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EXECUTIVE SUMMARY 

Investigation of soil contamination at the 903 Drum Storage Area (903 Pad), 903 Lip Area (Lip 
Area), and Americium Zone was performed to provide characterization data for subsequent 
evaluation of remedial alternatives for site cleanup. Historically, drums which were stored at the 
903 Pad between 1958 and 1967 leaked hydraulic fluids and lathe coolant containing plutonium 
and depleted uranium. This release-contaminated surface and subsurface soil with radionuclides 
and volatile organic compounds (VOCs). The VOCs have migrated into the shallow groundwater 
system beneath the 903 Pad. 

The primary purpose of this investigation was to estimate the volume of contaminated soil above 
the Rocky Flats Cleanup Agreement (RFCA) Tier I Radionuclide Soil Action Levels (RSALs) 
and Subsurface Soil Action Levels (SSALs). Another objective of the investigation was to 
characterize surface soil to 10 pCi/g americium-24 1 (24'A~n) using gamma spectroscopy field 
instrumentation. This characterization would allow for identification of surface soils exceeding 
Tier I1 RSALs. Remedial alternatives will be evaluated in the Interim MeasureAnterim Remedial 
Action (IMARA) Decision Document based on these volume estimates. 

. _  

Delineation of radiologically-contaminated soil in the Americium Zone was performed in-situ 
using gamma-ray spectroscopy methods, which employ a high purity germanium detector 
(HFGe). The HPGe instrument was used to obtain 1 1 10 contiguous gamma ray measurements 
with a circular field of view of 10 meters in diameter within the investigation area. Given this 
coverage, nearly the entire Americium Zone investigation area was surveyed for radionuclides. 

The HPGe measurement results were correlated with alpha spectroscopy measurements of 
radionuclides in eight co-located surface soil samples. The resulting best-fit regression model 
was used to standardize each HPGe 241Am measurement to a laboratory-derived 241Am and 
239n40P~ alpha spectroscopy measurement. The correlation results for 24'Am and 239n40~u were 
input into the RFCA Tier I and I1 RSAL sum of ratios equations to determine HPGe 
measurements locations exceeding the respective action levels. 

Based on the standardized HPGe results, surface soil at approximately 37% of the HPGe 
measurements locations within the Americium Zone has radionuclides exceeding the RFCA Tier 
I1 RSALs. The RFCA Tier I1 RSAL exceedances are a result of elevated activities of 
24'Am. Within the Americium Zone, 
and 241Am activities ranged from 4.91 pCi/g to 149.22 pCi/g. 

239/240 Pu and 
239R40 Pu activities ranged from 6.32 pCi/g to 938.42 pCi/g 

Contamination of surface and subsurface soils at the 903 Pad and Lip Area was delineated with 
data obtained from borings at evenly s aced grid nodes. Radiological samples from 79 boring 
locations were analyzed for 233R34U, 
VOC samples were collected from 17 boring locations and were analyzed for VOC contaminants 
of concern which included carbon tetrachloride, chloroform, cis- 1 ,2-dichloroetliene, methylene 
chloride, tetrachloroethene, and trichloroethene. 

2 3 f  2391240 U, 238U, Pu, and 241Am using alpha spectroscopy. 

Based 011 the data obtained from borings i n  the 903 Pad and Lip Area, most of the surface soil (0 
to 6 inches) is contaminated above Tjer I and Tier I 1  RSALs. 239'240P~ and 24'Am activities within 
the 903 Pad and Lip Area ranged from 0.82 pCi/g to 152,260 pCi/g and 0.15 pCi/g to 3 1,670 
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pCi/g, respectively. .Radiological contamination was also detected in the subsurface soil at depths 
of 6 to 12 inches and 12 to 18 inches within the 903 Pad and Lip Area; however, 239’240Pu and 
24’Am activities decreased by orders of magnitude at progressively deeper soil horizons. 

Artificial f i l l  at the 903 Pad is contaminated above the RFCA Tier I1 RSALs at one location 
(Boring 91898). Soil at this boring has elevated levels of 24’Am (126 pCi/g) and 239’240Pu (558 
pCi/g). Asphalt samples from the 903 Pad were also collected for waste characterization 
profiling but were not compared to RFCA Tier I and Tier I1 RSALs. 

Contaminated soil volumes were based on the areas and depths of Tier I and Tier I1 RSAL 
exceedances. The total volume of contaminated soil exceeding Tier I RSALs is 2,236 m3 (2,924 
yds3). The total volume of soil exceeding Tier I1 RSALs is estimated at 1 1,287 i n 3  (14,762 yds’). 
Relative to Tier 11 RSAL exceedances, the amount of radiologically-contaminated soil at the 903 
Pad is 1,889 m3 (2,471 yds’); in the Lip Area is 4,027 m3 (5,267 yds’); and in the Americium 
Zone is 5,37 1 in3 (1 1,287 yds3). 

No VOCs were detected above the SSALs in the samples collected from the 17 boring locations 
within the 903 Pad and Lip Area. However, PCE, TCE and lY2-DCE exceeded proposed Tier I 
and Tier I1 SSALs in several borings near well 08891. The total volumes of contaminated soil 
above Tier I and Tier I1  SSALs are 557 yds3 and 3,566 yds’, respectively. In  addition, 138 yds’ 
of contaminated soil containing elevated levels of radionuclides and VOCs are also present. 
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1 .o INTRODUCTION 

This report summarizes data collected to determine the location, area, and volume of soils 

potentially requiring evaluation, management, or remedial action at Individual Hazardous 

Substance Site (IHSS) 1 12 - 903 Drum Storage Area (903 Pad), IHSS 155 - 903 Lip Area (Lip 

Area) and Americium Zone, located at the Rocky Flats Environmental Technology Site (RFETS). 

Figure 1-1 provides the locations of the IHSSs and the Americium Zone. Remedial alternatives 

will be evaluated in the Interim Measures/Interim Remedial Action ( IMAM) Decision Document 

based on these volume estimates. 

Previous investigations have been conducted in these areas to evaluate the extent of 

contamination, apd the data collected have been reported in the Operable Unit (OU) No. 2 Phase 

I1 Resource Conservation and Recovery Act (RCRA) Facility Investigation/ Comprehensive 

Environmental Response, Compensation and Liability Act (CERCLA) Remedial Investigation 

(WIN) Report (DOE, 1995). However, these data do not provide the resolution necessary to 

accurately quantify the volume of soils that may require evaluation, management, or remedial 

action. Furthermore, with respect to VOC contaminated soils, the data do not support the 

conceptual model of a dense non-aqueous phase liquids (DNAPL) release at the 903 Pad, a model 

convincingly supported by groundwater data collected at this IHSS. Accordingly, the data 

reported herein were collected to fill these data gaps. 

d 

1 .I SITE BACKGROUND 

~ 

~~ 

~ ~~ 

~~ 

~ 

Releases at the 903 Pad (IHSS 1 12) are considered the primary source of radiological 

contamination in the surficial soil in this part of the RFETS. Drums that contained hydraulic 

fluids and lathe coolant contaminated with plutonium and uranium were stored at this location 

from the Summer of 1958 to January 1967. Approximately three fourths of the drums contained 

liquids contaminated with plutonium while most of the remaining drums contained liquids 

contaminated with uranium. Of the drums containing plutonium, the liquid was primarily lathe 

coolant and carbon tetrachloride i n  varying proportions. Also stored in the drums were vacuum 

pump oils, trichloroethene (I'CE), tetrachloroethene (PCE), silicone oils, and acetone still 

bottoms (DOE, 1995; RMRS, 1997b). 
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Leaking drums were noted in 1964 during routine handling operations. .The contents of the 

leaking drums were transferred to new drums, and the area was fenced to restrict access. When 

cleanup operations began in 1967, a total of 5,237 drums were at the drum storage site. 

Approximately 420 drums leaked to some degree. Of these, an estimated 50 drums leaked their 

entire contents. The total amount of leaked material was estimated at around 5,000 gallons of 

contaminated liquid containing approximately 86 grams of plutonium (DOE, 1995; RMRS, 

1997b). 

From 1968 through 1970, some of the radiologically-contaminated material was removed from 

the 903 Pad and Lip Area, some of the surrounding Lip Area was regraded, and much of the area 

was covered by an imported base coarse material and an asphalt cap was placed over the most 

contaminated area resulting in the 903 Pad. However, during drum removal and cleanup 

activities, wind and rain (stormwater erosion) spread plutonium-contaminated soils to the east and 

southeast from the 903 Pad area resulting i n  IHSS 155 (903 Lip Area). Several limited 

excavations have removed some of the plutonium-contaminated soils from the Lip Area (DOE, 

1995; Barker, 1982; and RMRS, 1997a). However, results from the OU2 Phase I1 RFIM 

sampling and analysis and this investigation confirm that radiologically-contaminated soils 

remain. 

Surface soils to the east and southeast of the Lip Area also exhibit elevated Plutonium-239/240 

(239n40P~) and Americium-241 (24'Am) activities. This contamination is primarily attributed to 

wind dispersion from the 903 Pad with potential contributions from historical fires, stack effluent, 

and stormwater related surface soil erosion. Areas exhibiting elevated 239n40P~ and 241Am 

activities east and southeast of the Lip Area are known as the Americium Zone. 
~ 

~ 

, 
1.2 ROCKY FLATS CLEANUP AGREEMENT , 

" 

The Rocky Flats Cleanup Agreement (RFCA) is a legally binding agreement between the 

Department of Energy (DOE), the Environmental Protection Agency (EPA) and the Colorado 

Department of Health and Environment (CDPHE) to accomplish the required cleanup of 

radioactive and other hazardous siibstance contamination at and around the RFETS. Action 

levels and cleanup levels for interim remedial actions have been established for surface water, 
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ground water, and soils and are presented in Attachment 5 of RFCA; “Action Levels and 

Standards Framework for Surface Water, Ground Water, and Soils (ALF)” (DOE, 1996). Tier I 

action levels are numeric levels that, when exceeded, trigger an evaluation, remedial action, 

and/or management action. Tier I1 action levels are numeric levels that, when met, do not require 

remedial action and/or institutional controls. Action levels for surface and subsurface soils have 

been established. Surface soil is defined in the ALF as shallow soil to a depth of 15-cm. 

Subsurface soil is defined in ALF as soil between a depth of 15-cm and the top of the water table. 

Currently, Radionuclide Soil Action Levels (RSALs) for surface soils are being applied to 

subsurface soils until subsurface soil action levels are established. This application of RSALs to 

subsurface soil is conservative since human exposure to subsurface soil would be less than to 

surface soil under a given future use scenario. 

The DOE, EPA, and CDPHE have committed to an annual review of all applicable new and 

revised statues, regulations, written policy, and guidance to determine if an amendment to RFCA 

is necessary. Based on the 1998 annual review, revisions to the Subsurface Soil Action Levels 

(SSALs) have been proposed which has resulted in revised Tier I action levels and the inclusion 

of new Tier I1 action levels for organic compounds. I n  addition, an independent review of the 

soil action levels is currently being conducted by the Rocky Flats Soil Action Level Oversight 

Panel. Based on this independent review and the results from erosion modeling being performed 

by the Actinide Migration Evaluation Panel additional revisions to the soil action levels may be 

proposed in the future. 

~ 
~ For this site characterization, contaminant concentrations in surface and subsurface soils have 

~ ~ 

~ 

been compared to both Tier I and I1 RSALs, current Tier I SSALs, and proposed Tier I and Tier I1 

SSALs (Kaiser-Hill, 1999a) in order to assist in the development of the best management strategy 

for site cleanup. 

~ 

I 
The parameters of interest include the activity/concentrations of the following 

radionuclides/compounds: 

Americium-24 1 (24’Am); 

PI u ton iuni . -23 9/240 ( 239n40Pu); 
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241Am 
239/240pu 

234 u 

uranium-234 ( 2 3 4 ~ ) ;  

uranium-235 ( 2 3 5 ~ ) ;  I 

Uranium-238 (238U); and 

.VOCs (subsurface soils only). 

21 5 38 

1429 252 

1738 307 ' 

\ 

2 3 5 u  

2 3 8 ~  

Metals, semivolatile organic compounds, pesticides, and polychlorinated biphynels were 

eliminated as potential contaminants of concern based on data evaluation from previous 

investigations (DOE, 1995). 

135 24 

586 103 

Radionuclides- Table 1 - 1 provides the Tier I and Tier I1 RSALs for an open space use exposure 

scenario (RSALs for an industrial use exposure scenario also exist but are not applicable to the 

study area). 

Table 1-1 RFCA Tier I and I1 Radionuclide Soil Action Levels 

If a mixture of radionuclide contaminants a, by c are present in the soil with activities a,, ab, and 

a,, and if the applicable RSALs, are A,, Ab, and A, respectively, then the activity in the soil shall 

be considered as exceeding the RSALs if the sum of ratios (SOR) is greater than 1 , Le., 
~ 

~ 
~~ 

' a  ah a Sum of Ratios (SORs) = - + - + > 1 
' h  ' c  

(Equation 1 - 1 )  

If individual radionuclide activities in surface or subsurface soils exceed Tier I or Tier IT RSALs, 

or the sum of ratios exceed 1 , an evaluation, remedial action, and/or management action is 

triggered. 
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Volatile Organic Compounds -Table 1-2 provides the current Tier I SSALs and the proposed 

Tier I and Tier I1 SSALs for VOC contaminants of concern in soils at the 903 Pad . 

1,2,-Dichloroethene 9.51 14.0 0.14 
(Total) 

Methylene Chloride 5.77 0.578 0.00578 

Table 1-2 Subsurface Soil Action Levels - VOCs 

Tetrachloroethene 

Trichloroethene 

I Carbon Tetrachloride I 11.00 3.56 I 0.0356 I 

11.5 3.15 0.031 5 

9.27 3.28 0.0328 

I Chloroform I 152.00 . I 21.4 I 0.214 I 

As with the radionuclides, if the concentrations of VOCs in soil exceed Tier I or Tier I1 SSALs 

(either current or proposed), an evaluation, remedial action, and/or management action is 

triggered. 

1.3 EXISTING DATA 

Numerous investigations to assess the extent of contamination at the 903 Pad, Lip Area, and 

Americium Zone have been conducted. These investigations are briefly described below. 

1.3.1 Surface Soils 

High Purity Germanium (HPGe) Surveys - HPGe surveys conducted in 1990 (EG&G, 1991) and 

1994 (DOE, 1995; RMRS, 1997b) provide useful information on the activity of 241Am in surface 

soils over the Americium Zone study area. These data were collected on a 1 SO-foot grid to 

accommodate the HPGe detector’s field of view (FOV) of 150 feet in diameter ( 1  7,671 fi2) 

(Figure 1-2). Surveys were not conducted over the 903 Pad and Lip Area and soil samples were 

not collected to supplement the surveys. The results from these surveys were utilized to define 

the boundaries of this characterization’s investigation area. 

~ - 

Surface Soil Radiological Datu - Surface soil samples were collected i n  support of the OU2 Phase 

I1 RFVRI (DOE, 1995). As detailed i n  the RFIRI, samples were collected utilizing two sampling 
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methods; the Colorado Department of Health (CDH) sampling method and the Rocky Flats (RF) 

sampling method. Surface soil sample results were compared with Tier I RSALs. The results of 

the comparison indicated that samples collected from five 2.5-acre plots exceed the Tier I RSALs. 

These plots include two 2.5-acre plots (Plots 28 and 34) sampled using the CDH sampling 

method and three 2.5-acre plots (Plots 29, 36, and 46) sampled using the RF method (Figure 1-3). 

1.3.2 Subsurface Soils 

Subsurface Soil Radiological Data - Three data sources were evaluated to determine the depth of 

radiological contamination within the study area: 1) RFI/RI borehole data (DOE, 1995); 2) 

RFIRI soil profile pits (DOE, 1995); and 3) samples collected in support of a 1980 soil 

decontamination project (Rutherford, 198 I ) .  Results from the RFIRI borehole samples were 

compared to RSALs and revealed that no samples exceed the Tier I RSALs. However, samples 

collected from soil profile pit TR08 exceeded Tier I RSALs to a depth of 27 centimeters (cm) 

(10.6 inches[in]). Soil profile pits were sampled at 3 cm (1.2 in) intervals to a total depth of 1 

meter (m) (3.28 feet). Samples collected at soil profile pit TR06, located adjacent to pit TR08, 

were not analyzed because activities exceeded the DOT shipping requirements. It is assumed that 

radiochemical results from pit TR06 would also exceed Tier I RSALs, if analyzed. 

Soil samples collected beneath the 903 Pad in support of the 1980 soil decontamination project 

exceeded Tier I RSALs to a depth of 66 cm (26-inches) (RMRS, 1997b). This depth exceeds the 

thickness of the asphalt pad and the depth of imported base coarse material and indicates 

radiological contamination of natural undisturbed soils at the 903 Pad. However, no RFIRI soil 

borings detected radiological Contamination in excess of Tier I RSALs. As a result, a discrepancy 

with the depth of radiological contamination between these investigations exists. 

~ 
~ 

Subsurface Soil VOC Data - Three sources of data were evaluated to determine the nature and 

extent of contamination at the 903 Pad: 1) RFI/RI borehole data (DOE, 1995); 2) I M A M  soil gas 

survey results (DOE, 1994); and 3) groundwater monitoring well data. 

Borehole sample results from the RFVRI were compared with currcnt Tier I SSALs revcaled that 

no samples exceeded the current Tier I SSALs for organic contaminants. The soil gas survey 
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indicated that the highest VOC concentrations were located immediately south of the southeast 

corner of the 903 Pad. Tetrachloroethene was detected at 27,000 micrograms per liter (ug/L) at a 

depth of 5 feet. However, at adjacent soil gas locations and boreholes, tetrachloroethene is either 

not detected or detected at very low concentrations. Soil gas concentrations for the remaining 

portion of the 903 Pad ranged from 0-500 ug/L with the highest concentrations around and north 

of monitoring well 08891 (Figure 1-4). 

1.3.3 Groundwater 

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, which 

are located on the asphalt portion of the 903 Pad. Concentrations of contaminants in groundwater 

decrease rapidly moving eastward from the 903 Pad area. The primary groundwater contaminant 

in  well 06691 is carbon tetrachloride with concentrations ranging from 51 to 100,000 ug/L. 

Methylene chloride (1 50 to 29,000 ug/L) and chloroform (92 to 46,000 ug/L) are also observed. 

Groundwater sample results for well 08891 indicate the primary contaminant as PCE at 

concentrations ranging from 470 to 27,000 ug/L, along with carbon tetrachloride (290 to 17,000 

ug/L), cis-l,2,dichloroethene (94 to 2,900 ug/L) and TCE (2 10 to 4,600 ug/L). 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 ug/L. 

~ Concentrations of VOCs in groundwater decrease rapidly moving eastward from the 903 Pad area 
~ 

which is supported by a review of historical groundwater data (DOE, 1995; RMRS, 1997b). As a 

recent example, during the June 1998 groundwater sampling, well 06991 had 210 ug/L PCE and 

well 1587 had 880 ug/L PCE which are two orders of magnitude less than the concentration 

observed in well 08891 with 27,000 ug/L PCE (Figure 1-4). This decrease in concentration is a 

result of contaminant dilution due to the distance between the well on the 903 Pad and 

downgradient well locations east of the 903 Pad. 

Because of the complex nature of DNAPL transport and fate, DNAPL may often be undetected 

by direct methods leading to incomplete site assessments and inadequate remedial designs (EPA, 
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Carbon Tetrachloride 

Chloroform 

1992). A guide for estimating the potential for a DNAPL source at a site includes assessing if 

concentrations of DNAPL-related chemicals in groundwater are greater than 1 YO of the pure 

phase solubility of the compound (EPA, 1992). 

793 85.0 10.7 

7,920 4.4 0.1 

Table 1-3 provides a comparison of the pure phase aqueous solubility and concentrations of 

DNAPL-compounds detected in groundwater at the 903 Pad (wells 0669 1 and 08891) from a 

June 1998 sampling event of monitoring wells 06691 and 08891. The comparison indicates that 

PCE and carbon tetrachloride have been detected in groundwater samples at 13.5% and 10.7% of 

their aqueous solubilities, respectively. The results of this comparison and known historical site 

uses, indicate there is a potential for pure phase organic contaminants in subsurface soils beneath 

the 903 Pad. 

cis-I ,2,dichloroethene 

Methylene Chloride 

PC E 

TABLE 1-3 Comparison of Pure Phase Aqueous Solubility with 
Concentrations in Groundwater Samples - Selected VOCs 

3,500 1.3 0.04 

13,000 29.0 2.2 

200 27.0 13.5 

TC E 
~ 

1,100 1.3 0.12 

1.4 SURFlClAL GEOLOGY 

The surficial geology in the study area consists of Quaternary alluvium, colluvium and slump 

deposits along with artificial fill, soil and debris deposits, and disturbed soil. The surficial 

deposits overlie bedrock which consists of weathered claystone and minor bedrock sandstones of 

the Cretaceous Arapahoe and Laramie Formations. Surficial deposits consist of sandy clay and 

clayey gravel. Soil developed over the alluvium is rocky and sandy i n  contrast to the clayey soils 

developed over the claystone bedrock. 
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For this investigation, the surface and subsurface soils were subdivided into six soil horizons: (1) 

the Native 1 soil horizon consists of natural soils from 0 to 6 inches (surface soils); (2) the Native 

2 soil horizon designates subsurface soils from 6 inches to 1 foot: (3) the Native 3 soil horizon 

designates subsurface soil from 1 to 1.5 feet; (4) the Native 4 soil horizon designates subsurface 

soil from 1.5 to 2.0 feet; ( 5 )  the Native group consists of Quaternary alluvium from the bottom of 

the Native 4 soil horizon (2.0 feet) to the bedrock contact; and (6) the Bedrock group consists of 

consolidated geologic material from the undifferentiated Laramie/Arapahoe Formations. 

I 

Artificial f i l l  is present directly beneath the 903 Pad and in the Lip Area as a result of previous 

remediation activities. In  November 1968 “slightly-contaminated” soil was graded from outside 

the fence at the 903 Pad into the fenced area to be capped. In September of 1969 a base coarse 

(artificial fill) material overlay, soil sterilant, and asphalt primer were constructed for the 903 

“containment barrier” (Pad). The asphalt pad was constructed in October of 1969 and was 

reportedly 3 in (7.6 cm) thick. The thickness of the base coarse materials beneath the 903 Pad 

was assumed to be approximately 8 inches (20 cm). In February 1970, operations, were initiated 

to apply additional f i l l  (base coarse) over the Lip Area due to soil contamination. The thickness 

1 

of the f i l l  material reportedly ranged from 0.8 in (2 cm) to 5.1 in (13 cm) (DOE, 1995; FWRS, 

1997b). 

1.5 SITE CONCEPTUAL MODEL 

The contaminants present in the surface and subsurface soil are primarily a result of drum storage 

in the 903 Pad area. Drums containing hydraulic fluids and lathe coolant contaminated with 

plutonium and uranium leaked onto the surface soil. The liquids from the drums may have 

moved downward towards the bedrock surface, possibly carrying a fraction of the radionuclides 

into the subsurface along preferential pathways such as rodent holes, desiccation cracks, and/or 

along decayed roots. High winds and heavy rains spread the surficial radiological contamination 

outward from the 903 Pad, depositing it on surface soils in the Lip Area and Americium Zone. 

~ 

I 

, 

Previous I-IPGc surveys from the study arca and surface soil sainplc data show that, in  general, 

higher concentrations are present near the 903 Pad, and concentrations decrease with increasing 



. .  .. . ... 

Site Characterization of the Document Number: RF/RMRS-99-427.UN 

Date: September 21, 1999 
Page: 10 of 69 

903 Lip Area, and Americium Zone 
903 Drum Storage Area, Revision: 0 

distance from the 903 Pad. Immediately east and south of the 903 Pad and Lip Area, there are 

areas of higher concentrations which may be the result of wind and surface water dispersion of .  

contaminants (DOE, 1995). Accounting for the surface soil and HPGe sampling already 

collected from the 903 Pad area to Indiana Street, and the direction of surface water flow from the 

903 Pad towards the South Interceptor Ditch, it was concluded that hot spots are not likely to be 

present to the east, outside of the Investigation Area (Figure 1-4). 

The source of subsurface VOC contamination is suspected to be present directly beneath the.area 

where drums were previously stored (DOE, 1995; RMRS; 1997b). The liquid contained in the 

drums may have migrated downward towards the bedrock surface. An east-west paleochannel is 

cut into the bedrock, with the greatest depth to bedrock located toward the middle of the 903 Pad 

(DOE, 1995; RMRS, 1997b; RMRS, 1997~).  Available subsurface and groundwater VOC data 

(see Section 1.3) indicates that any potential source ofDNAPL contamination is limited to the 

area under the present 903 Pad. The VOC contamination east of the 903 Pad is limited to the 

dissolved phase in groundwater as supported by groundwater data (see Section 1.3.3) (DOE, 

1995; Rh4RS, 1998e). 

1.6 PROJECT INVESTIGATION AREA 

Based on the foregoing evaluation of the existing data in the study area, an Investigation Area 

was defined for this site characterization that represents the area where additional data is required 

to refine the volume estimate of contaminated soils (Figure 1-4). The Investigation Area 

represents that portion of the study area -~ which ~ is known, or in which a potential exists, for surface 

and/or subsurface soils to exceed Tier I RSALs and current Tier I SSALS. These areas include: ~ 

~ 

~ 

groundwater contaminant plume. 
I 

0 

0 

Surface soils exceeding 10 pCi/g 24'Am as identified in the 1990 and 1994 HPGe surveys; 

Areas where artificial f i l l  (and asphalt) has been place'd over natural soils including the 903 

Pad, Lip Area, and areas remedied in 1976, 1978, and 1984; 

Five 2.5-acre plots identified as exceeding Tier I soil action levels based on OU2 RFI/RI 

surface soil sampling results: and 

The 903 Pad and Lip Area where a subsurface VOC source is suspected as the soilice of a 

0 

0 
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2.0 , FIELD INVESTIGATION 

2.1 OVERVI EW 

The lateral and vertical extent of radiological and VOC contarnination was assessed within the 

proposed investigation area. The lateral extent of radiological contamination in the Americium 

Zone and a portion of the Lip Area were primarily assessed using a non-intrusive HPGe field 

method. The HPGe method results were “standardi~ed’~ by correlation to radiochemical data 

collected by sampling surface soils from selected HPGe measurement locations, and analyzing 

these samples for radionuclides using alpha spectroscopy. The lateral and vertical extent of 

contamination of the 903 Pad and a majority the Lip Area was assessed utilizing sample 

collection methods employing a Geoprobe@, and analyzing the samples for radionuclides and 

VOCs in a laboratory. The data were collected pursuant to the Sampling and Analysis Plan for the 

Site Characterization of the 903 Drum Storage Area (IHSS 1 12), 903 Lip Area (IHSS 155), and 

. 

Americium Zone (SAP) (RMRS, 1998a). 

2.2 SURFACE SOIL INVESTIGATION 

The activities of 241Am7 239n40Pu , 233/234 U, 235U7 and 238U in surface soils within the Americium 

Zone and a portion of the Lip Area were measured insitu using an HPGe survey together with 

radiochemical analyses of surface soil samples. 

- - 
- 

- - 
- 2.2.1 -HPGe Methodology - -  - - 

I 

~ 

I The HPGe instrument measures insitu activities of 241Am, 23sU and 238U. For this investigation, 

the W G e  measurement had a field of view (FOV) of 10 m in diameter with the detector placed 1- 

meter (in) over the ground surface. The Compendiuni of Insifu Radiological Methods and 

Applications at Rocky Flats Plant (EG&G, 1993) provides a detailed discussion on the physics of 

insitu measurement of radionuclides in the environment. 

The HPGe survey focused on the Americium Zone (Figure 2-1) and includes all surface soils with 

elevated concentrations of 239’240P11 and/or 2 4 ’ A ~ ~ 1  identified during the OU2 RFIRI including: 
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0 The 35 HPGe measurements which exhibit elevated (above 10 pCi/g) 241Am 

activities; 

The area directly below the culvert which drains the 903 Pad and Lip Area where 

sediments are deposited during surface runoff events; and 

The five 2.5-acre plots which surface soils exceed Tier I RSALs. 

The HPGe system used to perform insitu measurements for the investigation employs the 

Canberra Insitu Object Counting System (ISOCS) software. In order to estimate counting 

efficiencies, this software requires the entry of various parameters which should accurately 

represent the actual field conditions at the site. One important parameter is the distribution of 

contaminants vertically. In the HPGe investigation area, contamination was deposited via 

airborne and/or surface water releases. This resulted in a distribution with high activities near the 

surface and decreasing activities with depth, which may follow an exponential function. Surface 

soil sampling was previously performed in the study area to determine the vertical distributions. 

In general, the radionuclides are concentrated in the top 5-cm. Based on available data, the 

ISOCS model assumes all contamination is contained in the top 5-cm, and it is distributed with 

66% in the top 3-cm and 33% in the next 2-cm. This distribution was used to be consistent with 

the surface soil sampling methodologies (RMRS, 1998a), which specifies sampling surface soil to 

a depth of two inches (5 cm). In addition, the contribution from 24'Am below a depth of 5 cm in 

soil is quite small. It is possible that the actual distributions in the top 5-cm may be more 

concentrated near the surface or more uniformly distributed throughout the 5-cm layer. A set of 

efficiencies with different vertical distributions was prepared and the standard acquisition 

analyzed. 
~ ~ 

~ 

~~ 

~ 

Results: 

Am = 12.2 pCi/g ' 24 I Default 2 layer 0-3 cm 66%, 3-5 cm 33% 

Single layer, 0-5 cm uniform 

3 layers, 0- 1.5cm50%, 1.5-3 cm 30%, 3-5 cm 20% 

3 layers, default with Icm grass cover 

2 layer with 0-3 cm 60%, 3-5 cm 40% 

24'Am = 14.3 pCi/g 

241Am = 11.6 pCi/g 

24'Am = 13.2 pCi/g 

2 4 ' ~ ~ n  = 12.2 pCi/g 
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As can be seen, the overall error of a likely range of possible distributions is about +/- 10 YO. 

2.2.2 Double Sampling Correlation Technique 

To "standardize" the in-sib method, a double sampling technique was employed whereby soil 

samples were collected from select HPGe measurement locations (RMRS, 1998a) and analyzed 

in the laboratory for "'Am, Pu, U, 23sU, and '238U using alpha spectroscopy, and 24'Am 

and 235U using gamma spectroscopy. [The gamma spectroscopy data was collected by the 

laboratory to simply "validate" the alpha spectroscopy results, and the two sets of results are 

comparable as indicated by their linear relationship with a slope of one [(Table 2-1) (Figure 2-2)]. 

239t240 233t244 

Table 2-1 Laboratory Gamma Spectroscopy Results vs. Laboratory Alpha 
Spectroscopy Results - 24'Am 

30+ 

104 

265 

266 

305 

406 

460* 

669* 

3.67 

19.08 

45.46 

21.89 

7.45 

107.86 

111.09 

57.84 
' Real and Duplicate Sample Results Averaged 

3.67 

27.80 

49.32 

22.60 

11.05 

77.27 

148.23 

57.85 

- 

In order toacquire a good double sampling-correlation over the anticipated range of 24'Am 

activities,.eight HPGe measurement locations were selected that encompass five 24'Am activity 

intervals; 0- 10 (three measurements), 10-20,20-50 (two measurements), 50- 100, and 100-200 

pCi/g. These intervals were selected based on detection frequencies of 241Am activities measured 

in' surface soil samples collected in support of the OU2 Phase I1 R F I N  (DOE, 1995; RMRS, 

1998a). 

Multiple HPGe nieas~trenients were taken at some of the double sampling locations for quality 

control. These results are provided i n  Table 2-2. In these cases, the measurements at each double 
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sampling location were averaged to create the HPGe data set used in the correlation. Table 2-2 

also indicates the HPGe measurements at each double sampling location are relatively uniform. 

Fifteen.(15) grab samples were then collected at each double sampling location; one grab sample 

from the center; four grab samples collected at 1- m radius, and ten grab samples from 3-m 

radius. Figure 2-3 provides this surface soil sampling geometry which was developed by the 

DOE (DOE, 1997) at the Fernald Environmental Management Project site i n  Ohio i n  order to 

correlate HPGe results to surface soil results. The 1-m and 3-m radius grab samples were then 

composited into a 1-m and 3-m sample representative of each individual band. Therefore, three 

separate alpha (and gamma) spectroscopy analyses were performed at each double sampling 

location. 

Samples were collected in this "bulls eye" pattern to mimic the averaging done by the field HPGe 

detector over the instrument FOV. The HPGe detector receives gamma-ray photons from every 

point within the circle; however, it receives more gamma rays from soil closer to the detector than 

from soil further from the detector. If the circle is divided into concentric bands, the relative 

weighting factor for each band can be calculated based upon the percentage influence of gamma 

photons at the detector which originates from a given band of soil, assuming a uniform source 

distribution with depth and a one MeV photon energy. The relative weighting factor is the 

relative importance of each band with respect to the probability of gamma-rays emitted from 

within that band being detected by the HPGe (Table 2-3). The sample results were multiplied by 

the weighting factor per band, then the products were summed to determine the activity of the 

psoils in the FOV area. ~ Tables 2-4 and 2-5 provide the results of these calculations, including 
~p 

~ 

adjustment for moisture content in order to report results on a wet weight or "insifu moisture" 

basis. Note that if field duplicate samples were collected at a given double sampling location, 

"real" and "duplicate" data were averaged (denoted as "combined"), and the "combined" data 

were used in the weighted averaging process to develop the data for the correlation. 



Table 2-2 HPGe Americium-241 Results at Double Sampling Locations 

900 14.5 
900 17.6 
900 20.6 

1200 15.5 
1200 22.6 
1200 17.6 
1200 23.0 
900 15.1 
900 17.6 

1200 13.0 
1200 18.6 
1200 19.4 
1200 15.8 
1200 15.8 

900 39.c 
900 39.1 
900 37.3 
900 3!.7 
900 29.2 
900 31.3 
900 39.3 
900 34.4 

I 

I 

1200 7.5 900 62.! 
I200 4.7 900 61.; 
I200 6.0 900 62.( 
1200 4.9 900 65.5 
1200 5.' 
1200 5.1 

1200 4.( 

900 113.2 1200 32.f 
900 80.2 1200 39.: 
900 98.3 1200 35.: 
900 115.7 1200 . 35.; 
900 80.8 
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, 

Table 2-3 Surface Soil Samples, Weighted Average Calculations 

I 0 I 0.1 I 
I 1 I 0.36 I 

3 0.54 

I Total 1 .oo I 

2.2.2.1 Alpha SpectroscopylHPGe Plutonium-239/240 and Americium-241 
Correlations 

The linear regressions (using the method of least squares) between the alpha spectrometry data 

(239/240Pu and 24'Am) and the HPGe data (24'Am) show very high degrees of correlation (Figures 

2-4 and 2-5). The correlation coefficients (R) are greater than or equal to 0.97. The 24'Am (alpha 

spectrometry) to 241Am (HPGe) correlation has a slope (1.25) near 1.9 and a small intercept (4.43 

pCi/g) near zero as would be expected when correlating the activities of the same radionuclide. 

The 239n40P~ (alpha spectrometry) to 24'Am (HPGe) correlation has a slope of 8.08 which is 

within the expected range of 239/240 Pu to 241Am activity ratios con.sidering the in-growth of 24'Am 

in weapons grade plutonium over 30 to 40 years (elapsed time since the release). The intercept 

(3.24 pCi/g) is also small in magnitude. These results indicate the regression lines are appropriate 

models to correlate HPGe data to alpha spectrometry data. 

However, according to the SAP (RMRS, 1998a), the 95% upper confidence limits (UCL) of the 
~ -linear regressions are to provide the equations to calculatethe activities of these isotopes in the 

~ 
~ ~ 

~ 

surface soils at all in-situ measurement locations (see Figures 2-4 and 2-5). Examination of the 

results from using the 95% UCL to determine RSAL exceedances strongly suggest this 

alternative "model" to be overly conservative. Figures 2-6,2-7, and 2-8 show RSAL 

exceedances in surface soils in the Americium Zone based on the direct HPGe resu1ts';the least 

square regression lines ("best fit" lines), and the 95% UCL equations for the "best fit" lines, 

Because 239/240 Pu is not measured directly by the HPGe instrument at low levels, the 139/240 Pu data used to 1 

determine RSAL exceedances was estimated using the '39/240 Pu to "'Am activity ratio of 5.S derived from 
the slope of the regression line (Figure 2-9) for the 239'240 Pu and 24'Am alpha spectroscopy results from the 
surface soil samples collected at the eight double sampling locations (usingreal and duplicate sample 
results). 



Table 2-4 
Alpha Spectroscopy Results for Americium-241 at Double Sampling Locations 

30 Real 99A5936-002.001 0 2.3659 4.99 

Real 99A5936-004.001 4.6643 1 (Real 1 99~5936-006.001/ : 1 3.574 1 45::8 1 .24 

1.93 I .2253 

1.6053 

1.8349 

30 Duplicate 99A5936-003.001 0 1.7105 4.99 

Duplicate 99A5936-005.00.1 t ' IDudicate 1 99~!j936-007.001~ 1 ::fd :::8 I I .1629 

1.5354 

1.73 1.641 2 

30 Combined 
Combined I /Combined I 0 2.0382 4.99 

4.5628 I 1 3.38111 :::8 1 1.641 .2 

1.83 I .1941 

1.5704 

1.738 

98A5590-001 004 

98A5590-002.004 

98A5590-002.006 

98A3372-003 004 

I 

305 Real 98A5590-003.002 0 9.947 5.04 

98A5590-003.004 I 1::;; /98~5590-003.006 1 : I iz:::d ::i3 1 .99 

3.341 

6.71 

3.2985 

6.635 .947 I 

31 



Table 2 4  
Alpha Spectroscopy Results for Americium-241 at Double Sampling Locations 

I [Real (99~4878-005.001 I 1 [ 55.0517( io. [ 19.821 ' 18.01691 



Table 2-5 
Alpha Spectroscopy Results for Plutonium-239/240 at Double Sampling Locations 

i 30 Real 99A5936-002.001 0 12.8235 4.99 1.28 1.2214 

99A5936-004.001 7.4865 I 1::;; 199~5936-006.00i 1 i 1 : : : ~~~~  :::8 I ' ii::i 12.2446 

30 Duplicate 99A5936-003.001 o 8.4155 4.99 

Duplicate 99~5936-005.0oi 23.1372 

/Ouglicate ~99~593rj-oo7.00i 1 1 i55486/ :::8 1 .84 

8.331 

8.4 i 3016 

7.9631 

7.9827 

98A5590-001.004 

98A3372-003.006 

98A5590-003.004 
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Table 2-5 
Alpha Spectroscopy Results for Plutonium-2391240 at Double Sampling Locations 

98A3372-001.002 

98A3372-002.004 
98A3372-002 006 
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respectively. Also plotted on these figures are RSAL comparisons for historical surface soil data 

(0-2 inches) from the OU2 RFI/RI trenching investigations (DOE, 1995) and a surface soil 

investigation conducted by the Actinide Migration Evaluation Project (RMRS, 19980. These 

figures also provided RSAL comparisons for the alpha spectrometry results of surface soil 

samples collected at the eight double sampling locations for this investigation. Analytical results. 

and RSAL comparisons for these surface soil samples are provided in Tables 2-6, 2-7 and 2-8. 

. 

As would be expected, Figures 2-6, 2-7, and.2-8 indicate progressively higher actinide levels in 

surface soils, i.e. increasing numbers of Tier I, and in particular, Tier I1 RSAL exceedances. As 

can be seen, the “best fit” line results (Figure 2-7) are substantiated by the historical data. For 

example, unlike the HPGe “direct” results (Figure 2-6), the Tier I1 exceedances plotted using with 

the “best fit” line (Figure 2-7) extend to the south bordering on location TR09 (a Tier I1 

exceedance), and extend to the east encompassing locations TR12 and AME 5398 (also Tier I1 

exceedances). Also, unlike the 95% UCL results (Figure 2-8), the “best fit” results (Figure 2-7) 

indicate actinide levels below Tier I1 to the north at HPGe Measurement Location 30, to the east 

at HPGe Measurement Location 305, and southeast at TR11. Thus, RSAL exceedances for the 

“best fit” line (Figure 2-7) are most consistent with the historical and the alpha spectroscopy data, 

and the best fit line is the chosen’model to standardize the HPGe results. 

2.2.2.2 Alpha Spectroscopy/HPGe Uranium-235, -238 Correlations 
. -  

As shown in Figures 2-10 and 2-1 1, correlations for the alpha spectrometry/HPGe data for 235U 

and 238U were not performed because in both cases the uranium isotopes were not detected by 

insitu W G e .  The plots show minimum detectable activities when the isotopes were-non- 

detected. Also, alpha spectrometry did not measure detectable levels of 235U, and only in a few 

instances was 238U detected at estimated activities. Therefore, 235U and 238U results from the 

HPGe survey in the Americium Zone were used directly as the surface soil radiological data for 

these isotopes. The lack of correlation for the uranium data does not impact the findings reported 

herein because the activities of uranium isotopes are well below the Tier I1 RSALs throughout the 

investigation area. 

- 

- 

/ 

2331234 The activity of 

238U (the activity contribution of 233U is insignificant). The equilibrium between the radioactive 

U was calculated based on the fact that 234U is iisiially in equilibrium with 



Table 2-6 A 

r ~ o 5  

TR09 

,ha SDectroscoDv Results of Trench Soil Samdes - OU2 RFI/RI 

208663C 

208657t 

208633 

1 TR0042 1 WCU2 

I 
I 

74891 8 TR00367WCU2 
11 

I 

TR00366WCU2 

748432 TR00300WCU2 !- 
TR00299WCU2 k 
I I, 

0 

REAL PU-239/40 
REAL U-233,-234 
REAL U-235 
REAL U-238DA 

3-6 REAL AM-241 
REAL PU-239/40 
REAL U-233,-234 
REAL U-235 
REAL U-238DA 

0-3 REAL AM-241 
REAL PU-239/40 
REAL U-233,-234 
REAL U-235 
REAL U-238DA 

3-6 REAL AM-241 
REAL PU-239/40 
REAL U-233,-234 
REAL U-235 
REAL U-238DA 

0-3 REAL AM-241 
REAL PU-239140 
REAL U-233,-234 
REAL U-235 
REAL U-238DA 

3-6 REAL- AM-241 
REAL PU-239140 
REAL U-233,-234 
REAL U-235 
REAL U-238DA 

535.3000 pCi/g 
1.0080 pCi/g 
0.0819 pCi/g 
1.3520 pCi/g 

63.7300 pCi/g 
459.9000 pCi/g 

1.2540 pCi/g 
0.0359 pCi/g 
1.5680 pCi/g 

71.1800 pCi/g 
646.6000 pCi/g 

2.2070 pCi/g 
0.0000 pCi/g 
2.2070 pCi/g 

34.1200 pCi/g 
381.3000 pCi/g 

1,4260 pCi/g 
0.0483 pCi/g 
1.6100 pCi/g 

23.3700 pCi/g 
198.7000 pCi/g 

1.1960 pCi/g 
0.0636 pCi/g 
1.3920 pCi/g 

22.2800 pCi/g 
204.4000 pCi/g 

2.0480 pCi/g 
0.0439 pCi/g 
7.6620 pCi/g. 

0.251 -I- 
' I  

5.036 

3.523 

4.468 

2.432 

1.424 

1.422 

SOR - Sum or ratios 
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Table 2-7 Alpha Spectroscopy Results of Surface Soil Samples - HPGe Double Sampling Locations 

1 328.2151 0.7481 0.028 1 1.1081 0.48) 669 I 2085947.0781 748667.471 53.1661 
Radionuclide results reported as the weighted averages over the HPGe measuernents field of view 

SSSE05498 

SOR - Sum of ratios 

2087398 I 748502 1 0.855 I 4.770 NA NA NA 0.01 

Table 2-8 Alpha Spectroscopy Results of Surface Soil Samples - Actinide Migration Evaluation Project 

SOR- Sum or ratios 
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parent (238U) and daughter (234U) suggests the activity ratio between these two isotopes should be 

1 .O. Surface soil data collected in support of the OU2 Phase I1 RFI/RI supports this relationship 

with an average activity ratio of 0.97 between the two isotopes. Therefore, the activity of 

in surface soil was assigned the value measured by the HPGe survey for 238U. 

2 3 3 0 3 4 ~  

2.2.3 FIDLER Surveys 

A FIDLER survey was conducted in a selected area where an isolated HPGe measurement 

exceeded the 10 pCi/g 241Am decision level. The FIDLER survey was conducted at HPGe 

measurement location 301 to determine if the measurement result was caused by the presence of a 

smaller area containing a hot spot. In addition, two FIDLER surveys were conducted at HPGe 

measurement locations 460 and 462 where HPGe measurements exceeded the RFCA Tier I 

RSALs based on preliminary results using the sum-of-ratios methodology. The purpose of the 

survey was to determine whether contamination was homogeneous and widespread as suggested 

by the conceptual model, or heterogeneous and consists of numerous individual hot spots. 

A grid with four-foot spacings was staked in the field to encompass the circular FOV for the 

HPGe measurement. A total of 37 FIDLER measurements were collected from each selected 

MPGe measurement location. FIDLER measurements were taken with the instrument placed on 

the ground surface at each of the four-foot grid nodes for a one-minute count. FIDLER surveys 

were conducted in accordance with Radiological Safety Procedure, 3-PRO- 1 12-RSP-2.0 1 , Job 

Aid: 4-JOB-010-RSP-02.01.07, Bicron FIDLER (Kaiser-Hill, 1999b). 

I 

~ 

~ 

~ 

~ 
~~ 

~~ 

~~ 

~~ 

~~ 

~ 

2.3 SUBSURFACE SOIL INVESTIGATION 

The subsurface soil investigation consisted of two phases. One phase was the radiological 

investigation consisting of shallow boreholes. The second phase consisted of the VOC 

investigation. 
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~ 

2.3.1 Radiological Investigation 

Subsurface soil sampling for radiological characterization was conducted at the 903 Pad and Lip 

Area. The depth of radiological contamination is required to estimate the volume of soil 

requiring remedial action. Figure 2- I2 provides the radiological subsurface sampling locations 

for the 903 Pad and Lip Area. Samples were analyzed for 24'Am, 

using alpha spectrometry. Boring logs are presented in Appendix A. 

233/240pLl, 233/?44u, 2 3 5 ~ ~  aIld 23811 

903 Pad - Twenty-five shallow boreholes were drilled for the characterization of radionuclide 

contamination beneath the 903 Pad. Twenty-five boreholes over the 3.4-acre 903 Pad represents 

a borehole completed at each node of a 23 m by 23 m (75 ft by 75 ft) grid (Figure 2-12). 

Subsurface soil samples were collected from artificial fill material and natural soils beneath the 

903 Pad for radiochemical analysis utilizing single-tube Geoprobe hydraulic push drilling 

technique. Soils were continuously cored to a total depth of approximately 1.2 in (4 fi) to ensure 

core recovery or to a depth where the FIDLER indicated less than 5,000 cpm. Samples were 

collected at approximately 15 cm (6 in) intervals from the top of and below the asphalt or as 

appropriate to differentiate the sample interval between asphalt, artificial fill material, and natural 

soils. This was done to prevent potential dilution of the natural soil samples below the artificial 

fill material. Borings and core were checked by engineer's tape for total depth and recovery. 

Samples for radiological screening were collected as a composite sample from the radiological 

sample. Soil samples were screened for alpha, betdgamma, and VOCs using portable field 

instruments. If VOCs were detected above 10 parts per million by field instrumentation at any 

sampling location, the VOC subsurface soil sampling program, as described in the SAP (RMRS, 

1998a), was implemented to characterize VOC contamination at that location. 

~ -~~~ ~~ 

- -  

Subsurface soil samples for radiochemical analysis were also collected during the VOC 

subsurface investigation as described in Section 2.3.2. Soil samples were collected from 12 

original and three L ' ~ t e p - ~ ~ t y y  boreholes on the 903 Pad, one borehole west of the 903 Pad, and one 

borehole east of well 07 19 1 in the Lip Area (see Figure 2- 13). 
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Lip Area - A total of thirty-seven boreholes were completed over the Lip Area where artificial f i l l  

was placed in 1970 and where surface soils were remediated in 1976, 1978, and 1984. Of the 37 

boreholes, 25 borings were original and twelve were “step-out” borings (Figure 2-12). Of the 37 

boreholes, two boreholes were completed in the 1976 remediation area, six boreholes were 

completed in  the 1978 remediation area, and three boreholes were placed in the 1984 remediation 

area. 

Shallow soil borings located in the 903 Lip Area and soil samples were collected utilizing single- 

tube Geoprobe hydraulic push drilling technique. Soils were continuously cored to either a total 

depth of 0.9 m (3 ft) or 1.2 m (4 ft) to ensure core recovery, or to a depth where the FIDLER 

indicated less than 5,000 cpm. Samples were collected at approximately 15 cm (6 in) intervals or 

as necessary to differentiate the sample interval between artificial fill material and natural soils. 

This was done to prevent potential dilution of the natural soil sample below the artificial f i l l  

material. Borings and core were checked by engineer’s tape for total depth and recovery. 

Samples for radiological screening were collected as a composite sample from the radiological 

sample. Soil samples were screened for alpha, betdgamma, and VOCs using portable field 

instruments. 

’ A detailed surface soil characterization using HPGe was not performed in portions of the Lip 

Area where surface/subsurface soils were collected (RMRS, 1998a). 

2.3.2 VOC Investigation Boreholes 

Investigation of VOC contamination at the 903 Pad, completed per the SAP (RMRS, 1998a), 

targeted the highest areas of groundwater contamination as well as the anomalous PCE soil gas 

results, east of groundwater well 07 191. Figure 2-13 shows the borehole locations for the VOC 

investigation. Samples were analyzed for 24’Am, 239n40Pu , 233/244U, 23sU, and 238U using alpha 

spectrometry and for VOCs using EPA Method 8260 or 8260B (EPA, 1986). Boring logs are 

~~ 

~ 

presented in Appendix A. 

Subsurface soil sampling \vas conducted near csisting ground\vatcr monitoring wclls 0669 1 , and 

08891 using an upgradient radial placement geometry with the well location serving as the 



Site Characterization of the Document Number: RF/RMRS-99-427.UN 

903 Lip Area, and Americium Zone Date: September 21, 1999 
Page: 28 of 69 

903 Drum Storage Area, Revision: 0 

downgradient location. Boreholes were located approximately 20 ft to the north, south, and west 

of well locations 06691, and 08891. Six boreholes were placed along the west to northwest side 

of the 903 Pad on the basis of aerial photographs showing drum storage and surface staining. A 

total of 15 boreholes were required to investigate the VOC contamination at the 903 Pad, the . 

original 1,2 boreholes, two “step-out” boreholes (95998 and 97698), and one completion of a 

shallow subsurface radiological borehole (90998) as a VOC borehole (96498) where VOCs were 

observed with concentrations greater than I O  percent of the respective current Tier 1 SSALs. 

The soil gas anomaly in the Lip Area at the southeast corner of the 903 Pad adjacent to well 

07191 was evaluated. One borehole (97298) was located 20 ft east and 10 ft south of well 

location 07191. A surface area with little or no vegetation and FIDLER readings greater than 

10,000 cpm was identified 30 feet east of well 6591, adjacent to the west side of the 903 Pad. 

One combined VOC and shallow radiological borehole (92598) was located to evaluate this area. 

The radiological sampling methodology for the Lip Area radiological subsurface investigation 

and the VOC sampling methodology, was followed for this borehole is described as follows. 

VOC soil borings located in the 903 Pad and Lip Area and soil samples were collected utilizing a 

dual-wall Geoprobe hydraulic push drilling technique. Boreholes were advanced from the 

surface to either a depth of 0.3 1 to 0.62-m ( 1  to 2 feet) below the top of bedrock, or to a depth 

below the vertical extent of VOC contamination (based on field instruments), whichever was 

greater, provided refusal of the Geoprobe drilling equipment was not encountered. Samples were 

collected at dpproximately 1.22-m (4 ft) intervals below ground surface, or at intervals where 

VOCs were detected with - field instrumentation. I n  general, the VOC samples were collected 

from approximately the lower 15-cm (6 in) interval and the radiological sample was collected- 

from the 15-cm (6 in) interval above the VOC sample. Samples for radiological screening were 

collected from the 15-cm (6 in) interval above the radiological sample. Because of the different 

- 

- - 

- ~~ 
~ - 

ionization potential between PCE and CCI4, two photoionization detectors were used (10.4 and an 

1 1.7 electron volt bulb). If VOCs were detected above 10% of the current Tier I SSALs, then the 

sampling grid was extended an additional 6.1-111 (20 ft) in an upgradient direction of that location, 

and additional samples were collected for laboratory analysis. 
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2.4 903 PAD ASPHALT SAMPLES 

Asphalt samples from the 903 Pad were collected to obtain preliminary waste characterization 

data for disposal purposes. Nine asphalt samples were collected randomly from the following 

locations over the 903 Pad: 90098; 90198; 90398; 90698; 90798; 91 198; 91298; 91898; and 

19 I98 (Figure 2- 12). Random sampling techniques are appropriate methods for estimating the 

population mean and the standard error of this estimate. Locations were determined randomly 

based on the 903 Pad subsurface soil sampling grid. Samples were collected using a Geoprobe@ 

and analyzed for 241Am, 239R40Pi,, 233’234U, 23sU, and 238U using alpha spectroscopy. 

2.5 WORK CONTROLS 

. 
Field activities were conducted in accordance with the procedures detailed in the SAP (RMRS, 

1998a), the Task-Specific Health and Safety Plan (RMRS, 1998b) and additional controls 

summarized herein. Additional work controls implemented for the project included the ALARA 

Job Review (#903Pad-98-001) for fieldwork performed under job-specific Radiation Work 

Permits (RWPs). Contamination control included measurement of direct and removable 

contamination levels on equipment, wind speed monitoring (soil handling activities suspended 

with two consecutive 15-minute wind speed average of 15 miles per hour), high volume air 

sampling during soil handling activities, and requirements for personal protective equipment. 

Fieldwork also could not be performed due to sensitivity of the radiological field instruments 

when the humidity was greater than 90% and ambient temperatures less than 32 degrees 

Fahrenheit. 
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All HPGe results for U-238 at double sampling locations were less 
than the instrument detection limit. 
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Figure 2-1 1 Alpha Spectroscopy vs. HPGe Gamma Spectroscopy - Uranium-238 Correlation 
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Quantify three-dimensional 
distribution of VOC concentrations 
that meet or exceed Tier I Soil Action 
Levels to estimate soil volumes 
requiring remediation. 

Quantify three-dimensional 
distribution ofactinides to estimate 
soil volumes requiring remediation. 

~ ~ = ~L ~~~ 
~ 

~ ~ ~ 
~~ ~ ~ 

3.0 DATA QUALITY ASSESSMENT 

Three-dimensional extent of VOC 
concentrations relative to Tier I soil 
action levels. Volume estimates of 
soils exceeding Tier I soil action 
levels. 

Three-dimensional extent of 
actinide activities relative to Tie! ! 
& II RSALs. Volume estimates of 
soils exceeding Tier I and II 
RSALS; ~ ~ =~~ ~ ~~ ~ 

= =  ~~ 

This section provides the results of the data quality assessment that was conducted in accordance 

with the Evaluation of Data for Usability in Final Reports (RMRS Procedure, EWRMRS-98-200 

[RMRS, 1998~1). This assessment ensures that data used in making management decisions for 

remedial actions is of adequate quality to support the decisions. 

As discussed herein, Data Quality Objectives for the project were achieved. A summary of 

project DQOs and the corresponding project decisions is presented in Table 3- 1 

Table 3-1 Sample Types & Data Quality Objectives 

Actinides in 
Surface Soils 
using lnsitu 
Gamma 
Spectroscopy 

VOCs in 
Subsurface Soils. 

Actinides in 
Subsurface Soils. 

Quantify spatial distribution of 
RFETS actinide activities that meet 
or exceed Tier I RSALs to estimate 
soil volumes requiring remediation. 
Quantify spatial distribution of 241Am 
to 10 pCi/g using HPGe gamma ray 
survey. 

Spatial extent of actinide activities 
exceeding Tier I RSALS. Vol,ume 
estimates of soils exceeding Tier I 
and Tier II RSALs. 

3.1 VERIFICATION OF RESULTS 

Verification ensures that data produced and used by the project are documented and traceable per 

quality requirements. Generally, verification consists of reviewing the data to determine whether: 

0 

0 

Chain-of-Custody was intact from initial sampling though transport and final analysis; 

Preservation and hold-times were within tolerance; 

Selected samples underwent analysis at certified labs; and 

Format and content of the data is clearly presented relative to goals of the project. 
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I n  addition to the criteria noted above, verification of the data also included additional checks 

sometimes acknowledged as within the “validation” category, depending on the type of analysis: 

Surrogate recovery; 

MSIMSD recovery; 

Calibrations; 

Blanks; 

Sample preparations; and 

Other quality control. . 
In  order to provide an integrated evaluation of the data quality, results of the verification are 

collectively discussed with validation in Section 3.2. 

3.2 VAL1 DATION 

Validation consists of a technical review of the data, or portion of the data, so that any limitations 

of the data relative to project goals are identified, and the associated data are qualified 

accordingly. Data were validated relative to the precision, accuracy, representativeness, 

completeness, and comparability (PARCC) parameters described in the next section. K-H 

Analytical Services Division also currently performs validation on a site-wide basis at 25% 

frequency. Satisfactory validation at this frequency indicates that the subcontracted labs are 

operating competently relative to industry-wide standards, and more specifically, that sample 

custody and analytical procedures are implemented under defined quality controls. Site-wide 

data validation coupled with annual lab audits provides the inference that all analytical and 

radiochem ical results not specifically validated, are represented by the percentage that is 

validated. 

~ 
~ 

~ 
~~ 

Validation by an independent third party was performed on 37 percent of the alpha spectroscopy 

data and 32 percent of the VOC data, which exceeded.the requirement of 25 percent validation by 

an independelit third party. The remaining alpha spectroscopy and VOC data were verified by an 

independent third party. Original verification and validation (V&V) packages for the project are 

managed and tiled by the K-H Analytical Services Division, Building 88 I .  
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Verification and validation of the project data, summarized in Sections 3.1 through 3.3, included 

use of the following protocols and guidance: 

RMRS Procedure RF/RMRS-98-200, Evaluation of Data for Usability in Final Reports 

(RMRS, 1998~); 

USEPA Contract Laboratory Program National Functional Guidelines for Inorganic Data 
Review, EPA 540/R-94/0 13, (EPA, 1994b); 
USEPA Contract Laboratory Program National Functional Guidelines for Organic Data 
Review, EPA 540/R-94/0 12, (EPA, 1994a); 
Guidance for Data Quality Assessment, Practical Methods for Data Analysis, EPA QA/G-9, 
(EPA, 1996b); 
Kaiser-Hill Team Qualily Assurance Progrwn, Rev. 5 ,  (K-H, 1997); and 
RMRS Quality Assurance Program Description (QAPD), RMRS-QAPD-001, Rev. 2, 
(RMRS, 1998d). 

0 

3.3 PARCC PARAMETERS 

3.3.1 Precision 

Precision is a measure of the reproducibility of results. Precision is evaluated by comparing 

results from field duplicate and/or replicate (duplicate/replicate) samples with results from 

associated real samples. Precision will be evaluated quantitatively by using two functions, 

relative percent difference (RPD), and duplicate error ratio (DER), where the latter function is 

used to account for the stochastic nature of error of radioactivity. The DER is a test for bias 

between a field duplicate or replicate and the associated real sample for radionuclides. 

~ 

' Equations 3.1 and 3.2 present the RPD and DER equations 

I G - C 2 l  

I (CI+C2)/2 I 
* 100 (Eq. 3.1) RPD = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

where: 
CI=Concentration of the analyte in the real sample 
Cz=Concentration of the analyte in the duplicate sample 

(Eq 3.2) 
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TPU = total propagated uncertainty 

Duplicate/Replicate Sample Collection Methodology 

Field duplicate samples collected in support of the surface soil programs were collected as unique 

samples. The duplicate samples were generated from grab samples of surface soils collected at 

HPGe measurement locations. The grab samples were collected adjacent to the real samples 

collected over the same HPGe FOV, composited, and placed into sample jars. Replicate and real 

samples of subsurface soils collected for alpha spectroscopy analysis were generated by splitting 

the recovered core in half lengthwise. VOC quality control (QC) samples are identified as 

duplicates because the real and QC samples were collected from adjacent depth intervals (Le. not 

split). 

The purpose of the field duplicate and replicates are to evaluate the precision of the field 

sampling process. The QC criterion for RPDs is 5 40% , and for DERs the criterion is 5 1.96. 

Individual RPDs/DERs can be found i n  Appendix B. Duplicate/replicate samples exceeding the 

DER QC criterion of 1.96 are interpreted as different at the 5% level of significance, are qualified 

as "J", and the conclusion is reached that the sample and duplicate/replicate differ. 

Duplicate/replicate samples exceeding the RPD QC criterion of 40%, indicate that precision does 

not comply with DQO specifications, and require an explanation and justification for deficiencies, 

and a determination if additional sampling is required. At least 85% of all quality control 

samples are required to comply with the established precision or RPD goals. The following 

sections describe the results of duplicate/replicate sample results for each laboratory analytical 

' 

Insitu Gamma Spectroscopy ( a G e )  Program 

The gamma spectroscopy unit collected a total of I ,  1 10 insitu measurements. The required 

frequency of duplicate samples was one measurement for each set of 20 real measurements. A 

total of 58 duplicate measurements were collected ( 1  i n  19.1) meeting the required collection 

frequency. All 58 duplicate measurements acquired were within error tolerances (DER 5 1.96) 

for the measurable actinides of interest (24'Am, U, and 238U). This excellent performance by 

the ir7silti system indicates the large-area, pliysical-averaging is a repeatablk method. Appendix C 

provides the TPU for HPGe measurements used i n  the DER calculations. 

235 
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Laboratory Gamma Spectroscopy 

A total of 24 real and nine duplicate surface soil samples (1 in 2.7) from three double sampling 

HPGe measurement locations were provided to the laboratory for gamma spectroscopy analysis 

for '41Am. The frequency for duplicate sample collection for gamma spectroscopy analysis was 

met for this program. 241Am activities were detected above the method detection limit in all 

samples. As shown in Table 312 two of the nine duplicate samples failed DER tolerances for an 

overall precision of 78%. Because DERs were calculated using the laboratory instrument's 

counting error as the only source of TPU, this overall precision is considered acceptable. 

Am 24 1 

Table 3-2 Surface Soil Duplicate Assessment - Gamma Spectroscopy Results 

24 9 7 78% 

Laboratory Alpha Spectroscopy 

As indicated in this section, the precision results for 24'Am and 

goal of 85% compliance. However, as discussed subsequently, the precision results do not 

compromise the objectives of the investigation. 

239/240 Pu did not meet the project 

Surface Soils 

A total of 24 real and nine duplicate surface soil samples were collected from three double 

sampling HPGe measurement locations and were provided to the laboratory for alpha 

spectroscopy analysis for 241Am, 239/240Pu, and uranium isotopes. The frequency for duplicate 

sample collection for alpha spectroscopy analysis was met for this program. Am activities 

were detected above the method detection limit i n  all samples. As shown in Table 3-3 eight of the 

nine duplicates failed DER tolerances for 

Five of the nine duplicates failed DER tolerances for 241Am with an overall precision compliance 

of 44%. Uranium isotopes met the project's precision compliance goal. As with the laboratory 

gamma spectroscopy, DERs were calculated using the laboratory instrument's counting error as 

the only source of TPU. 

~~ 

~ 

. 

24 I 

2391240 Pu with an overall precision compliance of 11%. 



I '  

239/240 pu 

241 Am 
23x34 u 
235 u 
238 u 

Site Characterization of the Document Number: RF/RMRS-99-427.UN 

903 Lip Area, and Americium Zone Date: September 21, 1999 
903 Drum Storage Area, Revision: 0 

Page: 350f69 ' 

24 1 1 1 Yo 9 

24 9 

24 9 8 89% 

24 9 9 100% 

24 9 8 89% 

44% 4 

Table 3-3 Surface Soil Duplicate Assessment - Alpha Spectroscopy Results 

239/240 pu 

241 Am 
23W234 u 
235 u 
238 u 

349 19 9 47% 
34 9 19 13 68% 
34 9 19 19 100% 
349 19 19 100% 

AQ 

349 19 18 95% 

Substrrfcice Soils 

, 

A total of 349 real and nineteen replicate surface and subsurface soil samples and asphalt samples 

were collected from boring locations and were provided to the laboratory for alpha spectroscopy 

analysis for 241A~11, 239n40Pu, and uranium isotopes. The frequency for replicate sample collection 

(1 in 18.5) for alpha spectroscopy analysis was met for this program. As shown in  Table 3-4, ten 

of the replicates failed DER tolerances for 239n40Pu for an overall precision compliance of 44%. 

Six of the nineteen samples failed DER tolerances for 241Am for an overall precision compliance 

of 68%. All uranium isotopes met the project's precision compliance goal. Again, DERs were 

calculated using the laboratory instrument's counting error as the only source of TPU. 

Table 3-4 Radionuclide Subsurface Soil Replicate Assessment - Alpha 
Spectroscopy Results 

Discussion 

One source of the apparent imprecision of the radionuclide data may be attributed to the 

exclusion of sources of uncertainty beyond the instrument counting error. The DER calculation 

incorporates TPU that includes all uncertainties introduced froin sample collection i n  the field 
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through radiological analysis. However, the only uncertainty included in the TPU for this data 

quality assessment is the counting error at the.2-sigma level. This reduction in uncertainty in the 

TPU term leads to an exaggerated number of samples exceeding the DER of 1 :96. 

Secondly, when comparing the gamma and alpha spectroscopy DER results there appears to be an 

increased error associated with analyzing only an aliquot (0.25 to 2.0 grams) of the sample using 

alpha spectroscopy versus analyzing the entire sample (gamma spectroscopy). The overall 

precision for 241Am using gamma spectroscopy was 78% compared to 44% for alpha 

spectroscopy. Since the duplicate samples were collected from the same locations as the samples 

analyzed using gamma spectroscopy, a significant portion of difference in overall precision for 

Am between these two methods may be attributed to the heterogeneous distribution of 24’A~n 24 1 

on a small scale, as exemplified by this comparison. 

This heterogeneity is also obvious by comparing the surface soil “duplicate” sample results 

(Table 3-3) to the subsurface soil “replicate” sample results (Table 3-4). As can be seen from the 

subsurface sample program, the overall precision of “replicate” samples for 24’Am and 

(47% and 68%, respectively) are higher than the overall precision of “duplicate” samples (241Am 

at 1 1 % and 239/240 Pu at 44%). “Duplicate” samples were unique samples collected from adjacent 

Pu 2391240 

locations whereas “replicate” samples for subsurface soils were splits from the same recovered 
I core. The heterogeneous distribution of 241Am and 239/240Pu activities in surface soils is evident at 

these small intersample distances. Heterogeneity is also observed in the FIDLER survey results . 

(Section 4.1.3). 
~ 

~ 

~ 

~~~ 
~~ 

~~ 

~ 
~ 

~ 

Pu 239R40 Although it is clear that micro-scale heterogeneous distributions exist for 241Am and 

activities in surface soil, the high degree of correlation behveen the lower precision alpha 

spectroscopy results and the higher precision HPGe gamma spectroscopy results indicate 

insignificant impact to the regression “modelyy. With respect to subsurface soils, the distributions 

Pu activities do not indicate patterns anomalous to those expected from the site 

. 
239R40 ’ of 24’Am and 

conceptual model and/or historical data. 
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~ ~ - 

Volatile Organic ComDound Analysis (EPA 8260B) 

A total of 86 real and five duplicate subsurface soil samples (1 in 17.2) were collected and 

provided to the laboratory for analysis of VOCs. Therefore, the frequency for duplicate sample 

collection for VOC analysis was met for this program. Table 3-5 provides the number of samples 

collected under this program and the results of the RPD for the duplicate assessment. One sample 

pair detected VOCs i n  both the duplicate and associated real sample. The four other RPD 

calculations were conducted on sample pairs that had VOC detections in the real samples but not 

in the associated duplicate sample. The method detection limit was used in RPD calculations 

when no detections were found in the duplicate sample. Overall precision compliance for the 

VOC investigation was 60% where two of five duplicate sample sets were observed to exceed the 

RPD of 40%. Although the relative percent differences i n  concentrations between the real 

PCE 86 5 ’  3 60% 
TCE 86 5 3 60% 
CCL, 86 5 4 80% 

1,2-DCE ~ -86 5 3 60% 
.- 

duplicate samples for each of these analytes may be significant, the detected concentrations are 

all well below their respective current RFCA Tier I soil action levels, i.e. because of the relatively 

low magnitudes of the concentrations, imprecision does not affect overall project decisions 

relative to VOC contamination. 

Table 3-5 Duplicate Sample Assessments - Volatile Organic Compound Analysis 

Although the overall precision compliance is less than project completeness goals, precision of 

the VOC results is acceptable. The apparent imprecision noted is limited to values well below the 

Tier I soil action levels (i.e., between detection limits and 10% of Tier I soil action levels), and, as 

such, does not impact project decisions relative to nature and extent of VOC contamination in the 

soil. 

-1 

i 
I 
I 
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241Am 

235u 

2 3 8 ~  

3.3.2 Accuracy 

lnsitu Gamma 1 .o 0.38 - 1.43 
Spectroscopy 

Spectroscopy 

Spectroscopy 

lnsitu Gamma 0.5 0.36 - 0.72 

lnsitu Gamma ’ 5.0 1.31 - 6.49 

Accuracy is a measure of how closely an analytical or survey result corresponds to the true 

concentration or activity in a sample. Systematic uncertainties that affect accuracy, also known 

as bias, are also discussed in this section. 

In-Situ Gamma’Spectroscopv 

The accuracy of insitu gamma spectroscopy is corroborated through two methods of validation 

implemented for the project: systematic validation, and more importantly, performance 

validation, that is, through the use of comparing and correlating surface soil samples analyzed by 

laboratory alpha spectroscopy. The quality of the correlation, which exhibited a high correlation 

coefficient for linearity (Figure 2-5), validate the entire gamma spectroscopy measurement 

system relative to the site-specific matrix types and radiological levels of interest. 

The systematic validation of gamma spectroscopy results yielded no significant qualifications to 

the data. Detailed technical considerations and their effects on data quality are further detailed in 

the Appendix C under “903 Pad insitu Models and Uncertainties ”. 

Another measure of accuracy is determined by comparing the detection limit proposed to the 

actual detection limit reported for the sample results. Table 3-6 provides a comparison of 
, .  

detection limits for the Insitu Gamma Spectroscopy program. 

~ 
~ 

Table 3-6 Comparison of  Detection Limits - lnsitu Gamma Spectroscopy 
~ ~ ~ ~ 



Site Characterization of the Document Number: RF/RM RS-99-427. U N 

903 Lip Area, and Americium Zone September 21, 1999 
Page: 39 of 69 

903 Drum Storage Area, Revision: 0 
' Date: 

239/240pu 

241Am 
2 3 3 R 3 4 ~  

23511 

2 3 8 ~  

As can be seen in Table 3-6 the lower limit of the actual detection limit was met for all three 

radionuclides. The required detection limit was exceeded for 241An1 and 238U i n  a limited number 

of analyses; however, these exceedances do not significantly impact the results of the HPGe 

survey nor the resulting volume estimates. 

RCOI BOO1 0.3 0.028 - 0.122 
RCOI BOO1 0.3 0.0061 - 0.168 
RCOI BOOl 1 .o 0.015 - 0.472 
RCOI BOOl 1 .o 0.016 - 0.472 
RCOI BOO1 1 .o 0.008 - 0.643 

Laboratory Alpha Spectroscopy 

The accuracy of laboratory alpha spectroscopy data was evaluated with respect to detection 

limits. Table 3-7 provides a comparison between required detection limits and actual detection 

limits. 

Table 3-7 Comparison of Detection Limits - Alpha Spectroscopy 

As can be seen i n  Table 3-7 the actual detection limit was lower than the required detection limit 

for all radionuclides. Therefore, accuracy from alpha spectroscopy detection limits were 

adequate for all sample analyses for decision making purposes. 

Volatile Organic Compound Analysis (EPA 8260B) 

The accuracy of VOC data was evaluated with respect to detection limits. Table 3-8 provides a 

comparison between required detection limits and actual detection limits. 
~ 

~ 

~ 

The method detection limit was changed during the middle of the VOC Subsurface Investigation 

from.the mid-level detection limit (Method 8260B) specified in the SAP (RMRS, 1998b) to a 

low-level detection limit (Method 8260). The required detection limit of 740 ug/kg was exceeded 

for the target analytes in all samples from boring 96498, and in one sample each from borings 

96198 and 96298. The detection limit exceedance i n  samples from boring 96498 was due to 

sample analysis using the VOA-CLP, medium level, method. However, the actual detection limit 
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Carbon Tetrachloride 
Chloroform 

Cis-I ,2- 
dichloroetherne 

is lower than the current Tier I soil action levels for VOCs and therefore did not impact decision 

making. 

82608 740 5.0 - 1500 

82608 740 0.1 - 1500 
~ 

, 82608 740 0.1 - 1500 

Table 3-8 Comparison of Detection Limits - Volatile Organic Compound Analysis 

Methylene Chloride 
Tetracholorethene 

82608 740 1.4 - 1500 

82608 740 0.41 - 1500 

Trichloroethene 82608 . I . 740 0.31 - 1500 

During review of the data the following biases were noted that cause the data to be qualified. 

Two other types of QC samples were generated in support of the VOC subsurface soil 

investigation; equipment rinse blanks and trip blanks. Table 3-9 provides a QC summary for 

methylene chloride detected in an equipment rinse blank and the associated real samples. Per 

EPA guidance (EPA, 1989) the methylene chloride detections in the real samples are less than ten 

times the detection in the associated equipment rinse blank and will be qualified as non-detect. 

Although trip blanks were submitted and analyzed with real samples, no qualifications were 

required for the associated real samples. 

Methylene chloride was detected at estimated (J) concentrations in 16 samples (0.59 J to 410 J 

ug/Kg) at less then ~ the method reporting limit. However, the maximum detected concentration in 

a method blank from the entire sample data set is 860 ug/Kg. Using EPA guidance (EPA, i989) 

the concentration in the samples do not exceed ten times the maximum amount detected i n  any 

blank. Therefore, methylene chloride detections are considered a result of laboratory 

contamination. 

~ 

~~ 

~ 

~ ~ 

Acetone was not detected in the associated rinse or method blanks in several samples from boring 

97698 (99A8275), however, acetone may not be present in the sample because the continuing 

calibration verification criteria were not met. Acetone was detected in  samples from boring 

96398 (99A4 102) (ranging from 1,200 up to 3,300 ug/Kg). However, the'maximum detected 
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concentration in a method blank from the entire sample data set is 670 ug/Kg. Using EPA 

guidance (EPA, 1989) the concentration in the samples do not exceed ten times the maximum 

amount detected in any blank. Therefore, acetone detections are considered a result of laboratory 

contamination. 

Table 3-9 Quality Control Sample Summary 

I99A6650- 1 equipment 99A6650- 1 Methylene I no 

99A6650- 
003.002 

004.002 

005.002 

006.002 

99A6650- 

99A6650- 

99A6650- 

002.002 I chloride I 
I no 

no 

no 

no 

Methylene chloride 
detections in field . 

samples < I O  times the 
detection in the QC 
sample. Result will be 
qualified as non-detect 
(U) (EPA, 1989). 

The compound trichlorotrifluoroethane was detected in several samples from borehole 97698 

(99A8275). Detections of trichlorotrifluoroethane are not considered repeatable as the dilution 

results for this sample indicated trichlorotrifluoroethane was no longer present. The results were 

assigned the 5148 qualifier, as the associated value is estimated and the linear range of the 

measurement system was exceeded. Results were then adjusted with the dilution Contract 
~ ~~ 

~ Required Quantitation Limit and given the qualifier-UD, the associated value is considered ~ 

-~ 
~ ~ 

undetected at an elevated level of detection. 

PCE was detected in two samples from boring 95998, at 1,540 ug/kg and 343 ug/kg with an E 

(estimated) qualifier. When re-analyzed by the lab the PCE results were 3,060 ug/kg and I74 

ug/kg, respectively, with a D qualifier (dilution). 

Qualifications of VOC data did not affect accuracy or project decision making. VOC samples 

were analyzed iising an expedited turn-around to assist field decisions based on “Form- 1 ’s” faxed 

from the laboratory. Although VOC detection limits varied during the course of the project, the 

L 
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detection limits were lower than the current Tier I soil action levels for VOCs and therefore did 

not impact decision making. 

3.3.3 Representativeness 

Representativeness is evaluated by comparing the number and types of samples identified in th-e 

SAP with the number and type of samples actually collected. The number of samples required 

was based on meeting the DQOs of the characterization. Table 3-1 0 provides a comparison of 

planned samples vs. actual samples collected in support of the investigation. Table 3-1 1 provides 

a comparison of QC samples and.real samples collected for the investigation. 

As can be seen from Table 3- 10, all areas met or exceeded planned sample requirements with the 

exception of the HPGe survey .in the Lip Area and characterization of the asphalt and fill at the 

903 Pad by alpha spectroscopy. Surface soils in the Lip Area were characterized by twenty 

borings completed during the subsurface radiological program. Sample results collected from the 

0-6 inch interval were used to characterize surface soils in this area. Asphalt and fill samples 

were to be collected at all 25 boring locations within the 903 Pad. This number of samples was 

later determined to be excessive and the SAP was revised to include the collection of samples at 

nine randomly selected locations. 

As can be seen from Table 3- 1 1, the collection frequency of quality control samples was met for 

all analytical programs with the exception of trip blanks. Detections of VOCs in soil samples 

shipped ~ without ~ trip blanks are considered actual detections except where qualified previously as 

a laboratory contaminant. 
~ 

~ ~ 
~ 

~ 
~ 

~~~ 

~~ 

=~~~ 

~~ 

3.3.4 Completeness 

Completeness is typically expressed as a percentage, calculated as a ratio of usable results to the 

number of samples collected. One hundred percent of the .data were verified at the project level 

based on comparing usable data points with non- usable d,ata points (RMRS, 1998~).  

Completeness is 100% exceeding the project's goal of 90%. Additional sampling is not required 
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Table 3-10 Planned vs. Actual Sample Comparison 

lnsitu Gamma 
Spectroscopy 

Borehole samples from 0 
- 6 inch interval were 
used to characterize Lip 
Area east of the 903 Pad. 
This deviation from the 
SAP was approved by the 
agencies. 
Collected samples from 
two additional FOVs for 
correlation of HPGe 
samples and field quality 
control locations. 
Original estimate 
erroneously included 
samples of asphalt and fill 
for 25 boreholes. 
Reduced number of fill 
samples to same 
frequency as asphalt 
samples. This deviation 
from the SAP, was 
approved by the 
aaencies. 

1,200 

18 from 6 
FOVs 

150 

1,110 

24 from 8 
FOVs 

Lip Area and 
Americium 

Zone 

-90 

+.6 

-4 3 

Americium 
Zone 

Surface 
Soils 

903 Pad 
Radiological 

903 Pad 
Asp ha1 t 
903 Pad 
voc 

(Subsurface 

903 Pad 
voc 

903 Lip Area 
Radiological 

VOC) 

Alpha 
Spectroscopy 
and Gamma 
Spectroscopy 

Alpha 
Spectroscopy 

107 

Alpha 
SDectroscoDv 

0 9 

72 

9 

76 

~ 77 = 

Alpha 
Spectroscopy 

+4 Collected additional 
samples as a result of 
“stepout” borings. 

. ... 

~ 

+5 = Collected additional ~ 

samples as a result of 
“stepout” borings. 
Collected additional 
samples as a result of 
“stepout” borings. 
Collected additional 
samples as a result of 
“stepout” borings. 
Collected additional 
samples as a result of 
“ stepout” borings. 

Alpha 
Spectroscopy 

100 148 +48 

. 
Alpha 

Spectroscopy 
6 +3 903 Lip Area 

voc 

903 Lip Area 
voc 

6 +3 voc 



~ - 

\ 

Site Characterization of the Document Number: RF/RM RS-99-427. UN 

903 Lip Area, and Americium Zone Date: September 21, 1999 
Page: 44 of 69 

903 Drum Storage Area, Revision: 0 

Table 3-11 QC Sample Type, Quantity 

voc 

Americium Zone 
Surface Soils 

(H PGe) 

9 1 2 1 

Americium Zone 
Surface Soils 

(HPGe) 

Gamma 
Spectroscopy 

903 Pad 
Radiological 
(Subsurface) 

24 

903 Pad Asphalt 
(Subsurface) 

903 Pad VOC 
(Subsurface) 

903 Pad VOC 
(Subsurface) 

903 Lip Area 
Radiological 
(Subsurface) 

903 Lip Area 
voc 

(Subsurface) 

903 Lip Area 
voc 

(Subsurface) 

~ Project-Totals=- 

Alpha 24 9 
Spectroscopy 

3 

Gamma 24 
Spectroscopy 

9 0 

Alpha 107 
Spectroscopy 

6 4 

Alpha 
Spectroscopy 

Alpha 
Spectroscopy 

9 

76 

voc 77 

10 I 

0 9 l  

, 
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to meet the project objectives of estimating soil volumes exceeding action levels and 

characterizing surface soils to I O  pCi/g 24'Am. 
I 

3.3.4.1 Deviations 

Despite weather constraints and field activities conducted non-sequentially among the subsurface 

investigations of the 903 Pad, Lip Area, and the VOC program, quality control samples were 

collected at a frequency of one in 20 during the entire subsurface investigation. Trip blank 

samples for VOC, samples were reduced to a frequency of one trip blank for every 20 real VOC 

I 

samples, detections not associated with a trip blank will be considered actual detects. Two of the 

required VOC trip blank samples were missed. This deviation from the SAP is justifiable as the 

analytical data is adequate to characterize subsurface soil and thus is representative of the 

subsurface soil conditions. Gamma spectroscopy analysis of aqueous samples could not be 

performed on rinse blank water sainples. Two of the VOC investigation boreholes were not 

completed to bedrock due to refusal of the geoprobe sampling equipment at boreholes 96798 and 

97698. Data collected from these boreholes are adequate and representative of subsurface soil 

conditions. 

I i 3.3.5 Comparability 

All-results presented are comparable with historical sampling and analyses results. This 

comparability is based on standard methods (EPA-approved methods), systematic quality 

controls, and thorough documentation of the planning, sampling, and analysis process. 

' 

~~~~~ 
~~~ 

~~ 

~~ 

- - 
~ 

The comparability of two samples were questioned during the investigation. One sample from 

HPGe measurement location 104 at 3 meters (98A5590-001.006) was reanalyzed as sample 

98A5590-004.00 1 because 241Am results from the first analysis were elevated and not comparable 

to the other sample results collected at this location. One alpha spectroscopy sample result from 

boring 94298 (98A20 14-00 1.002) was rejected due to the MDA exceeding the RDL. However, 

sample results are reported high and are comparable to other native 1 soil radiological results and 

therefore are iisable. The rcinainiiig soil samples results'are comparable because consistent 
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sample collection activities and analysis were performed in accordance with the SAP (RMRS, 

1998) and procedures described in Section 2.0. 

3.3.6 Sensitivity 

Sensitivity was evaluated by comparing actual quantitation limits of the results with the 

regulatory or project-specific action levels required for decision-making. All analytical and 

radiological methods achieved adequate sensitivities based on quantitation limits well below 

regulatory thresholds, typically with a quantitation limit at less than 50% of the threshold. 

3.3.7 Summary 

In summary, the data sets acquired and evaluated for the 903 Pad Project were satisfactory for 

supporting the Data Quality Objectives. The following project objectives were achieved: 

1) Defining actinide activities that exceed 10 pCi/g 24'Am in surficial soils for waste 

volume estimates; 

Defining actinide activities in subsurface soil'that exceed Tier I & I1 RSALs soils 

for waste volume estimates; and 

Defining VOC activities in subsurface soil volumes that exceed Tier I soil action 

levels for waste volume estimates. 

2) 

3)  
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4.0 NATURE AND EXTENT OF CONTAMINATION 

The nature and extent of soil contamination related to releases from the 903 Pad has been 

evaluated by analysis of radionuclide and cheinical data obtained as described in Section 2. The 

primary objective of the investigation is to determine the areal extent and depth of radiological 

and organic contamination above Tier I RSALs and Tier I SSALs, respectively. Another 

objective of the investigation was to characterize 241Am in surface soils to 10 pCi/g using gamma 

spectroscopy field instrumentation. This characterization would allow for identification of 

surface soils exc'eeding Tier I1 RSALs. Remedial alternatives will be evaluated in the IWIRA 

decision document based on these criteria. 

Detailed descriptions of contamination in surface and subsurface soil are presented in this section. 

Results of the HPGe survey of the Americium Zone are presented in Section 4.1. Sections 4.2 

and 4.3 respectively summarize radionuclide and VOC soil data collected for the 903 Pad and Lip 

Area. Descriptive summary statistics of the data are presented in Appendix D. Electronic copies 

of analytical results are provided in Appendix E and Tier I and Tier IT RSAL SOR calculations 

are provided in Appendix F. 

4.1 SOIL RADIOLOGICAL CONTAMINATION IN THE AMERICIUM ZONE 

Results presented in this section are based on the double sampling technique in which HPGe 

measurements were correlated to alpha spectroscopy laboratory results. The linear regression 

between the HPGe results and laboratory results showed a high degree of correlation (R > 0.97), 
~ 

. and was therefore used to standardize each HPGe measurement to laboratory derived alpha = ~ ~~ 

spectroscopy results (see Section 2.2.2). This provided an accurate model for estimating 

radiological contamination in surface soil relative to Tier I and Tier TI RSALs at each survey 

location. 

4.1 .I Comparison of HPGe Measurements to Tier I and Tier II RSALs 

Based on 1,110 HPGe measurements in the Americium Zone (Figure 2-1), radiological 

contamination appears to extend approximately 1,050 feet east of the Lip Area. Surface soil 

contamitlation is defined by Tier I and Tier I1 RSAL exceedances, which are summarized in 
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Surface Soil 

Table 4-1. Using the best-fit regression model, nearly 37 % of the measurement locations exceed 

1110 4 41 6 

the Tier I1 RSALs. Less than 1 YO of the measurement locations exceed the Tier I RSALs. HPGe 

results and RSAL calculations are presented in Appendices E and F, respectively. 

Table 4-7 Frequency of RFCA Tier I and Tier I1 RSAL Exceedances-HPGe Survey 
Results 

The range of measured 24'Am, 239/240Pu, 23sU, and 238U activities ate presented graphically in Figure 

4- I .  Comparison of radionuclide results to Tier I and Tier 11 RSALs indicate that RSAL 

exceedances are due to elevated activities of 239n40Pu and 24'Am. For 23g/240Pu, activities range from 

6.32 pCi/g to 938.42 pCi/g with a mean value of 105.05 pCi/g. Approximately7% of the 239n40Pu 

measurements exceed the Tier I1 RSAL of 252 pCi/g. None of the 239/240Pu measurements exceed 

the Tier I RSAL of 1429 pCi/g. 241Am activities range from 4.91 pCi/g to 149.22 pCi/g with a 

mean value of 20.19 pCi/g. Approximately 10% of the 241Am measurements exceed the Tier I1 

RSAL of 38 pCi/g. Like 239n40Pu, none of the 241Am measurements exceed the Tier I RSAL of 215 

pCi/g. HPGe measurements for 235U and 238U were all below Tier I and Tier I1 RSALs. 

4.1.2 Spatial Distribution of Radiological Contamination in the Americium Zone 

~ 

~ ~ 
~ 

~ ~~~ 

~ 

~ 

Figure 4-2 shows the distribution of Tier I and Tier I1 RSAL esceedances in surface soil within 

the Americium Zone. The highest level of contamination as indicated by Tier I RSAL 

exceedances is isolated at a cluster of three locations near the northwest corner of the Americium 

Zone and at one location in the south central portion of the Lip Area. Tier I1 exceedances 

encompass nearly 37% of the Americium Zone Investigation Area. The HPGe also define the 

extent of soil contamination by bounding the area with survey results that are below Tier I1 

RSALs (Figure 4-2). The accuracy of the HPGe survey data is corroborated by historical data as 

discussed in Section 2.2.2.1. The I-IPGe data also indicate, as espected, iioncontaiiiinatecl areas 

74, 



Site Characterization of the Document Number: RFIRMRS-99-427.UN 

903 Lip Area, and Americium Zone Date: September 21, 1999 
Page: 49 of 69 

where clean fill was used for the road south of the cement and wetland areas, and for the road that 

903 Drum Storage Area, Revision: 0 

borders the western and northern perimeter of the Americium Zone. 

The Tier I and Tier I1 RSAL exceedances are associated with elevated activities of 239n40P~~ and 

241Am. The distribution of 241A~n  activities is shown in Figure 4-3. The highest activities of 24'Am 

exceed 140 pCi/g near the northwest corner of the Amcricium Zone. As shown, the distribution 

of 24'Am Tier I1 RSAL exceedances trend in  a northeast-southwest orientation, which extends 

from the southwest corner of the Lip Area to the north-central portion of the Americium Zone. 

The distribution of 239/240Pu activities in surface soil (Figure 4-4) is similar to that of the 24'Am 

activities, with the highest activities exceeding 900 pCi/g near the northwest corner of the 

Americium Zone. The pattern of Tier I RSAL exceedances is also similar to that observed for 

241Am, with a northeast-southwest trend of contamination. This trend is a result of contaminant 

deposition from the source area. The similar spatial configurations of 241Am and 239/240Pu are to be 

expected because 24'Am is a daughter product of weapons grade plutonium decay. 

4.1.3 FIDLER Surveys 

A FIDLER survey was conducted at HPGe measurement location 301 (Figure 2-1) where an 

isolated HPGe measurement (direct field measurement) exceeded the I O  pCi/g 24'Am decision 

level. The FIDLER survey was used to determine if the result was caused by the presence of a 

smaller area containing a hot spot. It should be noted that all 241Am activities discussed in this 

section are presented as direct field measurements. The activity of 24'Am from the in-situ HPGe 

measurement location 30 1 was 10.977 pCi/g and the surrounding HFGe measurements were less 

than 10 pCi/g. FIDLER survey results ranged from 1,224 to 2,841 cpm with a mean of 2,056 

cpm. Background measurements of 9 10 and 1,107 cpm for the two FIDLERs used for the survey 

were taken at the step-off pad on the north side of the Americium Zone, adjacent to the East 

Access Road. Because of the low level of 24'Am detected in the soil and two FIDLER 

instruments used for the survey, the results are qualitative at best. However, contamination 

appears to be homogeneous as would be expected at this distant location from the source where 

contamination is a result of wind dispersal of plutonium contaminated soil from the 903 Pad and 

Lip Area. 

~ ~ 

~ 
~~~ 

~~ 

~~ . 
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FIDLER surveys were also conducted at HPGe locations 460 and 462 (Figure 2- 1) where surface 

soils exceeded the RFCA Tier I RSALs. The surveys were conducted to determine whether 

contamination was homogeneous and widespread as suggested by the conceptual model, or 

heterogeneous consisting of numerous individual hot spots. The activities of 241Am from the in- 

situ HPGe measurements were 1 15.74 and 109.04 pCi/g for HPGe measurement locations 460 

and 462, respectively, and the surrounding HPGe measurements were less than 100 pCi/g. 

FIDLER survey results for HPGe measurement location 460 ranged from 2,928 to 17,039 cpni 

with a mean of 8,293 cpm. FIDLER survey results for FOV 462 ranged from 3,466 to 15,33 1 

cpm with a mean of 8,729 cpm. Background measurements of 1,430 and 2,127 cpm for the two 

FIDLERs were taken at the step-off pad on the southwest corner of the Americium Zone, adjacent 

to the access road for the old firing range. Because two FIDLER instruments were used for the 

surveys, the results are qualitative. However, contamination appears to be heterogeneous and 

consists of numerous individual hot spots as might be expected from soil disturbance, localized 

erosional paths, or depositional areas near the source of contamination. . 

4.2 

I 

SOIL RADIOLOGICAL CONTAMINATION .IN THE 903 PAD AND LIP AREA 

Surface and subsurface soil samples were analyzed for 24'Am, 239n40Pu, 233n34U, 235U, and 238U 

using alpha spectroscopy methods. Surface and subsurface soil samples were aggregated into 

four native soil horizons (Native 1 [O-6 in], Native 2 [6-12 in], Native 3 [ 12-18 in], Native 4 [ 18- 

24 in]), bedrock soil, and artificial f i l l  under the 903 Pad. Artificial f i l l  in the Lip Area was 

classified as Native 1 soil because native soil and artificial f i l l  could not be differentiated in the 

field. 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

~ ~ 
- 

~ ~ 

Based on the radiological results, contamination appears to be confined to the top 1.5 feet of 

native soil, and is most extensive in the Native 1 soil horizon. Table 4.2 summarizes the Tier I 

and Tier I1 RSAL exceedances. The frequency of Tier I and 11 exceedances decreases with 

increasing depth. No samples collected beneath the Native 3-soil horizon exceeded Tier I and 

Tier I1 RSALs2. Radiological data and RSAL SOR calculations for surface and subsurface soil 

are presented in Appendices E and F, respectively. 

Radiological sample results from the subsurface VOC investigation indicate no contamination above Tier 2 

I1 RSALs. Activities of all measured radionuclides from the VOC investigation were below 3 pCi/g. 
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Fill 

Native 

Native 1 

Table 4.2 Frequency of RFCA Tier I and Tier I1 RSAL Exceedances-Native Soil 
Results 

12 0 1 

72 0 0 
62 17 34 

AsDhalt I 9 I NIA I NIA I 

Native 2 

Native 3 

Native 4 

Bedrock I 12 I 0 I 0 I 

62 5 11 

62 0 3 

58 0 0 

4.2.1 Radionuclide Activities in Native Soils 

239t240 The range of activities for 241Am, 

Native 3 soil types are shown graphically in Figure 4-5. As discussed in the following 

subsections, the amount of contamination decreases significantly with depth. 

Pu, 233/234U, 235U, and 23sU in Native 1 ,  Native 2, and 

4.2.1 .I Native 1 Surface Soil Contamination 

The Native 1 soil has the most extensive contamination as indicated by activities of 241Am, 

Pu and 231U that exceed Tier I and Tier I1 RSALs (Table 4-2 and Figure 4-5). 238Uranium 

activities range from 0.49 pCi/g to 780 pCi/g with a geometric mean value of 1.99 pCi/g3. The 

239t240 
_ _ _ _ ~~~ 

_ _ _ _ ~  ~ _ ~ 
~- ~~ ~ _____ ~ _ _ -  _____ _____ 

~ 

high activity of 780 pCi/g is the only exceedance above Tier I and Tier I1 RSALs of 586 pCi/g 

and 103 pCi/g, respectively. Approximately 44 percent of the 

Tier I1 'RSALS. 

2391240 Pu and 241Am results exceed 

Pu activities range from 0.82 pCi/g to 152,260 pCi/g with a geometric mean value of 

146.69 pCi/g. For 239n40Pu, 15% of the samples exceed the Tier I RSAL of 1,429 pCi/g and 44% 

239040 

The data appear to, have a lognormal distribution, and therefore, a geometric mean is a better measure of 
the central tendency of the distribution. 
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24 I of the samples exceed the Tier I1 RSAL of 252 pCi/g. Am activities in Native 1 soil appear 

more extensive than that of 239Pu with activities ranging from 0.15 pCi/g to 3 1,670 pCi/g. For 

24’Am activities, 19.1% of tlie samples exceed the Tier I (215 pCi/g) RSAL and 47.1% exceed tlie 

Tier I1 (38 pCi/g) RSAL. 

4.2.1.2 Native 2 Subsurface Soil Contamination 

The Native 2 soil horizon is substantially less contaminated than the Native I soil horizon but still 

contains activities above Tier I and Tier I1 RSALs for 241Am and 239’240Pu (Figure 4-5). 

activities range from 0.14 pCi/g to 1,820 pCi/g with a geometric mean of 8.65 pCi/g. For 

239/240pu 

Pu, 0.03% of the samples exceed the Tier I RSAL (1,429 pCi/g) and 1 1 % of the samples 2391240 

exceed the Tier I1 RSAL (252 pCi/g). 24’Am activities range from non-detectable (0.03 pCi/g) to 

406 pCi/g with a geometric mean value of 1.79 pCi/g. 24 I Am contamination is similar to that of 

Pu contamination as indicated by frequency of exceedances of 0.03% and 1 1% above Tier I 2391240 

(2 15 pCi/g) and Tier I1 (38 pCi/g) RSALs. 

4.2.1.3 Native 3 Subsurface Soil Contamination 

The amount of contamination in the Native 3 soil is minimal relative to the Tier I1 RSALs (Figure 

4-5). Only one sample for 241Am exceeds the corresponding Tier I1 RSAL of 38 pCi/g. 

the Native 3 soil horizon ranges from non-detectable to 54.40 pCi/g with a median value of 0.23 

pCi/g4. Activities of 239’240Pu in the Native 3 soil horizon were below the respective Tier I and 

Tier I1 RSALs. 

24 1 Am in 

4.2.2 Spatial Distribution of Contamination 

Examination of the spatial distribution of contamination is useful for evaluating potential sources 

and contaminant migration pathways. This section discusses the spatial distribution of Tier I and 

Tier TI RSALs for Native 1 , Native 2, and Native 3 soil horizons. Also presented are the spatial 

distributions of 239/240 Pu and 241Am activities because of their exceedance of Tier I and Tier I1 

, RSALs. 
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4.2.2.1 Spatial Distribution of Radionuclides in the Native I Soil Horizon 

As shown in Figure 4-6, Tier I and Tier I1 RSAL exceedances (>1 for the sum of ratios) in Native 

1 soil are located throughout the 903 Pad and Lip Area. There is no distinct pattern to the Tier I 

and Tier I1 exceedances at the 903 Pad. Most of the southern boundary and portions of the 

northern boundary do not exceed Tier I1 RSALs. For the Lip Area, Tier I exceedances are most 

prevalent in the center area due east of the 903 Pad, with Tier I1 exceedances surrounding this 

area. Relatively “clean” areas as indicated by RSALs less than Tier I1 are located further to the 

east and south of the 903 Pad. Apparent spatial gaps in contamination may be explained by past 

remedial activities. For example, the soil in the Lip Area was graded back toward the 903 Pad 

during past remedial actions, and therefore the soil closest to the Pad is not as contaminated as the 

soil near the centraLportion of the Lip Area. Similar remedial activities i n  1984 removed 

contaminated soil in the western portion of the Lip Area. 

2391240 The RSAL exceedances are associated with elevated levels of 

shows the distribution of 241Am in the Native 1 surface soil. The highest 241Am activities exceed 

30,000 pCi/g and are centered near boring 91598 (Figure 4-7). However, as shown in Figure 4- 

7, the majority of the Native 1 soils in the 903 Pad (approximately half of the Native 1 soil) and 

Lip Area exceed the Tier I1 RSAL for 24’Am of 38 pCi/g. The distribution of the 

activities is similar to that of the 24’Am activities, with the highest activities exceeding 150,000 

pCi/g at boring 91598 (Figure 4-8). Like 241Am, the 239n40P~ activities are elevated with respect 

to the Tier I1 RSAL (252 pCi/g) in most of the Native 1 soil within the 903 Pad and 

approximately half of the Native 1 soil in the Lip Area. 

Pu and 24’Am. Figure 4-7 

239i240 Pu 

4.2.2.2 Spatial Distribution of Contamination in the Native 2 Soil Horizon 

Figure 4-9 shows the distribution of the Tier I and Tier I1 RSAL exceedances ( > I  for the sum of 

ratios) in the Native 2 soil horizon. The RSAL exceedances are not as ubiquitous as in the Native 

1 soil horizon. RSAL exceedances are isolated to an area around boreholes 91598, 91398,91898, 

and 91998 8 the 903 Pad and around several boreholes throughout the Lip Area (boreholes 

94998, 94S9S, 95198, 95398, 95498, 95598, and 97598). Like the Native 1 soil horizon, RSAL 

exceedances in the Native 2 soil horizon are associated with elevated levels of 2 4 1  Am and 239Pu. 
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24'Am activities exceed 400 pCi/g i n  the 903 Lip Area with the highest activity observed at 95 198 

(Figure 4-10). The distribution of Pu-239 in the Native2 soil horizon is very similar to that of 

24'Am (Figure 4-1 1). 239Pu exceeds 18,000 pCi/g (above the Tier I RSAL) at boring 95 198. 

Pu activities exceeding the Tier I1 RSAL (252 pCi/g) are distributed like the 24'Am activities 239/240 

(Figure 4-1 1). The 239n40Pu and 241Am activities in the Native 2 soil horizon are generally one to 

two orders of magnitude less than those observed in the Native 1 soil horizon. 

Historical grading activity at the 903 Pad likely explains the somewhat different 2 3 9 R 4 0 P ~  and 

24'Am distributions between Native 1 and Native 2 soils. For example, grading activities at . 

boring 91 998 may have redistributed contamination in Native 1 soil leaving higher contaminated 

soils in the Native 2 soil horizon. I n  the Lip Area, the amount of artificial f i l l  in the Native 1 soil 

horizon would explain higher activities in Native 2 soil relative to the Native 1 soil. 

4.2.2.3 Spatial Distribution of Contamination in the Native 3 Soil Horizon 

Figure 4-12 shows the distribution of the Tier I1 RSAL exceedances (>1 for the sum of ratios) i n  

the Native 3 soil horizon5. The amount of radionuclide contamination in the Native 3 soil horizon 

is significantly less than that in the Native 1 and Native 2 soil horizons. Tier I1 RSAL 

exceedances are isolated along the northern boundary of the Lip Area at borings 94898 and 

95 198. One other isolated Tier I1 RSAL exceedance is observed east of the 903 Pad at boring 

95498. Like the Native 1 and Native 2 soil horizons, the RSAL exceedances within the'Native 3 

soil horizon are associated with elevated levels of 24'Am and 239n40P~. 

~ 

~ 

~~ 

As shown in Figure 4-13, elevated levelcof 24'Amwith respGt to the Tier I1 RSAL (38 pCi/g) are 

observed along the northern boundary of the Lip Area at boring 94898. Another area east of the 

903 Pad near boring 95498 shows relatively high activities of 24'Am (up to 26 pCi/g) but these 

activities are slightly less than the Tier I1 RSALs6. The spatial distribution of 239Pu in the Native 

3 soil horizon similar to that of 241Am, (Figure 4-14). Although none of the 239n40Pu samples 

exceed Tier I or Tier I1 RSALs, the relatively high activities near borings 94898 and 95498 

contribute to the Tier 11 RSAL exceedances at these locations. 

. 

' Tier I RSAL exceedances were not observed in the Native 3 Soil horizon. 
Tier I RSAL exceedances for 24'Arn were not observed in the Native 3 Soil horizon. 
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Overall, the area of 241Am and 239n40Pu contam ination decreases significantly with depth. Despite 

nearly identical spatial trends, the 241Am-241 and 239Pu activities within the Native 3 soil horizon 

are an order of magnitude less than those within the Native 2 soil horizon. 

4.2.3 Radionuclide Activities in 903 Pad Asphalt and 903 Pad Artificial Fill 

Asphalt samples from the 903 Pad were collected to obtain preliminary estimates of the sample 

variance and mean for waste characterization purposes'. Random sampling techniques were used 

as an appropriate method to estimate the population mean and to determine the total amount of 

contamination. Nine asphalt samples were collected from sample locations randomly selected 

from the twenty-five 903 Pad subsurface soil sampling locations as shown in Figure 4-15. 

Asphalt thickness ranged from 0.4 to 0.7 feet with an average thickness of 0.5 feet. 

Twelve artificial f i l l  samples were collected from locations randomly selected from the twenty- 

five 903 Pad subsurface soil sampling locations as shown in Figure 4-16. Artificial fill thickness 

ranged from 0.3 to 0.9 feet with an average thickness of 0.'5 feet beneath the 903 Pad. Artificial 

fill results were compared to RFCA Tier I and Tier I1 RSALs. Samples were analyzed for 

233/234~, 235u, 2 3 8 ~ ~  2 4 1 ~ ~ ~  and 239/240 Pu using alpha spectroscopy methods. The descriptive 

summary statistics are provided in Appendix D. 

i 4.2.3.1 Radionuclide Distribution in Asphalt 

I The radionuclide activities in asphalt were low relative to the activities observed in the Native 1 

Soil horizon. As shown in Figures 4- 15 and 4 - 1  7, the activities for Am, Pu, 233R34U, 
- - - ~ 

~~ 

~ -- ~ 
~~ 

- - -  

-235 ~ U, and 

U are all below 1.5 pCi/g. The mean, standard deviation, and other descriptive statistics are 

- - 

I 
I summarized in Table 4-3. 

238 

Asphalt samples were not comparable to RSALs, which are based the physical and chemical properties of 7 

soil. Instead, waste disposal WAC requirements for asphalt will be based on the mean and variance. 
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Mean 
Geometric Mean 
Standard Error 

Table 4-3. Descriptive Summary Statistics for 903 Pad Asphalt 

0.81 0.05 0.75 0.16 0.07 

0.80 0.04 0.74 NIA 0.04 

0.05 0.01 0.04 0.13 0.03 

Standard Deviation 

Median I 0.78 I 0.04 I 0.75 I 0.03 I 0.04 

0.15 0.03 0.13 0.40 0.10 . 

Sample Variance 0.02 
~ ~~~ 

Kurtosis ~ 1.70 I 7.01 I -1.60 1 8.85 I 8.28 

0.00 0.02 0.16 0.01 

I Skewness I ' 1.22 I 2.46 I -0.08 I 2.97 I 2.84 

Coefficient of Variation 
Range 

0.19 0.72 0.17 2.42 1.46 

0.47 0.12 0.32 1.22 0.33 

I Minimum I 0.66 I 0.01 I 0.60 I 0.00 I 0.02 

Maximum 
Sum 

1.13 0.13 , 0.92 1.22 0.34 

7.27 0.42 6.74 1.48 0.63 

I Count I 9 I 9  I .  9 I 9  I 9  
Confidence Level 
(90.0%) 

0.08 0.02 0.07 0.22 0.06 

4.2.3.2 Radionuclide Distribution in 903 Pad Artificial Fill 

The ranges of activities for the measured isotopes in artificial f i l l  are presented i n  Figure 4-17. 

Overall, the radionuclide activities in artificial f i l l  are low relative to the activities observed in the 

Native 1, Native 2, and Native 3 soil horizons. However, one Tier I1 RSAL.SOR exceedance is, 

observed within the 903 Pad Area'at boring 9 1898 (Figure 4- 16). The Tier I1 RSAL exceedance 

is associated with elevated levels of 2 4 1 A ~ ~ ~  ( I  26 pCi/g) and 

exceed the respective Tier I1 RSALs of 38 pCi/g and 252 pCi/g. 24'Americiu~n activities in 

2391240 Pu (55s pCi/g), which both 
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artificial f i l l  range from 0.02 pCi/g to 126 pCi/g with a geometricmean value of 1 . I8  pCi/g. 

Elevated activities within the artificial f i l l  appear to be isolated around this single boring 

Geometric Mean 
Standard Error 
Median 

233/234 considering that the highest U (2.02 pCi/g), 23sU (0.49 pCi/g), 233R34U (2.77 pCi/g), and 

Pu ( 5 5 8  pCi/g) activities were also observed at boring 91898 (Figure 4-1 7). Descriptive 2391240 

summary statistics for the 903 Pad artificial f i l l  are presented in Table 4-4. 

1.02 0.06 1 .oo 5.78 1.18 

0.1 1 0.04 0.18 45.95 10.38 

0.98 0.06 1.13 4.48 0.85 

Table 4-4. Descriptive Summary Statistics for 903 Pad Artificial Fill 

Mode 
Standard Deviation 

I Mean I 1.06 I 0.09 I 1.15 I 53.75 I 12.01 I 

0.84 0.07 1.24 NIA NIA 
0.38 0.13 0.61 159.19 35.97 

Sample Variance 
Kurtosis 

0.14 0.02 0.37 25340.90 1294.08 

4.79 11.19 5.53 11.88 11.90 

Skewness 
Coefficient of Variation 

1.51 3.30 1.72 3.44 3.44 

0.36 1.43 0.53 2.96 2.99 

Range I 1.61 I 0.49 I 2.60 I 557.99‘ I 125.98 I 
Minimum ’ 

Maximum 
0.41 0.00 0.17 0.01 0.02 

2.02 0.49 2.77 558.00 126.00 

Sum 
Count 

12.25 1.00 13.33 642.14 143.51 

12 12 12 12 12 

NIA Not Applicable 

Confidence Level (90.0%) 

Number of Detections Above Tier I 
Number of Detections Above Tier II 

4.3 SUBSURFACE SOIL VOC INVESTIGATION 

0.18 0.06 0.29 75.59 17.08 

0 -  0 0 0 -0 

0 0 0 1 1 
- - -  

Seventeen boreholes were completed to investigate VOC contamination at the 903 Pad and Lip 

Area, which included the original 13 boreholes and four “step-out” borehol‘es (Figure 4-1 8). 

Subsurface soil VOC conlaminants of concein as identified in the SAP (RMRS, 1998a) include 

carbon tetrachloride (CC14), PCE, TCE, and 1,2-cis-dichloroethylene (1,2-DCE). Despite the 
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Carbon Tetrachloride 

PCE 

absence of DNAPLs during drilling, VOCs were detected at several boring locations. As shown 

in Figure 4- 18, detections of CCI4 ranged from 2.3 ug/kg in borehole 96698 (22.4 to 22.8 ft) up to 

5.3 ug/kg in borehole 96798 (20.4 to 20.8 ft). Detections of PCE ranged from 1.1 ug/kg i n  

borehole 97698 (8.2 to 8.6 ft) up  to 6,100 uglkg in borehole 90998 (3.8 to 4.0 ft). Detections of 

TCE ranged from 0.89 ug/kg in borehole 96698 (20.4 to 20.8 ft) up to 290 ug/kg in borehole 

90998 (3.8 to 4.0 ft). Detections of lY2-DCE ranged from 1.1 ug/kg in boreholes 96798 ( 12.5 to 

12.9 ft) and 97698 (8.2 to 8.6 ft) up to 4,400 ug/kg in borehole 90998 (3.8 to 4.0 ft). I n  general, 

the majority of the VOC detections were observed in the northeastern quadrant of the 903 Pad at 

borings 90998,95998, 96498,96698,97698, and 96798. VOC detections were also observed in 

the 903 Lip Area at boring 97298 and within the central portion of the 903 Pad at boring 96898. 

The ranges of VOC concentrations are presented in Figure 4- 19. 

, 

86 3 0 0 0 

86 19 0 1 7 

No VOC detections were observed equal to or greater than the current Tier 1 SSALs (Table 4-5). 

However, proposed SSAL revisions would be 1 to 4 orders of magnitude less than the current 

Tier I SSALs (Table 1-2). Given the proposed revisions, only one value (6,100 ug/kg observed at 

borehole 90998) exceeds the proposed Tier I SSAL for PCE (3,150 ug/kg). The VOCs that , 

exceed the proposed Tier I1 SSALs include PCE (3 1.5 ug/kg), TCE (32.8 ug/kg), and lY2-DCE 

(140 ug/kg) (Table4-5). As shown in Figure 4- 18, the proposed Tier I1 exceedances are observed 

at boreholes BH97698 (PCE), BH96498 (PCE), BH90998 (PCE,TCE, and 1,2-DCE), BH95998 

(PCE), and BH96798 (PCE). The proposed Tier I SSAL exceedances occur within a relatively 

small area around monitoring well 08891. PCE is the most ubiquitous of the contaminants, 

occurring at five of the borings. The depth of contamination (relative to the proposed SSALs) 

varies from the 3.8 feet ~ bgs ~ at borehole ~ BH90998 to 24.6 feet bgs at borehole BH95998. The 

proposed Tier I exceedaces that occur below the water table are observed at borings BH97698, 
~ 

~~ 
~ ~ 

~ BH95998, and BH96798. 

~ 

Table 4-5. Frequency of VOC SSAL Exceedances in Subsurface Soil. 
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TC E 

1,2-DCE 

86 7 0 0 1 

32 1 0 0 1 

Some of the deeper boreliole samples may reflect solute (dissolved) concentrations in 

groundwater rather than concentrations in  soil. Groundwater beneath the 903 Pad is relatively 

shallow with depth to water averaging approximately 19 feet below ground surface (bgs). During 

high flow regimes depth to water may decrease to 12 feet bgs. Therefore, it is likely that 

detections of CCL4, PCE and TCE observed at depths greater than 20 feet at boreholes 96698 and 

* 96798 may represent partitioning of VOCs between the aqueous and solid phases. In general, the 

presence of VOCs in subsurface soils below the water table is likely due to chemical adsorption 

from groundwater to the solid soil particles. 

The delineation of VOC contamination was optimized during the field investigation by the “step- 

out” boring approach (RMRS, 1998a). This decision making process was triggered by detections 

of VOCs above 10 percent of the respective current Tier I SSALs at any boring location. Such 

levels required an additional “step-out” boring approximately 20 feet in the upgradient direction 

from the boring where VOCs were detected at 10 percent of the current Tier I SSALs. Detections 

above 10 percent of the current Tier I SSALs were observed at borings 90998 and 95998. 

Borehole 90998 was completed as a shallow subsiliface radiological borehole to a depth of 4.0 ft 
and based on field instrument readings a soil sample for VOC analysis was collected at a depth of 

3.8 to 4.0 ft. As summarized above, the highest concentrations of PCE (6,100 ug/kg), TCE (290 

ug/kg), and 1,2-DCE (4,400 ug/kg) were observed in borehole 90998. Concentrations of 1,2- 

DCE and PCE were above 10 percent of the current Tier I SSALs. 

~ 

~ 

Borehole 96498 was completed to bedrock within one foot of borehole 90998 per the SAP 

(RMRS, 1998a) requiring completion of a shallow radiological borehole as a VOC borehole.if 

VOCs were detected above 10 percent of the current Tier I SSALs. Similarly, borehole 95998 

was completed to bedrock 20 ft in an upgradient direction west of boreholes 90998 and 96498. 

Detections of PCE (3,060 ug/kg), TCE (9.9 ug/kg), and 1,2-DCE (5.4 ug/kg) were observed in 

borehole 95998 at a depth of 5.0 to 5.6 ft. The concentrations of PCE that were observed in  
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borehole 95998 were above 10 percent of the current Tier I SSAL. Therefore, borehole 97698 

was completed in an upgradient direction 20 feet west of borehole 95998 in compliance with the 

SAP. Although PCE, TCE, and lY2-DCE were detected in  borehole 97698 none of the 

concentrations met or exceeded 10 percent of the current Tier I SSALs for the respective analytes. 
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LJ.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: BH900% 
Location - North: 7Jf%7/& East:aA %.- Area: 6.3 ? & / b + f w  
Date: 3/a 7/98 Total Depth. 3.5ff .  
Geologist: K O  KOEHCrK Company. TIERRA Project No G E d o v o c <  
Drilling Equip.: G&Of ROBE Sample Type. C o W C r  ous @RE 

P A G E L O F /  

Surface yevation: 5 9  7 6 C+.  

EG&G LOGGING SUPER 
APPROVAL DATE 6//z(/s d 

I- 

- 
I 
I- 

S $  
L SAMPLE DESCRIPTION 

i 
NCTES: General: S C S  is modified for !his log as follo&: 

Materials amounts are estimated by 7% volume instead of % weight. 
( 1 )  Baoly woken eve. aca~ra te  toorage measurements not possible. 
(2) Core breaks cannot be matched. accurate !ootage measurements not possible. 

_-... 6% . 



t'.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG ?AGE I OF) 

Surface levation': 5 017 7 
Area: Total Depth: S o  3 PY- 4.0 S/Cr/C8 

Company: T I M A  Projec: N O . : G E ~ @ ~ ~ ~  
Sample Type: COA/T)AJLJOU S C- ORE 

EG&G LOGGING SUPESVISOR 
APPROVAL f l  rt.. L A4L-J 

L 
i 

i 
I 

I 
t 
I- C 
I 

1 

SAMPLE DEXAIFTION 



- 
ROCKY FLATS PLANT BOREHOLE LOG 
6orehole Number: g r-f 9 O L q  3 Surface Elevation: 5 9 7 7 F t  

Drilling Equip.. A ' P ~  A Sample Type: T& 'c\*35 a r e  

P A G E I C F J  

East: 2 ~ 9 %  T7L? Area: 9 a  p=A 

Geologist: .&b- Company: T;m-c-- Project No..GE-boooo I 
Total Depth: 3. G 

EG&G LOGGING 
APPROVAL 1\1- 

[ I I I NOTES: General: USCS is modified for this log as follows: 

SAMPLE DESCRIPTION 

Malerials amounls are estimated by O'O volume instead of %weight 
( 1 )  Badly broken core. accurate foolage measuremenlS no1 ~ O S S i D l e  

I (2) Core breaks cannol be rnalched. accurale foolage rneauremenls no1 oossible 
r 

1 



I'.S. DEPARTMENT O F  ENERGY ROCKY FLATS PLANT FORM GT.1.A ( R E V .  1) 

ROCKY FLATS PLANT BOREHOLE LOG ?AGE _L  SF^ 
Surface ievation: 5 4 7 6  G+- .-- 

Area: ' 6 0  f 
Total Depth: 4.0 P- . 
Company: l-lmfi Frojec! No.GE bomOD 
Sample Type: r.OAJTIAIc/6U S aRE 

EG&G LOGGING SUPERVISOR 
A??FIOVAL 7;rMLdA 

7s - 
Q -  



I'.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.M (REV. 2) 

=AGE 1,  OF^ ROCKY FLATS PLANT BOREHOLE. LOG 
Borenole Numoer Surface v z i ; i k  5 k  
Location - North: East: 2-Q Area 

Geologisi. - Company T I ~ A  Projec: NO GEGooo*a 
Date 

Drilling Equip. 

EG&G LOGGING SUPERVISOR 
APPROVAL 23 DATE 

Total Deoth 

Sample Tvpe C.4111T/A/(/bU s C d R F  

I 

SAMPLE DESCi3IFTION 

I 



LJ.S. DEPAEtT;WENT OF ENERGY ROCKY F U T S  PLANT 

ROCKY FLATS PLANT BOREHOLE 
Borehole Number: ptfqOfi8 

East: 20 fl <L. /Q 

Geologist: x. t(0 eh&K 
OUJ CaRE Drilling Equip.: GE:oP19W& Sample Type: C O W L )  

Project No..GEboooob 

'EG&G LOGGING SUPERVISOR , 

T - 
1 .  
W .  a 

- 
. .  

c 4: 
0 
c 

SAM PLE DESCR I PTl ON 

- 6 . C  -1 I 

NCTES: General: USCS is modifiea :cr !his loa as follows: 
aMarerials amounts are estimakd by 0.6 volume instead of % weight. 
( 1 )  Saoly Woken c3re. acturale footage measurements no1 possible. 
( 2 )  Core breaks cannot be matched. accurate !ootage measurements no[ pcssibie. 

. " -_u .. 



I . .  

ROCKY FLATS PLANT BOREHOLE LOG PAGE 1 7  
Surface Elevation: 
Area: 90-3 p&+-OF- 

Borehole Number: 5 l-t qOhq@ 
Location - North: 749 I= East: & g < 6 f l 5  
Date: 021 293 Total Depth: ‘3 .F 
Geologist: .&b- Company. Tim Project No..GEdafloo 
Drilling Equip.. l i i o a c ,  A Sample Type: fh ‘r\kJoc)5 core 

EG&G LOGGING 
I _ _  

APPROVAL D A T ~  z f r 3 f ~  q L L -  

P 3 -  

Jcc I 

I NOTES: General: USCS is modified for [his log as follows: 

SAMPLE DESCRIPTION 

. .  

Materials amounts are estimated by 06 volume instead of % weight. 
( 1 )  Badly broken core. accurate footage measuremenls no[ possible. 
(2) core breaks cannot be matched. accurare.!ootage meaurementS no 

.A!; .: A . .  ..- \L, . _ _  .-;. :..i i .  .-:. .:.-. .. .. . . 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2) 
~ 

ROCKY FLATS PLANT BOREHOLE LOG 
Elorehole Number: B& 9 o39b Surface Elevation: 5917 F I  - 

PAGE J- OF,L 

Area: qC'2 ,?a 
Total Depth: 3.6 @- 
Company: Tamx Project ~o..GE6ooooi 
Sample Type. rp-h 'l \uo35 wre 

EG&G LOGGING SC(PERVIS0R 
-I 

APPROVAL h 4 - L  

I NCTES: , General: USCS is modified lor lhis log as follows: 

SAMPLE DESCRIPTION 

Materials amounts are estirnaled by "4 voiume instead of 06 wetghl. 
( 1 )  Badly broken core. acturale footage measuremenlS no1 ~ossiole 
(2) Core breaks cannol b e  matched. accurale !oorage meaSUremenIs no1 oossicle 



LJ.S. DEPARTMENT OF ENERGY ROCKY FWTS PLANT FORM GTJA (REV.  2) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE 1 OF/ 

Surface Elevation: 77 f f  .. 5 9 
d 

Company: TIERRA Project No.:G€dooo40 
Sample Type: CaAIT)AIJ 0 US @RF 

~ 

EG&G LOGGING SUPERVISOR 
APPROVAL DATE d/t.S-/%? 

I 

- 
I 
C 

8 "  
2 

" f 

urz , 

I l -  

L 

SAMPLE DESCRIPTION 

NCTES: Senerai: USCS is modified !or :?is log as follows: 
Materials amounts afe Pstirnatea by 06 voiume insiead of 4'. weignt. 
( 1 )  Badly broken c x e .  accurate footage measurements not possible. 
(2) Core breaks capnot be matcned. accurate footage measurements not pssstble 

._-..e I 



I'.S. DEPARTMENT OF ENERGY .ROCKY FLATS PLANT FORM GT.M ( R E V .  2) 

?AGE OF_L ROCKY FLATS PLANT BOREHOLE LOG 
aorenole Number: Surface levation: f I5 e f -  

Area: 6 0 3  

Company: T / E # R I )  Project N o . : G E d v o ~ c ~  
Sample Type: 

Total Deoth: q\o - 
r3JT~MC/OU $ f.a R F 

ZG&G 
APPROVAL DATE SI zs/sx 

SAMPLE DESCaI PTI ON 

N C T E Z .  Se?~:a:: L'SCS is mcdiiied ior inis loo as iollows: 
idaieriais arnoun!s.are esiirnaiec 3y 96 volume insread cf 0; weion:. 
( 7 )  3amv 3roKen x r e .  a c x a i o  iooiace measurements cor ~ C S S ~ ~ I P .  

i2: Sare xear(s :anno; oe ma:zxa. acxraie !sciage mezsur5rnen'r noi possible. 



EG&G LOGGING 
APFAOVAL i,?ATZ - %/2 5/$ a 

I I 

s %,M PL E C)E 3 c R I i= TI c N 



P A G ~ L O F ~  
79 f+- = Borehole Numbe Surface Elevation: <4 

Area: qo3 
Total Depth: ?~(.d f 5 

Location - North: 
Date: or174 6. 
Geologist: .&h Company: T;w Project No.. GEGOOOCJC 

ROCKY FLATS PLANT BOREHOLE LOG 

Drilling Equip.. 6'h~ & - b M - I  a411 Sample Type: cp.lt\ 'r\CrgdS 

EG&G LOGGING sueERvfiOR 

SAMPLE OESCAlPTlON 

L+...+:&. R g  =n%A 3- 
R =  d r  
J = S O L . ,  

NGTES General USCS is modiliea for this log as follows 
,Materials amounts are estimated by 46 volume instead of 96 weight 
; 1 )  Badly broken core, acturale footage measurementS nol possiole 
(2) Core breaks cannot be matched. accurate footage meaSurementS not possicle 



ROCKY FLATS PLANT BOREHOLE LOG PAGE';?- O F Z  

Borehole Number: 6 (e ( 4 8 

Drilling Equip.: A+- A Sample Type. fp-h '-a35 wre 

Surface Elevation: 5 9 7 4  f+- 
Location - North. ?'*o 64 East: & ? 9 g w  Area: qm?d 
Date: ~ ~ ( 6 9 t 3  Total Depth: 2 1 . Y  f 4- 
Geologist: .Lb Company T m  Project No G ~ 6 0 0 0 0 ~  

. 

EG&G LOGGING SUP 
APPROVAL DATE 2 / *3 /98  

I I I 
Y 

I , 

SAMPLE DESCRIPTION 

NCTES: General: USCS is modified for this log as follows: 
Materials amounts are estimated by 0'0 volume instead of 4/0 weighl. 
( I )  6adly broken core, accurale footage measuremen& no1 possible. 
(2) Core breaks cannol be  matched. accurate lootage measuremen& not possible. 



ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: & tcs(t49 
Location - Nonh: ?#9015,L/ East: 45-%<6E% * ' Area: 
Date: OZ(qqB Total Depth: 21. $ ek 
Geologist: .&b- Company: Tim Project NO.: LELUQ~Q( 
Drilling Equip.: A+m & Sample Type: fp.?t\ 'r\LwC)S wre 

PAGE L C F ~  
Surface Etevatign: 59 79 Pf . -7 

4- t'4 

EG&G LOGGING SUPERVISOR 
APPROVAL h .&A  DATE ./2'3 /q 8 

SAM PLE DESCR I P TI 0 N 

NOTES: General: USCS is modified for this log as follows: 
,Materials amounts are estimated by X volume insread of a/. weighl. 
( 1 )  Badly broken core. accurate footage measurements not 9ossiole. 
(2) Core breaks cannot be matched. accurale footage measurements no[ possicle 

I 
~~ 

. . . . .  



I1.S: DEP-TMENT OF ENERGY ROCKY FLATS PLANT FOELM GT.1A {REV. 2 )  

- 
ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: QH91Z90 Surface Elevation:_67 723 Ff . .  
Location - ~ o n h :  7.V90Gz E a s t : a < 7 L Q  Area: 903 fa 

Date: cLloq@ Total Depth: 3.F d?!- 
Geologist: 91 .?w~k-- Company: 5 a - n ~  Project No.. e 6 0 6 0 0  
Drilling Equip.: 6i'm & Sample Type. f 4  'flu035 core 

P A G E A c F  - I 

EG&G LOGGING 
APPROVAL DATE &3/9i1 

I 

..i; 

, I NOTES: General: USCS is modified for this log as follows: 

SAMPLE DESCRIPTION 

Materials amounts are estimated by 9'0 volume instead of 06 weight. K s  M!\ 

( 1 )  Badly Sroken core. accurale footage measurementS no1 possible. 
. (2 )  Core breaks cannot be matched. accurate footage measurements no1 possible. 



I1.S. DEPARTMENT O F  ENERGY ROCKY FLATS PLANT FORM GTJA (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG 
Surface levation. 5q77 F+ 
Area $ 6 3  P A P I  * 

Total Deoth Y,O 
Comoany T t m A  Projec: NO. GGL~cooo 
Sample Type C.dJTIAJtJ6U $ ChRE 

&f/CO 

EG&G LOGGING SCjPERVlSOR 
APPROVAL Z C a L L  d2 

SAMPLE DESCaIPTION 

GM 

i 



I 

/oo 

- ' i  

a. a 
11:2 
1.3 
rr:a 

I. a 
1 1 2  
d.3 
1t:a 
a. B 

I ._- 4 



I ~ 



['.S. DEPARTMENT OF ENERGY ROCKY F h T S  PLANT FORM GTJA (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG 
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5.0 SOIL VOLUME ESTIMATES BASED ON RSAL and SSAL 
EXCEEDANCES 

Volume estimates of radiological and VOC contaminated surface and subsurface soil are based 

on the areal and vertical extent of contamination above Tier I and Tier I1 RSALs and proposed 

SSALs. An ArcInfo, version 7.2.2, Thiessen polygon command (ESRI, 1999) was used to 

perform the in-place volume calculations. Remedial alternatives will be evaluated in the IMARA 

Decision Document based on these volume estimates. In-place volume estimates for the 903 Pad 

asphalt and artificial fill are also presented. 

Asphalt ~ 

Artificial Fill 

Total 

5.1 903 PAD ASPHALT AND ARTIFICIAL FILL VOLUME ESTIMATES 
I 

0.5 148,104 74,052 2,743 2,097 NA I NA ~ 

0.5 148,104 74,052 2,743 2,097 0 104 

296,208 148,104 5,485 4,194 0 104 

Characterization data for the asphalt covering the 903 Pad were collected for waste 

characterization profiling; data were not compared to Tier I or Tier I1 RSALs. The estimated in- 

place volume of asphalt is 2,743 yds3. The estimated in-place volume of artificial fill is 2,743 
. 

yds3. The amount of radiologically contaminated artificial f i l l ,  relative to Tier I1 RSALs, beneath 

the 903 Pad is estimated at 104 yds3. The 104 yds3 estimate is based on a 75 ft by 75 ft area 

surrounding boring 91 898 and a 6 inch thickness of artificial fill. Table 5-1 summarizes the 

estimated areal extent, depth, and in-place volumes of asphalt and artificial fill for the 903 Pad. 

Table 5-1 Summary of 903 Pad Asphalt and Artificial Fill Volumes* 

\ 

5.2 SOIL VOLUME ESTMATES BASED ON TIER I RSAL EXCEEDANCES 

A composite map of,the areal extent of Tier 1 RSAL exceedances i n  soil is presented in Figure 5- 

1. As shown, soil with radionuclides exceeding the Tier I RSALs is located at the 903 Pad, east 

of the 903 Pad in the Lip Area, and sporadically in the southern portion of the Lip Area and 

, 
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western portion of the Americium Zone. Table 5-2 summarizes the estimated areal extent, depth, 

and in-place volumes of soils exceeding Tier I RSALs by IHSS. The areal extent of 

903 Drum Storage Area, Revision: 0 

I 
I 

I radiologically contaminated soil (relative to Tier I RSALs) is 157,908 ft2. Depth of 

contamination varies from 0 to 6 inches to 0 to 12 inches throughout the investigation area. 

Based on the areal and vertical extent of Tier 1 RSAL exceedances, the total volunie of in-place 

radialogically contaminated soil is 2,924 cubic yards (yds3). The in-place volumes of 

contaminated soil by IHSS as follows: 1,268 yds3 for the903 Pad; 1,598 yds3 for the Lip Area; 

and 100 yds3 for the Americium Zone. 

I 

I 

Table 5-2 Summary of Radiologically Contaminated Soil Volumes*-Tier I RSAL 
Exceedances 

Native 1 0.5 62,953 31,477 1,166 891 

Native 2 0.5 5,532 2,766 102 78 

ITotal' . I I 68,4851 34,2431 1,2681 970 

Native 1 0.5 54,260 27,130 1,005 , 768 

Native 2 0.5 32,044 16,022 593 454 

ITotal I I ' 86,3041 43,1521 1,5981 1,222 

Total 0.5 5,395 2,698 100 76 

Grand Total 157,908 78,954 2,924 2,236 

Note: < Assumptions: ' Excludes Asphalt and Artificial Fill. Thiessen polygon, Arclnfo software used to 
~ 

~~ 

- - ~ _  Volumes represent materials in-place ~ estimate area. ~- 

5.3 SOIL VOLUME ESTIMATES BASED ON TIER I I  RSAL EXCEEDANCES 

A composite map of the areal extent of Tier 11 RSAL exceedances in soils is presented in Figure 

5-2. As expected, contamination above the Tier I1 RSALs is much more extensive than that of 

the Tier I RSAL exceedances. In general, Tier I1 RSAL exceedances encompasses most of the 

903 Pad, the Lip Area, and the Americium Zone. Tier I1 RSAL exceedances in two portions of 

the Lip Area extend down to the Native 3 soil horizon, a depth,of 1.5 feet. Figure 5-2 shows the 

areal extent of the Tier I1 RSAL exceedances for the Native 1 (0 to 6-inch), Native 2 (6 to 12- 

. 

\ 
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Native 1 I 

Native 2 

Total' 

~~~~~ 

inch), and Native 3 (12 to 18-inch) soil horizons. Table 5-3 summarizes the estimated areal 

extent, depth, and in-place volumes of soils exceeding Tier I1 RSALs by IHSS. 

0.5 11 1,676 55,838 2,068 1,581 

0.5 21,738 10,869 403 308 

133,414 66,707 2,471 1,889 

The areal extent of contaminated soil (relative to Tier I1 RSALs) is 797,167 ft2. Depth of 

contamination varies from 0 to 6 inches to 0 to 18 inches throughout the investigation area. 

Based on the areal and vertical extent of Tier I1  RSAL exceedances, the total volume of in-place 

radiologically contaminated soil is 14,762 yds'. A depth of 6 inches was used to estimate 

volumes of soil i n  the Americium Zone. Radiologically contaminated soil volumes based on Tier 

I1 RSAL exceedances are summarized in Table 5-3. 

Native 1 

Native 2 

The in-place volumes of contaminated soil by IHSS are as follows: 2,471 yds3 for the 903 Pad, 

5,267 yds3 for the Lip Area; and 7,025 yds3 for the Americium Zone. 
Y 

0.5 209,689 104,845 3,883 2,969 

0.5 52,790 26,395 978 747 

Table 5-3 Summary of Radiologically Contaminated Soil Volumes*-Tier I I  RSAL 
Exceedances 

~ 

Native 3 0.5 , 21,941 10,971 406 31 1 

Total 284,420 142,210 5,267 4,027 

Total 

Grand Total 

0.5 379,333 189,667 ' 7,025 5,371 

797,167 398,584 14,762 11,287 

Note: Assumptions: 
' Excludes Asphalt and Artificial Fill. Thiessen polygon, Arclnfo software used to 

estimate area. Volumes represent materials in-place 
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5.4 SOIL VOLUME ESTIMATES BASED ON SSAL EXCEEDANCES 

VOC contaminants of concern (CCI4, PCE, 172-DCE, and TCE) did not exceed the current Tier I 

SSALs. However, as discussed in  Section 4.3, PCE exceeds the proposed Tier I SSAL in boring 

90998 (Figure 4- 18). Proposed Tier I1 SSAL exceedances for PCE were also observed in five 

borings east of well 08891. 172-DCE exceeds the proposed Tier I1 SSAL in boring 90998. The 

areal extent of contamination was bounded one-half the distance between adjacent borings where 

VOC results were below their respective SSALs, and by the edge of the 903 Pad to the east. 

Several proposed Tier I1 SSAL exceedances were observed below the water table (average depth 

to water is 19 feet bgs) at boreholes 95998,96798, and 97698. VOC contamination below the 

water table will be addressed under the groundwater program. 

5.4.1 Soil Volume Estimates Based on Tier I SSAL Exceedances 

A composite map showing the areal extent of contamination as defined by the proposed Tier I 

SSALs is presented in Figure 5-3. The depth of VOCs that- exceed proposed Tier I SSALs is 

assumed to extend from the natural soil surface below the top of the asphalt to 4.0 feet bgs (a 

thickness of 3.0 feet). This is a valid assumption given that VOC samples were not collected 

above the four-foot sample interval. Based on the areal extent of the Tier I SSAL exceedances 

(5,017 ft2) and a thickness of 3.0 feet, the total in-place volume of contaminated soil is 557 yds3 

(Table 5-4). 

~~ ~~ 

~~ ~ ~ 5.4.2 Soil Volume Estimates Based on Tier II SSAL Exceedances ~ 

~ 

A composite map showing the areal extent of contamination as defined by the proposed Tier I1 

SSALs is presented in Figure 5-3. The areal extent of proposed Tier I1 SSAL contamination is 

slightly more extensive than that of Tier I SSAL contamination. The depth of VOCs that exceed 

Tier I1 SSALs is assumed to extend from the natural soil surface below the asphalt to 13.9 feet 

bgs (a thickness of 12.9 feet). This assumption includes natural soils from the 1 foot to 4 foot 

interval where samples were not collected. Based on the areal extent of the Tier I1 SSAL 

exceedances (7,464 ft2) and a thickness of 12.9 feet, the total in-place volume of contaminated 

soil is 3,566 yds3 (Table 5-4); 

' 
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5.5 SOIL VOLUME ESTIMATES BASED ON RSAL AND SSAL EXCEEDANCES 

Two small areas within the 903 Pad contain surface soil with elevated levels of both 

radionuclides (RSALs) and VOCs (SSALs). Soil exceeding proposed SSALs occur in the two 

areas shown in Figure 5-3. Soil exceeding Tier I and Tier I1 RSALs are provided in Figures 5-1 

and 5-2, respectively. Comparing these figures with Figure 5-3 shows that there are areas where 

both RSALs and SSALs exceedances overlap. Proposed Tier I SSAL exceedances in natural 

soils occur to a depth 4.0 feet. Tier I (and consequently Tier 11) RSAL exceedances in natural 

soils are present to a depth of 6 inches in this area. Therefore, an estimated total of 93 yds3 

(5,017 ft’ x 0.5 ft) of soils exceed both Tier I (and 11) RSALs and proposed Tier I SSALs. 

Proposed Tier I1 SSAL exceedances in natural soils occur to a depth 13.9 feet. Tier I (and 

consequently Tier 11) RSAL exceedances in natural soils are present to a depth of 6 inches. 

Therefore, an estimated total of 138 yds3 (7,464 ft’ x 0.5 fi) of soils exceed both Tier I and I1 

RSALs and proposed Tier I1 SSALs. 

5.6 SOIL VOLUME ESTIMATES BASED ON SSAL EXCEEDANCES 
EXCLUDING RSAL EXCEEDANCES 

This section provides volume estimates of VOC contaminated soil (relative to SSALs) below the 

Native 1 Soil horizon where radiologically contaminated soil (relative to RSALs) is present. The 

total in-place soil volume estimates, therefore, excludes the radiologically contaminated Native 1 

Soil addressed in Sections 5.2 and 5.3. = 

~ 

~ 

~ 
~~ ~~ 

~ ~ 

Soil exceeding SSALs occur in two areas within the 903 Pad (Figure 5-3). Proposed Tier I SSAL 

exceedances in natural soils occur to a depth 4.0 feet below top of asphalt. Therefore, excluding 

the upper 1.5 feet of radiologically contaminated soil, the artificial f i l l  and the asphalt (2.5 foot 

depth interval), a total of 464 yds3 (5,017 ft’ x 2.5 ft) of soil is estimated to exceed Tier I SSALs. 

Proposed Tier I1 SSAL exceedances in natural soils occur to a depth of 13.9 feet below top of 

asphalt. Excluding the upper 1.5 feet of radiologically contaminated soil, the artificial f i l l  and the 
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asphalt (12.4 foot depth interval) a total of 3,428 yds3 (7,464 ft2 x 12.4 ft) of soils is estimated to 

exceed Tier I1 SSALs. 

Area with Soils . 

Greater than Tier 
I and II RSALs 
Area with Soils 
Less than Tier II 
RSALs 

Table 5-4 Summary of Tier II SSAL Exceedances 

0 93 138 

0 464 3,428 

Volumes represent in-place volume. 
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Sample Type: f.Odu;IAlc/oU S c O R E  

EGaG LOGGING SUPERVISOR 
APPROVAL DATE d/Z5/9 2 

0.3 - 

NCTES: Genera:: GSCS :s modiiiec is: inis log x ;allows: 

SAMPLE DESCFIIFTIGN 

e 



C'.S. DEPPLRTMENT OF ENERGY ROCKY FWTS PLANT FORM G T . ~ A  (REV. 21 

ROCKY FLATS PLANT BOREHOLE LOG ? A G E _ J O F ~  

Borenole NurnDe Surface levation. 547b Ff- 1 

Area: 6 ~ 3  P A ~ / L ~ P  A /c*c 
Total Depth. 3.0 4%. 
Company Projec: No & b o w O D  
Samoie Type C.6hJT/AIc/6U s CORE 

EG&G LOGGING SUPERVISOR 
APPFiOVAL 

I 

SAMPLE DESCRlFTlON 



. . .  

~ 

Borehole Numb& 
Location - North: /It 
Date: 'i>ri\led: qa l b 4 B  SEW*\( 

_.  

EG&G LOGGING SUPERVISOR 1 

Y- 
ni 

t 
3 
3 

F 
21 6~ 
a. oc 

SAMPLE DESCRIPTION 

4 3 J  f/ Y 

IIOTES- Genera:: USCS is modified lor this loo as iollows 
tJ:aieriais an ioum are esiiniatzd bk* O., .:;isme i--,:ead 0 1  :> :*;eigh:. 
( 1 )  Badiy broken core. accurait looiaoe measuitrnents ncj; possib!e 
(2) Core breaks cannol be ma:ched. a:cu:ate ! x q e  measuremrr.:; not ~ 0 : ; : ; : ~  



EG&G LOGGING SUPERWSOB , -_ . 
APPROVAL muk 

SAMPLE DESCRI PTI ON 





t 
. -0  

-0.5 - 

-/to- 

- / ,5  - 
-AD- 

- 2 s -  
2.c- x 

. .  . :. . 
.,, .. & .  

. .̂ .., 

. . .  . . . . .  . .  .-. .-,..;.. ..+,,-. . .  . . . . . . .  ,::, .: ...... ...... ...... :. , 

~. .. . . . . . . . . . . . . . . . . . .  

NOTES. General: USCS is modified for this log as follows: 
Materials amounts are estimated by % volume instead 01 % weight. 
(1 )  Badly broken core. accurate footage measurements no1 possible. 
(2) Core breaks cannot be matched. accurale loolage measuremenls not posslole. 



. . .  . . . .  . . . .  . . .  . . . .  . . . . . .  ,.,I.;.,:. : : . .  

5u'rfice Elevation:,. 5 YIP ' 
- Arex .-.. ....... - 403 . f A P  ... 

'tl 
. . .  - Total Depth: % e 0  #- . . . .  

- 
I 

[ B.1 
a 
0 I- 

W 0 

... 

NOTES: Genera:: USCS is modifiea for (his loa as follows: 
Materials amounts are e s h a i e d  by "/b volume instead of Yo weigh1 
( I )  8adiy broken core. accurate footage measuremen& not possible 
(2) co:s breaks cannot be nialched. atcurale foolage measuremefix no1 poss:31e 

- 



U.S. DEPARTMENT OF ENERGY ROCKY FLITS P U N T  FORM PRO.iolA 

RMRS LOGGING SUPERVI: 
APPROVAL h b k  b 

I 
I 

rOTES: General: USCS IS modified for this log as IoUom: 
Mater& amounts are estunated by 2‘. vdwna instead 01 2‘- weight: 
( 1 )  Badly brorten cme. m r a l e  footage measuremenfs no1 possible. 

Procedure %o. FLVRS/‘OPS-PRO- 10 I 
Revision 0 

Dare effective: IX 1/98. 
Page 27 of 7-8 (2) a r e  breaks canno1 De matched. amra1e footage measuremeno no1 possible. 

0 



4 

17'11 

g m ,  
Geologist: a. R-3 
Drilling Equip.: G c b ~ c o  b e  ' - 

! .... . :. 

At - 
-/. . . .  iq 

j.8 a 
- u  2 
io- 

. 

NOTES Genera! USCS IS modified for this log as follows: 
Materials amounts are estimated by % volume instead 01 % weight 
( 1 )  Badly broken core, accurate footage measurements no1 possible 
(2) Core breaks cannol be matched. accurale loolage measuremcnls not poss~oie 



. .  

2.m 
t w  

...... 
. '. 

.... +,-. . ' .I;.. 

IOTES: General: USCS is modified for this log as l o l l o ~ s :  
Malerials amoun:s are estimated by % volume instead 01 % weight. 
(1) Bad+ broken core, accu:ate lootage measuremen& not possib!e. 
(2) Core breaks cannot be -arched. accurate footage mexuremcr,s  not pOsji>:? 

. .  

. . .  . . . .  



r -  I 

U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PR0.101~ 

RMRS LOGGING 
APPROVAL 

'5P 

AYI 

SAMPLE DESCRIPTION 

I .  

, 
\ 

NOTES: General: USCS is modified for this log as loUows: Procedure No. RMRSIOPS-PRO.IOI ' 

Marerials amounls are estimated by Y. vdume instead of Y. weight. 
( 1 )  aadly broken core. accurate footage measurements not possible. 
( 2 )  &re breaks tannot be matched. accurale lootage rneasuremens not possible. 

Revision 0 
Date effective: 1212 1/98 

Page 27 of28 



. . . . .  . . . . . . . .  ... . . . .  . :. . .  r. ;. . . . .  ; . .  
. .  % . . .  

$::(REV:.: I '. 
. . . .  .:! 2 . . . . . . . .  

. .  

. . . .  : .. 
I$P!.OF ENERGY . ROCKY 4?E@& 3 

Y Surface Elevation:. =-!-= 

1 

- Total Depth: 

5 -  

'< 
SAMPLE DESCRIPTION 

P 

NOTES General USCS IS modified for this log as lollows 
Materials amounts are estimated by % volume instead 01 % weigh! 
( 1 )  Badly broken core, accurate footage measurements not possibl: 
(2) Core breaks cannot be matched. accurate footage measuremen'; not >le 

- 

Ill 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PR0.101~ 

0 4  

RMRS LOGGING SUP€ 
APPROVAL 

NOTES: General: USCS is modified for [his log as follows: 

DATE 7-2-99  

SAMPLE DESCRl PTl ON . .  

Procedure 30. LVRS;OPS-PRO. 10 I 
Materials amounts are estunared by $: vdume instead of Y. weight. 
( 1 )  sadly brolten core. accurate footage measurements nor possible. 
(2) Core breaks cannor be matched. accurate footage measurements nor possible. 

Revision 0 

Date effec:ive: 12/3 1/98 
page 27 of 21 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PR0.101~ 

VOTES: General: USCS is modified lor this log as lollom: 

DATE 7 - 2 - q q  

SAMPLE DESCRIPTION 

Procedure No. RMRSIOPS-PRO. 10 1 
Materials amounts are estimated by Y. volume instead of % weight. 
( 1 )  Badly broken core. accurate footage measurements no1 possible. 
(2) Core breaks cannot be matched. accurate footage measurements not possible. 

Revision 0 

Date effective: 1213 1/98 
Pace 27 of 28 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PRO.IOIA 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG 

L- -North: 74'9 Z b 8  East: z08,!2/5/8 
Date: j -  3-/7-?9 
Geotogst: 7 ~ U T N  Sfl &R Zroiect NO G€6&( 
'Drilling Equlp. &PO PROBE M Z , e ~ a m ~ ~ e  Type: C O / U ~ / A V & U ~ ~  

P A G E L O F  
Borehole Number: Bflsr? 96? Surface Elevation: 5 9  7l7 F f  

' 

Area: 
Total Depth: 

9&*3 P& L #'/ & r e s  

RMRS LOGGING SUPERVISO 
APPROVAL 

NOTES: General: USCS is modified for this log as toliows: 

DATE 7-2-017 

SAMPLE DESCRIPTION 

Procedure Yo. RMRS;OPS-PRO. IO I 
Revision 0 Marerials amounls are estimatod by 7" volume instead of 7" weight. 

( 1 )  Badly broken core. accurate footage measurements not possible. 
(2) Core breaks Cannot be matchbd. accurate foolage measurements not possible. 

Dale effec:ive: 12!3 1/98 
' Page 17 of 28 



U.S. DEPkRTMENT OF ENERGY ROCKY FLATS PLANT FORM PR0.101~ 

RMRS 
APPROVAL 

SAMPLE DESCRIPTION 

IOTES: General: USCS IS modified for this log as follows: 
Materials amounts are estimated by Y. vdume instead of Y. weight. 
( 1 )  Badly broken core. accurate footage measurements not possible. 

Procedure No. FLMRSiOPS-PRO. 10 1 
Revision 0 

Date effective: 121: 1/98 - 
, (2) Core breaks cannot be matched. accurate lootage measurements not possible. Paee 27 of 28 



I 1!.5. D E P A R T M E N T  OF ENERGY ROCKY FLATS PLANT FORM PRO.lOlA 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG 

Location - NoRh: 7+9/# 0 East: W S S 9 9 3  Area: d93 
Date I- 3-99 6 - ? - P 9  
Geologist ,ornoany 
Drilling Eauio 6..&~&& E flfl/& && 

'AGE L O O F 3  
Borehole Number: Fh&9 yg Surface ?vation: 5 9  7b F f 

'olal Oeolh 2580 f+ 
=*met: Yo 6 ~ 6 ~ D o c  

A%&&VC 

- 
/ 

APPROVAL 

NOTES: General: VSCS is moaifiea for lhts log as loUows: Procedure Yo. iLVRSiOPS-PRO. I O  I 
Revision 0 

Page 27 of 78 

Materials amounts are estimared by */. volume instead of 7% wetghl. 
( 1 )  Badly broken core. accurale footage rneasurementS nof possible. 
(2) a r e  oreatcs cannol 3e rnatchea. accurate footage measurements not possible. 

Date effective: I ?!; 1'98 



\ 

U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

u 

FORM PR0.101~ 

PAGE z O F 3  ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG 
Borehole Number: Surface Elevation: S 9  7b Ff 

Date: 
Area: ?d 3 PZw 
Total Depth. 2 5,  Q f j  

Company: FEP/QA 
Sample Type “ & / ~ / f i ~ d J  

Proiect NO .6&6cm 0 
Drilling Equip.. &OPRDb’ E m,AL bA?L 

NOTES: 

SAMPLE DESC8IPTION 

9 ..V& &i&4-y 

General: USCS is modified for this log as follows: 
Materials amounts are estimated by 96 volume inslead of 06 weight. 
(1) %idly broken core, accurate footage measurements not possible. 
(2) G r e  breaks cannot be matcheo. accurate tootage measuremen& not possible. 

Procedure NO. XMRS;OPS-PRO.~O’ 
Revision 0 

Dare effec:ive: I?/?  1/98 
Page z? of 28 
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US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM G T . U  (REV. 2) 

- ' ROCKY FLATS PLANT BOREHOLE LOG P A G E L o F _ z ,  
Surface evation: 5 9  78 ff 
k e a :  %IZ:~+ 
Total Depth: 
company: ' T E ~ R A  Project NO.: & b o d  

Borehole Number: ,&' F@ Fg 

- Geologist: ? 1 I L / , ~ L ? R ~ ' A  
Drilling Equip.: C;'COPR oAE-  D& a/ &G// Sample Type: Cd&../-UWUs 

4 'U 

m 

~ 

SAMPLE DES C R l PTl ON 

\IOTES: General: USCS is modified lor this log as follows: 
Materials amounts are esumated by '?& volume instead of '6 weiqht. 
(1)  Badly broken core, acturate footage measurements not possible. 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

ROCKY FLATS PLANT BOREHOLE LOG 
8orehde Number: 8H 96B 98 
Location - N9th749 2 11 ~4kEaj j t  ZOf35.b / Z 
Date: IC7 2779 s * / I d  io/92? Total Depth- 
Geologist: / I  irxI SPEH Company: 77- Project NO.: 

Drilling Equip.: & ~ P R ~ R  /= && d h&L SarnpleType: f d  u7IMDUu5- 

PAGEL= 
Surface E evation: S 9 7 
k e a :  403 7;- 

EG&G LOGGING SUP 
APPROVAL DATE 7-6 - 9 

00 Y 
310 
?Id 

C - I  

IOTES: General: USCS is modified for this log as lollom,: 
Malerials.amounls are estimated by ",: volume instead of % weight. 
(1) Badly broken core, acturate foolaqe measurements not possible . .  .. . . .  ... - . . 



n L- 

7 '  - 
I I !  
' n  ! I 

i :*Ad - 
! 

I 



1'.3. DEP.4RT;ME;VT OF EYERGY ROCKY FLATS TL-LVT FORM G T . U  [E,-. 2)  

- 

& 
4. 
cu? 

h 

-I_-^-- : > kl F '- = L t : L .-. I FT; C N 



I- 



[r.S. ,DEPART;MEZ(T OF EXERGY ROCKY FLATS PLAYT FOR' G T . U  (UV. ' 2 )  

No ' 

~~ 

ROCKY FLATS PLANT BOREHOLE' LOG = . 4 E  2 .&A 
' Sorenole Numoe s u r i a c e  Eievarion: <9 7 9 /@/ 

Area: 0103 PA0 
. '  l 6 . 5 f t  ; orai 3eorh: 

Company:  TI E8RA- =:oiec: No.:GE6 ~ m ~ d  
3 ... Sample  Type: COA/T/A/U& 

- 

EG&G LOGGING SL'PERVISOR 
.A?PEOVAL mmL J L  

L- 

j ! i 
I 



I I 

SAMPLE oEscaiPnoN 

IOTES: General: USCS IS modified :cr th~s log as follows: 
Mareriak amounrs are estimated by 16 volume insread of % weight. 
(1) Badly broken core. accurate footage measurements not possible. _. - 



FORM GTJA (REV, 2) 
U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

I 

I 

i 

IOTES: General: USCS is modified for this log as ioilows: 
Materials amounts are estimated by X volume instead of 96 weight. 
(1) Badly broken core. accurate footage measurements not possible . 

~~ 
12) Core breaks cannot he m a t r h d  arritrnto fnntrma m m = c i * v n m o - + e  onrrlhin 

~ 

3 

'/ 
r 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.M (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG P A G E L O F A  
Borehole Number: 9 du P 8  Surface Elevation: 59 7b Fk  

Geologid: ' Lu7H,&F. Company: /&$HA Project NO.: 6 ~ 6 ~ ~ 9  
Drilling Equip.: ALnPA' L9& E &VAL b4LL SampleType: 6&/ &&W 

/o Area: YO,? PAD 
Total Depth: .c) f r -  ' 

EG&G LOGGING SUPER 
APPROVAL c 

.O 

.Y 
$3 
2 

Wf- 

DATE 7 - A - 9 9  

SAMPLE DESCRIPTION 

NOTES: General: USCS is modified for this log as follows: 
Materials amounts are estimated by tb volume instead of X weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be malched accurate footaoe measurements not possible. 

~ _ _ _ _ _ _ _ ~  ~~ 



US. DEPARTMENT ’OF ENERGY ROCKY FLATS PLANT FORM GTJA (REV. -4 - 
ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: 8# 4 6 4  ?/? Surface Elevation: <9 7h F/ 
Facation, 
Geologist: Company: TEPR A Project NO.: 6 ~ 6 -  
Drilling Equip.: I? P f i l  Sample Type: /O&r/&bda 

PAGEL~J 
Area: 903 P94 
Total Depth: 33 .o Ff 

EG&G 
APPROVAL DATE 7-&-9?’ 

~ 

W 
m 

7 

SAMPLE DESCRIPTION 

IOTES: General: USCS is modified for this log as follows: 
Materials amounts are estimated by Sb volume instead of % weight. 
(1) Badly broken core. aCtUrale footage measurements nor possible. 
(2) Core breaks Cannot be marched. accurate foolaae measurements not oossible. 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.U (REV. 2)  

ROCKY FLATS PLANT BOREHOLE LOG -&OF& 
Surface Elevation: 597b Ff 

EG&G LOGGING SUPERVISO 

APPROVAL 4nc 3m-A DATE 7- t5 - 9 9 

. 
\ 

r 

9 - 

1- 
! SAMPLE DESCRIPTION 

NOTES: General: USCS is modified for this log as lollom: 
Materials amounts are estimated by :b volume instead of :/.'weight. 
(1) Badly broken core. accurate footage measurements not possible. 
(2) Core breaks canno1 be matched. accurate fooraoe rneawlrementc nnt nncciirla 



CIS. DEPARTiMENT OF ENERGY ROCKY FLATS P U N T  FORM PRO.I'O1.A 

RMRS 
APPROVAL 

NOTES: General: USCS I S  modified for this log as follows: Procedure So. LVRSIOPS-PRO. 101 
Matermls amounts are estimated by Ye volume instead of Y. weight 
( 1 )  %dly broken core. accurate footage measurementS not possible 
(2) Core breaKS cannot be matched. accurate footage measurements not possible 

Revision 0 
Date effective: 1 2 3  1/98 

Page 27 of 28 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PR0.101~ , z<$-yy 

P A G E L O F  2 3 ’  ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG 
Borehole Number: /%99 /5Y-xr Surface Elevation: ,< 4 7 b  f k  
Location - North: 5+9/1/7 E?; -58677 
Date: c-19- - 9- < 1 ? 
Geologist: / L//m&’/p 
Drilling Equip.. &bPR QBE /‘h&A b&(- 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PRO.lO1A 

ROCKY FLATS ENVIRONMENTAL TECHNOLOG 

Location - North: 74/9/+ 7 East: zoB5r4 
- / 3 - 9 9 +  r -21-94 Date: c 67 

Borehole Number: f iB 9nr$r: 

Geologist: / Lu7-H 'Fnm? 
Drilling Equip.: d.k OPRL7/3G / 0 4 L  bALL 

No.: 

Rh4RS LOGGING 
APPROVAL DATE 7 - 7 - 4 9  

I 

?a; 

I '11 
I 

NOTES: General: USCS is modified lor this log as follows: 
Procedure NO. RMRSIOPS-PRO.IO' 

Revision ( 

Dare effective: 1213 119; 
Page 21 of;  

Materials amounts are estimated by % volume instead of "/. weight. 
(1) Badly broken core. accurate footage measurements not possible 
(2) Core breaks cannot be matched. accurate footage measurements not possible 



US. DEPARTMENT OF E N E R G Y  ROCKY FIATS PLANT 
C '  ' 

I FORM PR0.101~ 

RMRS LOGGING 
APPgOVAL 

1 
I 

DATE 7 -  7- 99 

IOTES. General: USCS IS modihea for [his log as lollom: 
Materials amounts are estunated by X vdume instead of $: weignt. 

Procedure Yo. RVRSOPS-PRO. 10 I 
Revision 0 

( 1 )  sadly brorten core. accurate footage measurements not possible. 
(2) Core breaks cannot oe matcned. accurate !ootage measurements not DosSible. 

Date effective: IZ!j  1/98 
Page 77 of 28 

~ ~~ ~ _ _  ~~ 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PR0.101~ 

NOTES: General USCS IS modified for this log as follows 
Materials amounts are estimated by % volume instead of % weight 
(1) Badly broken core. accurate footage measuremen& not possible 
(2) Core breaks cannot be matched. accurate footage meaSurementS not possible 

SAMPLE DESCRIPTION 

1 
- 

’+ 
7 ’  

d 

I 



C1.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PR0.101~ 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG 

RMRS LOGGING SUPERVIS R 
APPROVAL DATE 7- 7 -99 

1 2 5 , )  I-- - 

V'i 

Procedure 30. RMRS'OPS-PRO. Io I NOTES: General: USCS is modified for this log as follows: 
Malerials amounts are estimated by % vdume instead 01 % weigh!. 
( 1 )  sadly broken core. accurate loorage measuremenll not possible. 
(2) Core breaks Cannot Be marched. accurale footage measuremen& not possible. 

Revision 0 

Date effective: 12!3 1!98 
Page ?? o f  2E 



U.S. DEPARTMENT OF ENERGY ROCICY FLATS P L A N T  FORM PRO.iOlA 

~~ ~ 

RMRS LOGGlNG 
APPROVAL ~ C ) A T E  7 - 6 - 9 4  

I 

SAMPLE 3ESC3IFTION 

lOrES General. Uses IS modified !or this log as louows 
Materuls amounts are estunated by Y. vdurne instead of u. we~ghl. 
( 1 )  Badly broKen core. accurate footage measurements no1 pcssrble 
(2) Core breaks cannot be matched. aCCura[e footage measurements no1 possible 

P;ocedure Yo. R'ARSiOPS-PRO.IOI 
Revision 0 

Date efiective: IX 1/98 
page 27 of28  



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PR0.101~ 

PAGE 2  OF^ ROChT FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG 

Locatio - N o r t h $ ; 4 9 / @ 6  Eajst:F*b 
Date: &z$- 4 ,F/ 9 Total Depth. 2&,8 f ). 
Geologist: L A‘//mE%’F/ 

6orehole Number: APPL? 9 g  Surface Elevation: <9 77 F f  

Drilling Equip.. ~$Ed/sm OPE LhXL / . A ?  

Area: ?03 pHB 

Prolect NO. &&6&m a 
Company: Sample Type. 7- a&T//vLr?L /J 

c 

DATE 7 - b -  9 9  
RMRS LOGGMG SUPERVISOR 
APPROVAL 

NOTES: 

I 



L I S .  DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PRO.lOlA - 
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG 
Borehole Number: &.%94 95y Surface Elevation: 59 77 f‘f 
Location - North: 74/9 108 East: ZO85RCIL, Area: 963 

- 2 6 - 7 9 9  f -/7 -99 
Geologist: 1- L 07HKdH - *  ,ornpany 7ZiZW’ P =rDiec: No k~Aiz4 
Date /i 

Drilling Equip GF@PA 64E 3arnDte Type 

P A G E d O F Z  

Total Depth 5 la- 6 f f  - 

RMRS LOGGING 
APPROVAL 3ATE 7-6 - s 9  

SAMPLE DESCF~IPTION 

Procedure Yo. RMRSiOPS-PRO. 10 1 NOTES: General: USCS is modified for this log as follows: 
Materials amounts are estimated by Yo vdume instead of % weight 
( 1 )  Badly broken core. accurate footage measurements not possible 
(2) Core OreaKs cannot oe matched. accurate footage measurements not possible 

Revision 0 

Date effective. 17’3 1/98 
Page 77 of 28 
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""'/ 

I / -  

- - 

SAMPLE 3E S C a I F TI0 N 

I Y/x//I! 

4OTES: General: G C S  IS modifiea for [his log as lotlows: Procedure Yo. RMRS;OPS-PRO.IOI 
Revision r) 

Date effec:ive: I:?8 
Materials amounts are estunated by X volume instead of ?. weight. 
( 1 )  W l y  broKen core..aCarate footage m e q u r m e n &  not possible. 
(2) Core breaks tanno( 5e matched. accurale footage measurements not possible. page 27 o i  2S 

. . - . - - . -. 



US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PR0.101~ 

NOTES: 

Rh4RS LOGGMG SUPERVISO 
APPROVAL 

SAMPLE DESCRIPTION 

General: USCS n modified for this I 
Materials amounts are estimated by 36 volume instead of % weight. 
(1 )  b d l y  broken core. accurate footage measurements not pcssible. 
171 Care breaks cannot be matcheo. accurate !octage meaSurPmentS not possible. 

~ ~~ 



_ .  

U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PRO.iOlA . .  

L J V J  RMRS LOGGING SUPERV 
APPROVAL 

IOTES: General: USCS IS modfiea !or this :og as louows: 
Mater& amunrs are esrmared 3y Y. volume instead of ?'a weight. 
( 1 )  Badly brorten core. accurare footage measuremen& not possible. 
(2) Core breaks cannot 36 matmea. accurate :ootage measurements not possible. Pase 27 of '-8 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

' ROCKY FLATS PLANT BOREHOLE LOG P A G E L ~ L  
Borehole Number: %f?f Surface Elevation: 5 9 78 F/ 
Location - North: 74/903 6 East: gQ857// Area: 703 PAD 
Date: L/-b-79+ 4 -2s -99 Total Depth: / 

Drilling Equip.: A D P  ROBE D f i . L  //dLL Sample Type: COH~/A?UOUS 

EG&G LOGGING SUPERVISOR 

Geologist: LUThE n ER Company: 77 Sj125 Project NO.: 6 & ~ 0 (  

APPROVAL M-/L &LA DATE 7 4 - 9 9  
I I I 1 I 

SAMPLE DESCRIPTION ' 

4OTES: General: USCS is modified for this log as follows: 
' Materials amounts are estimated by ?i volume instead of X weight. 

(1) Badly broken core. acturale footage measurements no1 possible. 
(2 )  Core breaks cannot be matched. accurate !ooraae measirremenls not oossihlo. 

. .  
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PRO.IOiA 

RMRS LOGGING SUPER 
APPROVAL 2 A - E  7-7-99 

OTES. General USCS IS modified for this log as follows. Procedure 50 RVRS,OPS-PRO 101 
Revision C 

Date effcc:ive: 17,': 1 9 8  
Pase 27 ai:! 

kterlals amounts are estmated by Y. vduma instead of ?'. wecght. 
( 1 )  W l y  broken core. accurate footage measurmentS not possible. 
(2) a r e  breaks Cannot be matched. a m r a m  footage measurements nor possible 
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US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PR0.101~ 

P 
ROCKY FLATS ENVIRONMENTAL TECBNOLOGY SITE BOREHOLE LOG 

. SudaceElevation: 5 7 
Area' 0 3  /3 + Borehole Number: DH? w7g 

i/R 913L E+: 200SC;L I I 
- 

DATE 
RMRS LOGGING SUPERVISOR 
APPROVAL 

I I 

NOTES: 

- 
w 
411: c 

3 2  
IL 

SAMPLE DESCRIPTION 

I I I. 
General: USCS is modified for this log as follows: 

Procedure NO. RMRS/OPS-PRO. 101 
Revision ( 

Date effective: 1213 1/91 
Page 21 of1 

Materials amounls are estimated by "/b volume instead of % weight. 
(1) Badly broken core. accurate footage measurementS not possible. 
(2) Core breaks cannot be matched. accurale loorage measurements not possible. 
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EG&G LOGGING SL 
APPROVAL 2 

, 
DATE 7-7-99 

U 

SAMPLE DESCRIPTION 

3: General: USCS is modified lor this loa as follows: 
. Materiak amounts are estimated by 7; volume instead of % weight. 

( 1 )  Badly broken core. accurate footage measurements not p&sible. 
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I1.S. D E P A R T M E N T  OF ENERGY ROCKY FLATS PLANT FORM PRO.lOlA 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG 
Borehole Number. &H 77/7f Surface Elevation. -<9 80 f &  
Location - North: 74/@ 9// East 2085Ll// Area. 9d3 FAD 

PAGE 3 OF 3 

Date /> -/9--??- 1 -9-97 Total Depth 
Geolcgist /. &~M,F,&F R c ,ornpany =*olec: NO GE60000L 
Drilling Equip & O / ? W  f i  jamole Type ~‘2-i3ao+-5 

- 

RMRS LOGGING SUP 
APPROVAL DATE. - -  

NOTES: General: USCS IS modified for this log as follows: 

SAMPLE DE3CaIPTION 

Procedure YO. RMRS,OPS-PRO.IO I 
Revision 0 

Date effective: 12’1 1‘98 
Page 27 of 28 

Mareria!s amaunts are estrnaled by Yo volume instead of Y’ wecght. 
( 1 )  Badly broken core. accurale footage measurements no1 possible 
(2) Core breaKS cannol De matched. accurale footage measurements no1 possible 



t:.S. DEPARTMENT OF ENERGY ROCKY FLATS P U N T  F O R i i  G T . h  2) I 

ROCKY FLATS PLANT BOREHO 
aorehole Number: i?fl 732 7$ 
Location - North: .W88V+ East: 208593 0 

Drilling Equip.: &D PnO 4F n&4L MU 

C-2G- f y  -F 6-2-99 
KY? 

Date: 
Geologist: 7- Lu/f/r"'/p - 

LE 

SAMPLE ZESCZIPTION 

NOTES: General: GSCS is nocifieo fcr !his lcg as foilows: 
Materials amotinls are estimated by '6  volume instead of X weignt. 
( I )  3aoly broken csre. actuate focrace measurements not possible. 
(2) Care breaks cannot be matched. accurate footage rneaSurPmenIs not ocssible. 



U.S. DE'PARTMENT OF ENERGY ROCKY FLATS PLANT FORM PR0.101~ 

SAMPLE DESCFlIPTION 

NOTES: General: USCS is modified lor this log as follows: 

c 

Procedure No.'ItLfRS/OPS-PRO. IO 1 
Revision 0 

Marerials amounts are esrimared by X volume instead of % weight 
( 1 )  Sadly broken core. acarare footage measurements nor possible 
(2) Care breaks cannot Se matcheo. atcurale foo:aqe measuremenrs no1 Possible 

Date effective: 12/3 1;98 
Page 27 of:! 
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NCTES. Gmerar: E i C S  IS rnocifieo !or this log toclows: 



U.S. D E P a T M E N T  OF ENERGY ROCKY SLATS PUZ(T FORM p R 0 . 1 0 1 ~  

APPAOVAL 3 A F  
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i 

1TES: General: LSCS 4s rnocifica !or [his log as !allows: 
Revision 0 

Date cr7z:ive: ! T3 1:98 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM P R 0 . 1 0 1 ~  

R O € W  FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGE 

Korehob Number: 8K 9 7 7 9 8  Surface Elevation: 95v F .  

Geologist: Eompany >ERR A 
‘Drilling Equtp. PROBE Samole~ype C O / U ~ / N ~ O ~ S  

APPROVAL DATE 7 - 2 - 9 4  

5 East: Area: 9#&3 
Total Oeplh: Lf, 0 

=roleci NO 6E6& 

RMRS LOGGING 

1 

c 
\ 

d 

r 1  
‘OTES: General: USCS is modified !or this log as lollows: 

SAMPLE DESCRIPTION 

Procedure No. RMRSIOPS-PRO. IO I 
Materrals amounts are estunated by Y. vdume instead of Y. weight. 
(1 )  Badly broken core. accurate footage measurements not possible. 
(2) Core breaks cannot be matched. accurate 100tage measurements not possible. 

Revision 0 

Date effective: 12/3 1/98 
Pane 27 of28 



C:.S. D E P A R T M E N T  OF ENERGY ROCKY FLATS PLANT FORM PRO.IO1A 

ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG PAGE J- o& 

RIMRS LOGGING 
APPROVAL 

NOTES: General: USCS IS modified for this log as follow: 

SAMPLE 2E"sZiPTION 

Procedure No. R V R S ~ O P S - P R O . ! ~  I 
Revis:on 0 

Date effective: I ?!> 1 '98 
Materials amounts are estimated by Yo vduma Instead 01 Y. waght. 
( 1 )  Badly broken core. accurate foolage measuremen& not possible 
(2) a r e  brearts cannot be matched. accurate footage measurements not possible ?age 27 of 28 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM PR0.101~ 

PAGE 2 OF% 
ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE BOREHOLE LOG 

rG ff Borehole Number: &.fi%?8 Surface Bevation: 5- 97 
East: W8S880 Area: YO3 b?h’ 

Geologtst: 
Drilling Equip.: 

.c -k- 99 APPROVAL DATE 7 
I 

SAMPLE DESCRl PTl ON . 

I 
Revision 0 

Date effective: 1213 1/98 

NOTES: General: USCS is modified !or this log as follows: 
Materials amOunIs are esmared by :6 volume instead of % weight. 
( 1 )  Badly broken core. accurare footage measurements nor possible 
(2) Core breaks Cannot be matched. accurate footage measurements no1 oossible 



I1.S. DEPARTMENT OF ENERGY ROCKY FLATS P U N T  FORM P R 0 . 1 0 ; ~  

RMRS LOGGING 
APPROVAL 

NOTES: General: USCS IS modified tor this log as follows: 

SAMPLE DESCRIPTION 
, 

Procedure Yo. RMRSiOPS-PRO. 101 ~~ 

Marerials amounts are estimated by Y. volume instead of 7. weight. 
( I )  aadly broken core. accurate footage measuremenll not possible. 
( 2 ) ' h r e  breaks Cannot be matched. accurate footage measuremenll not possible. 

Revision 0 

Date effective: 1 2 3  1 9 8  
Page 27 of 28 



Characterization Report for the Document Number: RF/RMRS-99-427.UN 

903 Lip Area, and Americium Zone Date: September 21, 1999 
903 Drum Storage Area, Revision: 0 

Paae: B-1 

Appendix B 

Precision (DER) Calculations 



Sufrace Soil Characterization Precison Results . 
Gamma Spectroscopy - Americium-241 

Real 
Real 

99A5936-004.001 1 99A5936-005.001 4.66 366 4 46 374 0.382198 
313 0.699928 99A5936-006.001 3 99A5936-007.001 3.57 426 3 2  

460 Real 98A3372-002.002 1 0 98A3372-002.007 62.4 6.82 86.6 14.2 1.53623 
Real 98A3372-002.004 1 98A3372-002.008 183. 19.9 91.3 9.7 4.142161 
Real 98A3372-002.006 " 3 98A3372-002.009 95. 14.3 106. 12.9 0.571169 

I 

Real 
Real 

I 

99A4878-005.001 1 1 99A4878-006.001 55 1 7 35 66 7 3 15 1.450623 
99A4878-007.001 3 99A4878-007.001 60 4 3 93 51 3 9 3  1.691299 

. .  . .  . . ,  
I 

, 



30 Duplicate 
30 Real 
30 Duplicate 
30 Real 
30 Duplicate 
30 Real 

460 Duplicate 
460 Real 
460 Duplicate 
460 Real 
460 Duplicate 
460 Real 
669 Duplicate 
669 Real 
669 Duplicate 
669 Real 
669 Duplicate 
669 Real 

30 Duplicate 
30 Real 
30 Duplicate 
30 Real 
30 Duplicate 
30 Real 

460 Duplicate 
460 Real 
460 Duplicate 
460 Real 
460 Duplicate 

.~ 460 Real ~ 

669 Duplicate 
I 669 Real 

669 Duplicate 
669 Real 
669 Duplicate 
669 Real 

30 Duplicate 
30 Real 
30 Duplicate 
30 Real 
30 Duplicate 
30 Real 

460 Duplicate 
460 Real 
460 Duplicate 
460 Real 

.... . .. ... - . . .  ...-. ~-~ _ _ _ _  . . .y .y_ I_-_-  

. . - . . . - ~ - - ...... . . .__ ._ ._ . . - - . _. . . 

Surface Soil Characterization Program 
Precision Results 

99A5936-004.00 1 
99A5936-007.00 1 
99A5936-006.00 1 
99A5936-003.001 
99A5936-002.001 
99A3372-002,008 

99A3372-002.009 

99A3372-002.007 

99A3372-002.004 

99A3372-002.006 

99A3372-002.002 
99A4878-006.00 1 
99A4878-005.001 
99A4878-008.001 
99A4878-007.00 1 
39A4878-004.00 1 
39A4878-003.00 1 
39A5936-005.00 1 
39A5936-004.00 1 
39A5936-007.001 
39A5936-006.001 
39A5936-003.001 
39A5936-002.001 
39A3372-002.008 
39A3372-002.004 
39A3372-002.009 
39A3372-002.006 
39A3372-002.007 
39A3372-002.002 
39A4878-006.001 
39A4878-005.00 1 
39A4878-008.00 1 
39A4878-007.001 
39A4878-004.001 
39A4878-003.001 
39A5936-005.001 
39A5936-004 .OO 1 
39A5936-007.001 
39A5936-006.00.1 
39A5936-003.001 
39A5936-002.001 
39A3372-002.008 
39A33 72-002.004 
39A3372-002.009 
39A3372-002.006 

Am-24 1 
Am-24 1 
Am-24 1 
Am-24 1 
Am-24 1 
Am-24 1 
Am-24 1 
Am-24 1 
Am-24 1 
Am-241 
Am-24 1 
Am-24 1 
Am-24 1 
Am-24 1 
Am-241 
Am-24 1 
Am-24 1 
4m-24 1 
Pu-2391240 
Pu-2391240 
Pu-2391240 
Du-2391240 
'u-2391240 
'u-2391240 
Pu-2391240 
Pu-2391240 
pu-2391240 
'u-2391240 
'u-2391240 
'1-1-2391240 
'u-2391240 
'u-2391240 
'u-2391240 
'u-2391240 
'u-2391240 
'u-2391240 
J-233,-234 
J-233,-234 
J -233, -2 34 
J -2 3 3, -2 34 
J-233,-234 
J-233,-234 
J-233,-234 
J-233,-234 
J-233,-234 
J-233 ,-234 

4.4612 
4.6643 
3.1966 
3.574 
1.7105 
2.3659 
172.9098 
151.9866 
145.2979 
137 9899 
175.1638 
90.1227 
66.7147 
55.0517 
51 0332 
60 4235 
75.921 1 
40.8194 
23.1372 
21.7524 
15.5486 
23.8498 
8.4 155 
12.8235 
684.6637 
1481 6998 
84 1.5062 
675.0613 
782.3574 
554.3172 
435.6164 
318.3239 
297.2583 
376.36 
525.3358 
265.908 
0.7917 
0.7905 
3.6254 
3.5568 
2.3662 
0.8336 
1.0197 
8624 
1.184 
1.1367 

- 
PCllG 
PCIIG 
PCllG 
PCllG 
PCllG 
PCIIG 
PCIIG 
PCIIG 
PCllG 
PCIIG 
PCI/G 
PCIIG 
PCllG 
PCIIG 
PCllG 
PCI/G 
PCllG 
PCIIG 
PCIIG 
PCIIG 
PCllG 
PCIIG 
PCIIG 
PCllG 
PCIIG 
PCllG 
PCllG 
PCllG 
PCllG 
PCllG 
PCllG 
PCllG 
PCI/G 
PCllG 
PCllG 
PCllG 
PCVG 
PCllG 
PCIIG 
PCllG 
PCllG 
PCIIG 
PCIIG 
PCIIG 
PCllG 
PCIIG 

J 
J 
J 
J 

J 

J 

0.3741 
0.3659 
0.3134 
0.4259 
0.2759 
0.332 
5.4249 
5.5795 
4.851 3 
5.5697 
5.664 1 
4.0973 
3.1482 
2.8592 
2.5161 
3.1018 
3.3548 
2.413 
0.8293 
0.81 92 
1.2054 
1.0835 
0.781 1 
0.6603 
12.2161 
18.4008 
15.1618 
10.7885 
1 3.1426 
11.1808 
8.~6241 ~~ ~ ~ 

7.3486 
7.2987 
8.3559 
9.41 5 
6.7098 
0.1928 
0.184 
0.1677 
0.1997 
0.6882 
0.2129 
,1613 
.1556 
,2339 
.1879 

~~ ~~ 



_ . . .  

460 Duplicate 
460 Real 
669 Duplicate 
669 Real 
669 Duplicate 
669 Real 
669 Duplicate 
669 Real 

30 Duplicate 
30 Real 
30 Duplicate 
30 Real 
30 Duplicate 
30 Real 

460 Duplicate 
460 Real 
460 Duplicate 
460 Real 
460 Duplicate 
460 Real 
669 Duplicate 
669 Real 

. 669 Duplicate 
669 Real 
669 Duplicate 
669 Real 

30 Duplicate 
30 Real 
30 Duplicate 

~~ ~~ 30 RealL ~ 

30 Duplicate 
30 Real 

460 Duplicate 
460 Real 
460 Duplicate 
460 Real 
460 Duplicate 
460 Real 
669 Duplicate 
669 Real 
669 Duplicate 
669 Real 
669 Duplicate 
669 Real 

Surface Soil Characterization Program 
. Precision Results 

99A3372-002.007 
99A3372-002.002 
99A4878-006.001 
99A4878-005.00 1 
99A4878-008.001 
99A4878-007.001 
99A4878-004.001 
99A4878-003.001 
99A5936-005.001 
99A5936-004.00 1 
99A5936-007.00 1 
99A5936-006.00 1 
99A5936-003.001 
99A5936-002.001 
99A3372-002.008 
99A3372-002.004 
99A3372-002.009 
99A3372-002.006 
99A3372-002.007 
99A3372-002.002 
99A4878-006.001 
99A4878-005.001 
99A4878-008.001 
99A4878-007.001 
99A4878-004.00 1 
99A4878-003.001 
99A5936-005.001 
99A5936-004.001 
9913936-007.001 
99A5936-006.001 
99A5936-003.001 
99A5936-002.00 1 
99A3372-002.008 
99A3372-002.004 
99A3372-002.009 
99A3372-002.006 
99A3372-002.007 
99A3372-002.002 
99A4878-006.001 
99A4878-005.00 1 
99A4878-008.00 1 
99A4878-007.001 
99A4878-004.001 
99A4878-003.001 

gha Sr>ect rQ 

U-233,-234 
U-233,-234 
U -2 3 3, -234 
U-233,-234 
U-233,-234 
U-233, -234 
U-233,-234 
U -233, -234 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-235 
U-238 
U-238 
U-238 
U-238- 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 

1.1157 PCllG 
0.842 PCIlG 
0.6224 PCIlG 
0.8276 PCIlG 
0.9393 PCllG 
0.6928 PCllG 
0.7556 PCVG 
0.08 PCllG 
0.0413 PCIlG 
0.0434 PCIlG 
0.1111 PCVG 
0.1025 PCllG 
0.0907 PCIlG 
,0883 PCllG 
,0729 PCllG 
,0837 PCVG 
,0566 PCIlG 
,0986 PCIlG 
,0948 PCIlG 
3.0524 PCIlG 
3.0457 PCVG 
3.065 PCIlG 
-0.0205 PCIlG 

3.0463 . PCIlG 
3.9948 PCIlG 
1.1579 PCIlG 
1.0056 PCllG 
1.024 PCIlG 
2.8263 ~ PCl/G 
3.823 PCllG 

1.9538 PCllG 
2.442 PCllG 
2.661 PCIlG 
2.2426 PCllG 
2.4613 PCVG 
1.4272 PCilG 
1.0122 PCIlG 
1.3592 PCIlG 
1.0519 PCIlG 
1.1399 PCllG 
1.1541 PCllG 

-0.0382 PCIlG 

~~ ~ ~~ 

2.5451 PCllG 

I .1574 
.1721 

I 0.3213 
I 0.2696 
I 0.3128 
I 0.326 
I 0.4082 
I 0.3191 
I 0.0614 
J 0.0433 
J 0.0454 
J 0.0926 
J 0.1417 
I 0.0725 
I .0489 
I ,045 
I .0618 
I .0418 
I .0525 
I .0505 
J 0.0835 
J 0.0854 
J 0.0993 
J 0.0231 
J 0.0431 
J 0.0865 
I 0.2135 

0.221 5 
0.212 
0.2661 
0.751 

I 0.211 
.2547 
2339 
.3347 
.2875 
,2482 
,2549 
0.4037 
0.3429 
0.3867 
0.3389 
0.4882 
0.3669 

~ 

. . _ _  -__- - 

f .  . . .  
.. . . . I :: I._. . .:. 1. . :. 

0.95 

0.52 

0.25 

0.12 

0.52 

0.6E 

0.07 

0.2: 

0.3E 

0.05 

O.OE 

0.84 

0.87 

0.52 

0.05 

2.57 

I .71 

0.5C 

0.61 

0.7E 

0.6C 

0.0; 

1 -  



I . ... . 

&@ 
6.803 

5.41 5 

0.163 

0.817 

4.548 

0.132 

5.443 

0.182 

0.819 

2.805 

1.456 

0.090 

0.084 

0.777 

0.317 

3.144 

0.841 

0.558 

0.268 

~ ~ 

Subsurface Soil Characterization Program 
Precision Results - Americium-241 

m@Jij$J 
3.93 

87 
590 

1880 
0.043 
0.053 
0.32 

0.229 
13b10 
31670 
4030 
3930 
16.7 
59.5 

0.311 
0.345 
0.181 
0.361 

76.8 
9.95 
0.26 

0,026 
0.026 
0.032 
0.225 
0.238 
0.031 

0.13 
0.035 
0.016 
0.018 

1.8 
0 

0.053 
0.301 
0.194 

0 
0.041 

98A1496-001.006 
98A1055-003.036 
98A1055-003,033 
98A1055-002.020 
98A1055-002.019 
98A1055-001.011 
98A1055-001.010 
98A1296-001.010 
98A1296-001.002 
98A2017-001.012 
98A2017-001.002 
98A1502-001.010 
98A1502-001.002 
98A2022-001.010 
98A2022-001,004 
99A4353-005.001 
99A4353-004.002 

PCVG 
PCllG 
PCIlG 
PCVG 
PCllG 
PCllG 
PCllG 
PCllG 
PCIlG 
PCIlG 
PCIlG 
PCllG 
PCIlG 
PCIlG 
PCIlG 
PCIlG 
PCllG 
PCIlG 
PCllG 
PCIlG 
PCIlG 
PCllG 
PCllG 
PCllG 
PCllG 
PCllG 
PCllG 
PCllG 
PCllG 
PCIlG 
PCIlG 
PCIlG 
PCIlG 
PCllG 
PCIlG 
PCIlG 
PCIlG 
PCllG 

98A1289-001.010 
98A1289-001.004 
99A4849-005.002 
99A4849-004.002 
98A5489-001.009 
98A5489-001.008 
98A5494-001.009 
98A5494-001.008 
99A5832-005.002 
99A5832-004.002 
99A7799-009.003 
99A7799-006.003 
99A3210-004.009 
99A3210-004.008 
99A6650-006.003 
99A6650-005.003 
99A7937-005.001 
99A7937-004.002 
99A8275-006.003 
99A8275-001.003 

90698 

90798 

91298 

91598 

91698 

92498 

92698 

93098 

93698 

94298 

94598 

95298 

95798 

95998 

96298 

96798 

97598 

97698 

~ m g  
AM-241 
AM-241 
AM-241 
AM-241 
AM-24 1 
AM-241 
AM-241 
AM-241 
AM-241 
AM-241 
AM-241 
AM-24 1 
AM-241 
AM-241 
AM-241 
AM-241 
AM-241 
AM-241 
AM-241 
AM-241 
AM-24 1 
AM-24 1 
AM-241 
AM-241 
AM-241 
AM-241 
AM-241 
AM-241 
AM-24 1 
AM-24 1 
AM-241 
AM-241 
AM-24 1 
AM-24 1 
AM-24 1 
AM-241 
AM-241 
AM-241 

Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 
Replicate 
Real 

~~~ 

1.09 
0.224 
5.13 
0.086 
0.027 
0.038 
0.040 
94.6 
51.5 
25.6 
53.2 
0.904 
0.118 
0.099 
0.059 
0.115 
0.146 
19.8 
0.084 
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903 PAD IN SITU MODELS AND UNCE.RTAINTIES 

In Situ Models 

The Canberra in situ systems used to perform nieasurements at the RFETS 903 Pad 
project site employ the Canberra In Situ Object Counting System (ISOCS) software. This 
software package allows the user to calculate efficiencies for in situ quantification of 
defined objects using standard templates. One such template has been used to define the 
in situ measurement of contaminants in soils at the 903 Pad locations. This template 
requires the entry of various parameters which should accurately represent the actual 
conditions at the project site. 

The template selected for this application is the circular plane source . This template 
requires the user to define a horizontal source size, a vertical source size, material 
composition and material density. In addition, the software uses detector specific physical 
parameters and user definable environmental parameters such as humidity, pressure and 
temperature. Each of these parameters has been defined in the model to represent actual 
conditions at 903 Pad, using existing knowledge of the site and project defined 
parameters. These parameter values, and the basis for selection, are described below. 

Use of inappropriate values could lead to errors in in situ measurements. The model used 
for routine measurements contains the values most representative of actual conditions, 
however it is possible that actual measurement locations may vary fiom these assumed 
default conditions. Since it is not possible to verify all parameter values at each 
measurement location, default values will be used except where it is known that 
conditions vary significantly. An evaluation of the potential errors associated with 
deviation from default parameters has been performed and forms the basis of the total 
propagated me&irement%ncertainty (TMU) used when-reporting in sifu measurement ~ 

results. These are also described below, 

- 

~ ~ 
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; :: .. . 903 Pad Project ISOCS Model - .  

I-Iorizontal Distribution (Field of View) 
As indicated above, the model selected for the 903 Pad Project (and normally used for 
any in silu soil assays) is the circular plane geometry. The circular plane is appropriate 
since the detector typically views a circular area which is defined by detector height 
above ground and the collimator employed, if any, to restrict the field of view (FOV). For 
this project, the field of view was defined in the Statement of Work as a 12 m diameter 
FOV. However, calculations performed using ISOCS showed that an “infinite field of 
view” for Am-24 1 is about 10 meters. This is due to the low energy ,4111-24 1 photon ( 59 
keV) which is attenuated by soil,.and even air, such that there is little contribution to the 
detector measurement at distances beyond 5 meters from the detector. Therefore, all 
efficiencies assumed a FOV of 10 meters diateter. In addition, the collimator used, 5 cm 
with a 180 degree collimation, effectively limits the FOV to 10 meters at a height of one 
meter. 

. 

Vertical Distribution 
The distribution of Contaminants vertically will impact the efficiency used. For naturally 
occurring radionuclides, the distribution is basically uniform throughout the top 20-30 cm 
of soil. However, man-made contamination will usually have a different distribution, 
depending on the mode of deposition. At 903 Pad locations, contamination was deposited 
via airborne and/or surface water releases. This results in a distribution which will tend to 
have higher concentrations near the surface and decreasing concentrations with depth., 
which may follow an exponential function, Surface soil sampling has been performed in 
the 903 Pad areas to determine the vertical distributions. In general, the activities are’ 
concentrated in the top 5 cm, which may contain 60-80% of the total contamination. The 
sampling was generally performed in 2 or 3 cm layers, therefore the distribution in the 
top 5 cm layer can only be subdivided into two layers, one fo’r the top 3 cm and a second 
for the next 2 (or 3) cm. Based on available data, the ISOCS model assumes all 
contamination is contained in the top 5 cm, and it is distributed with 66% in the top 3 cm 
and 33% in the next 2 cm. This distribution is used to be consistent with the soil sampling 
protocol, which calls for sampling to a depth of two inches. In addition, the contribution 
from Am-241 below a depth of5 cm in soil is quite small. This distribution, however, 
will skew results for naturally occurring radionuclides due to the different distributions. 

Soil Composition 
The chemical composition of the soils, including moisture content, will impact efficiency 
determinations. A number of soil samples from the 903 Pad locations have been analyzed 
and reported for chemical composition. The ISOCS software contains several soil models 
with varying elemental content. Based on the available data, a soil composition 
containing measurable amounts of metals, including Fe, and a small amount of H 2 0  (low 
moisture content) was selected as most representative of WETS soils. This soil model is 
termed “dry dirt” and has a composition of: 490,27Si, 4Fe, I .6Mg, 4Ca, 7A1, 0.8Na. 



3 

Soil Density 
The available soil density data from’903 Pad locations shows densities ranging from 1 .O 
to 1.3 g/cc. fn Sifu soil densities are typically on the order of 1.6 g/cc, but i t  is believed 
that, due to the lower moistuie content of WETS soils, this value may be too high. The 
ISOCS. model uses a value of 1.3 g/cc as a mean value for 903 Pad soils. 

Uniformity 
The uniformity, or non-uniformity, of contamination, both vertically and horizontally, 
will impact measurement results. Based on the mode of contamination deposition and on 
prior survey results ( including in siru surveys), i t  is believed that the contamination is 
relatively uniform within the field of view in the ISOCS systems. This is a reasonable 
assumption since the in situ measurements integrate the readings over nearly 80 sq m 
areas. Thus, any individual “hot spots” are averaged over the entire area, or volume, and 
their impacts are minimized. The ISOCS model is based on uniform distributions. 

Environmental Conditions 
Environmental temperature, humidity and pressure may impact some measurements. The 
ISOCS models assume standard environmental conditions; i.e. .20 C, SO YO relative 
humidity and 760 mm barometric pressure. Normal barometric pressure at WETS is less, 
but the impact is negligible, as shown below. 

Detector Parameters 
An ISOCS efficiency for each detector has been generated, using the specific detector 
characteristics, which tend to remain constant for long periods of time. The parameter of 
concern is the detector surface dead layer, which, if it increases could effect detection of 
tow energy photons. This can be monitored by routine check source counts using a source 
with a low energy photon, such as Am-241. There have been no changes to these 
parameters over the course of the 903 Pad Project. 

The ISOCS template used for the 903 Pad ISOCS efficiency is attached. 
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ISOCS Model Uncertainties. 

As described above, the default ISOCS models are based on assumed mean values for the 
given set of model parameters. I t  is recognized that the actual conditions may vary and 
that it  is not possible to characterize each measurement location to use location specific 
values. Therefore, Canberra has attempted to bound the likely range of parameter values 
based on existing data, evaluate the potential errors of using mean values when compared 
to the likely ranges, then assign an error to each parameter and propagate a total 
measurement uncertainty (TMU). Each parameter has been evaluated, as shown below, 
and a maximum error estimated for the mean value, based on the likely range of values 
for a given parameter. The impact of a deviation from the mean value was assessed by , 

entering that value into an ISOCS efficiency, then analyzing a standard count and 
comparing the Am-241 result to that obtained with the mean value. Each parameter was 
evaluated independently. The variation from the mean value was considered to be the 
maximum deviation and equivalent to a 3 sigma boundary. 

Horizontal Distribution (Field of View) 
The field of view is limited by the 180 degree collimator and the range of Am-24 1 
photons in soil. It  is assumed that the horizontal distribution is uniform. There are no 
likely maximum or minimum ranges for this parameter and no error estimate is provided. 

Vertical Distribution 
The model distribution was estimated from soil sampling data but is rather coarse. It is 
possible that the actual distributions in the top 5 cm may be more concentrated near the 
surface or more uniformly distributed throughout the 5 cm layer. A set of efficiencies 
with different vertical distributions were prepared and the standard acquisition analyzed. 

Results: 

Default 2 layer 0-3 cm 66%, 3-5 cm 33% Am-241 = 12,2 pCi/g 
Single layer, 0-5 cm uniform Am-241 = 14.3 pCi/g 
3 layers, 0-1.5cm SO%, 1.5-3 cm 30%, 3-5 cm 20% Am-241 = 1 1.6 pCi/g 
3 layers, default with Icm grass cover Am-241 = 13.2 pCi/g 
2 layer with 0-3 cm 60%, 3-5 cm 40% Am-241 = 12.2 pCi/g 

The overall impact of a likely range of possible distributions is about +/- 10 %. 

Soil Composition 
Soil compositions were varied from dirt with little heavy metal component (Dirt 2) to 
soils with a significant composition of metals (Dirt 4) 

Results: 
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Default soil; Dry Dirt (490., 27Si, 4Fe, 1.6Mg, 4Ca, 2.7K, 7AI) Am-241 = 12.2 pCi/g 
Dirt 2 ( 5 5 0 ,  3 1 Si, 3Fe, 7AI) Am-24 1 = 1 1.6 pci/g 
Dirt 4 (450, 25Si, 12Fe, 2.5Mg, 4.  I Ca: 2Mn, 8.3A1, 0.7Ti) Am-241 = 15.4 pCi/g 

The overall impact of a likely range of compositions is about +/- 25% 

Soil Density 
Soil densities were varied from the minimum of 1 .O to a maximum of 1 ,G g/cc. 

Results 

Default density 1.3 g/cc 
Density 1.6 g/cc 
Density 1 .O g/cc 

Am-241 = 12.2 pCi/g 
Am-241 = 12.0 pCi/g 
Am-241 = 13.8 pCi/g 

The overall impact of density changes is about +/- 10 %- 

Environmental Conditions 
The default temperature and relative humidity are close to the ranges at RFETS but the 
default pressure is 20 YO higher than normal barometric pressure at this altitude. However, 
changing the parameters to the RFETS values had n o  impact (same Am-241 results). 

Detector Pa ram et ers 
Detector characteristics have been shown to be unchanged since factory calibration by 
verifying response by counting a standard reference material and obtaining the correct 
result. There is no error assigned to this. 
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I. , . .. . , . .  .. . Propagation of Uncertainties. . .  

All significant sources of error should be included in an assessment of tolal measurement 
uncertainty (TMU). The model uncertainties described above for vertical distribution, soil 
composition, soil density, etc. should be considered random errors and are propagated in 
quadrature. These are then added to the systematic uncertainty defined below. 

Random error components, and the magnitude of the estimated 3 sigma range, excluding 
counting statistics, are shown as: 

Horizontal distribution negligible 
Vertical distribution +/- 10 Yo 

Soil Density +/- 1oo/p 
Soil Composition +/- 25% 

Environmental conditions negligible 

These are propagated as Total Random Error = ( 10*2+25*2+10*2)1/2 
= 29% 

The systematic error is primarily a calibration uncertainty and is estimated to be +/- 5%. 

The Total Measurement Uncertainty (excluding counting statistics) is = 29% + 5% = 34% 
at the 3 sigma level. . 

Due to reporting requirements, this error is entered into the software as the systematic 
error, which is then added to the counting error to amve at a TMU. This method may 
overestimate the total error slightly (the correct method would be to propagate the 
counting error with the other random uncertainties, then add the systematic error) but is 
necessary so that the software can report individual values.for the counting error and the 
TMU . 
Typical TMU values for detected Am-24 1 in natural background locations may range 
from as high as 70% for low levels (e.g. <I 0 pCi/g) to 40% for high levels. I 

. .  
'. . __  .. . 



Data Quality Objectives for Measurement  Data  

3a:a Quality Objectives (DQOs) are qualitative and quantitative statements that describe 
the in siru characterization technical and quality objectives, define the appropriate type of 
data and specify acceptable levels of decision errors used to establish the quality of data. 
These data are used to assist RMRS in developing remedial action or management actions 
for the affected areas. For 903 Pad in sifu measurements, the DQO is: 

I .  
To classify surface soils as exceeding Tier 1 soil action levels. This objective is met 
by measuring soil concentrations of Am-241, U-235 and U-238. Concentrations of Pu 
and other U isotopes are derived from these measurements. In order to provide 
sufficient margin for detection of Tier I levels, detection limits for the three nuclides 
measurable by in s i h  methods have been set at; 1 pCi/g Am-241 , 0.5 pCi/g U-235 
and 5.0 pCi/g U-238. 

Data Quality Objectives used to validate all data generated by in sifu measurements 
include the following: precision, accuracy, sensitivity, completeness, Comparability and 
total uncertainty. For the 903 Pad Project, these are defined as follows: 

Precision A quantitative measure of the reproducibility or degree of agreement 
among replicate or duplicate meisurements of a parameter. For the 903 Pad Project, 
precision shall be demonstrated by performing duplicate counts of specified soil 

-locations on a frequency not to exceed once per 20 measurement locations. The 
reproducibility shall be calculate using accepted methods for evaluation of duplicate 
counting. 

( 

Accuracy The degree of agreement between measured concentration values and the 
true or known values. For in sifu measurements, true values are difficult to establish 
and may be estimated fiom alternate assay methods. For this project. In situ results 
will be compared to laboratory analyses of discrete soil samples. Comparable 
measurements at the action levels are expected to agree within +/- 50%. Evaluation of 

. 

_ _ - _  - - accuracy will be performed by RMRS and Canberra technical representatiwes.- - - -  

0 Sensitivity Sensitivity limits are defined as that level of radioactivity which, if 
present, will yield a measured value less than the critical limit with 5% probability. 
The critical limit is defined as that value which measurements of background will 
exceed with a 5% probability. Sensitivity limits for three detectable radionuclides are 
specified above. 

0 Completeness A quantitative measure expressed as a percentage of valid or 
acceptable data obtained from a measurement system. A goal of 90% has been set for 

1 this project. 
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Comparabilitv A qiialitative measiire of the confidence w i t h  which ii set of  data from 
.-- 7 . 
: -, one assay system can be compared io another from a second system See the DQO for 

accuracy 

Total Uncertaintv This includes both ra.ndom and systematic unceitainiies and are 
propogated to arrive at a total uncertainty at the 9.5% confidence level. Random 
uncertainties include counting errors and uncertainties related io non-uniform 
distribuiion of contamination. Systematic errors include calibration and positioning. 
Uncertainties will be obtained .froni measurements or estimated by in .si/u technical 
specialists. 
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Appendix D. Summary Statistics 

HPGe Data 

Descriptive Statistic 

: es I 
HPGe Predicted Predicted Predicted Predicted 

2 4 1 ~ ~ 3  239/240 p u4 Am 241Am1 239'240Pu2 

(PCikI) (pCilg) (pCilg) (PCihI) (PCih3) ( PCih 1 (PC ilg 1 
241 238u 235" 

Mean 
Geometric Mean 
Standard Error 
Median 
Mode 
Standard Deviation 
Sample Variance 
Kudosis 
Skewness 
Coefficient of Variation 
Range 
Minimum 
Maximum 
Sum 
Count 
Confidence Level (95.0%) 
Number of Detections Above Tier I 

0.24 
0.00 

1.37E-03 
0.23 
0.23 
0.05 

2.07E-03 
4.18 
-0.12 

0.5 1 
0.07 
0.58 

261.72 
1110 

2.68E-03 
l o  

l 0.19 

4.46 
#NUM! 
0.02 
4.37 
3.63 
0.67 
0.45 
10.50 
1; lO 
0.15 
10.04 
1.31 
11.35 

4946.04 
1110 
0.04 

0 

12.60 
#NUM! 
0.38 
9.62 
0.90 
12.67 
160.54 
13.05 
2.84 
1.01 

115.36 
0.38 

115.74 
13985.89 

1110 
0.75 

0 

28.43 
#NUM! 
0.45 
24.80 
15.46 
15.02 

225.69 
18.39 
3.36 
0.53 

150.48 
14.91 
165.39 

3 1555.57 
1110 
0.88 

0 
INumber of Detections Above Tier I1 0 0 48 162 

20 1.20 
#NUM! 
3.00 

176.67 
118.91 
100.1 1 

1002 1.87 
22.63 
3.74 
0.50 

1060.92 
115.55 

1 176.47 
223330.46 

1110 
5.89 

0 
183 

20.19 
#NUM! 

0.48 
16.46 
5.56 
15.85 

251.25 
13.05 
2.84 
0.78 

144.3 1 
. 4.91 
149.22 

224 14.09 
1110 
0.93 

0 
0 

105.05 
#NUM! 

3.07 
80.94 
10.55 

102.38 
1048 1.30 

13.05 
2.84 

932.10 
6.32 

938.42 
1 16602.40 

1110 
6.02 

0 
82 

,0.97 

I 

' Predicted '"Am Based on Regression Equation. p 4 ' A m  = o.0022*24',4m2 + 1 .049*241/1m + 14.5091 

* Predicted 239/2co Pu Based on Regression Equation: 1239'240~u = 0.0243h241Am2 + 6.3749+'4'A171 + 1 13.121 

[ 
[ 239 I 240 Pu 

A m  = 1.251 * 2 4 ' A n 1  + 4 . 4 3  I 24 I 
Predicted '"Am Based on Regression Equation: 

* Predicted 239/240 Pu Based on Regression Equation: 

I 

= 8 .08 * 2 4 '  A m  + 3 . 2 4  



Appendix D. Summary Statistics 
Borehole Radiological Data-903 Pad and Lip Area 

Asp ha1 t 
U 2 m m m 4 0  U A m m  

Descriptive Statistic (PCil9) (PCik3) (PCiW (PCih)  (PCi43) 

Mean 0.81 0.05 0.75 0.16 0.07 
Geometric Mean 0.80 0.04 0.74 #N/A ' 0.04 
Standard Error 0.05 0.01 0.04 0.13 0.03 
Median 0.78 0.04 0.75 0.03 0.04 
'Mode #N/A #N/A #N/A #N/A #N/A 
Standard Deviation 0.15 0.03 0.13 0.40 0.10 
Sample Variance 0.02 0.00 0.02 0.16 0.01 
Kurtosis 170  7.01 -1.60 8.85 8.28 
Skewness 1.22 2.46 -0.08 2.97 2.84 
Coefficient of Variation 0.19 0.72 0.17 2.42 1.46 
Range ' 0 47  0.12 0.32 1.22 0.33 
Minimum 0.66 0.01 0.60 0.00 0.02 
Maximum 1.13 0.13 ' 0.92 1.22 0.34 
Sum 7.27  , 0.42 6.74 1.48 0.63 
Counf 9 9 9 9 9 
Confidence Level (90.0°/o) 0.08 0.02 0.07 0.22 0.06 

Descriptive Statistic 
4 U235 

(PCib)  (PCib) (PCib) 

Mean 0 49 0 04 0 62 
Geometric Mean 0 45 NIA 0 58 
Standard Error 0 06 0 01 0 06 
Median 0 43 0 05 0 69 
Mode #N/A #N/A #N/A 
Standard Deviation 0 19 0 03 0 19 
Sample Variance 0 04 0 00 0 04 
Kurtosis ~ ~ 1 0 8  -0 02 0 13 

Coefficient of Variation 0 39 0 81 0 31 
Range 0 72 0 12 0 63 
Minimum 0 19 -0 01 0 22 
Maximum 0 90 0 11 0 84 
Sum 5 83 0 51 7 43 
Count 12 12 12 
Confidence Level (95 0%) 0 11 0 02 0 11 
Number of Detections Above Tier I 0 0 0 

Skewness 0 8 6  0 50 -0 9 6  

\Number of Detections Above Tier I1 0 0 0 1 

0 09 0 04 
0 05 N /A 
0 03 0 02 
0 04 0 03 
0 01 0 01 
0 1 1  - 0 06 
0 01 0 00 
1 8 9  3 71 
1 6 9  ~ ~ 1 5 1  
126  1 5 4  . 
0 35 0 26 
0 01 -0 05 
0 36 0 21 
107  0 50 
12 12 

0 06 0 04 
0 0 
0 0 



Appendix D. Summary Statistics 
Borehole Radiological Data-903 Pad and Lip Area 

Descriptive Statistic 
Am241 

(PCikI) 

Mean -1.06 0.09 1.15 
Geometric Mean 1.02 0.06 1 .oo 
Standard Error 0.1 1 0.04 0.16 
Median 0.96 ' 0.06 1.13 
Mode 0.84 0.07 1.24 
Standard Deviation 0.38 0.13 0.61 
Sample Variance 0 1 4  0.02 0.37 
Kurtosis 4.79 11.19 5.53 
Skewness 1.51 3.30 1.72 
Coefficient of Variation 0.36 1.43 0.53 
Range 1.61 0.49 2.60 
Minimum 0.4 1 0.00 0.17 
Maximum 2.02 0.49 2.77 
Sum 12.25 1 .oo 13.33 
Count 1 2  12 1 2  
Confidence Level (90.Oo/,) 0.18 0.06 0.29 
Number of  Detections Above Tier I 0 0 0 
Number of  Detections Above Tier II 0 0 0 

53.75 
5.78 

45.95 
4.48 
#NIA 

159.19 
25340.90 

11.88 
3.44 
2.96 

0.01 
558.00 
642.14 

1 2  
75.59 

0 
1 

557.99 ' 

0 51 0 04 0 63 0 27 0 11  
!!E?ketric Mean 0 49 NIA 0 60 NIA N IA 
Standard Error 0 02 0 01 0 02 0 06 0 03 
Median 0 48 0 03 0 59 0 05 0 04 

12.01 
1 . I 8  

10.38 
0.85 
#NIA 
35.97 

1294.08 
11.90 
3.44 
2.99 

125.98 
0.02 

126.00 
143.51 

12 
17.08 

0 
1 



Appendix D. Summary Statistics 
Borehole Radiological Data-903 Pad and Lip Area 

Descriptive Statistic (PCiW (PCih) 

Mean 
Geometric Mean 
Standard Error 
Median 
Mode 
Standard Deviation , 

sa  ni p I e variance 
Kurtosis 
Skewness 
Coefficient of Variation 
Range 
Minimum 
Maximum 
Sum 
Count 
Confidence Level (95.0%) 
Number of Detections Above Tier I 
Number of Detections Above Tier I I  

(PCib) ( P C i h  1 ( P C i h  1 

5.31 
1.43 
2.91 
0.99 
1.14 

22.90 
524.52 
55.37 
7.30 
4.31 

177.58 
0.42 

178.00 
329.51 

62 
5.70 

0 
0 

/ 

0 60 
NIA 
0 30 
0 06 
0 04 
2 38 
5 55 

38 00 
5 87 
3 94 
17 81 
-0 91 
16 90 
37 38 

62 
0 59 

0 
0 

16 83 
1 99 

12 58 
1 3 2  
1 54 

99 08 
9817 55 

60 51 
7 74 
5 89 

779 51 
0 49 

780 00 
1043 61 

62 
24 66 

1 
1 

3595 75 775 68 
146 69 30 48 

2462 86 514 23 
152 00 34 80 
#N/A #NIA 

19392 55 4049 07 
376071264 13 16394945 59 

59 32 58 16 
7 63 7 53 
5 39 5 22 

152259 18 31669 85 
0 82 0 15 

15226000 3167000 
222936 51 48092 47 

62 62 
4827 10 1007 87 

9 12 
27 27 



Appendix D. Summary Statistics 
Borehole Radiological Data-903 Pad and Lip Area 

Descriptive Statistic 

Geometric Mean 0.59 NIA 0.71 1.33 NIA 
Standard Error 

0.61 0.03 0.64 0.94 0.23 

Standard Deviation 
Sample Variance 0.19 0.00 1.52 1609.25 71 49 

14.59 16.55 32.01 20.03 23.95 
3.03 3.70. 5.22 4.19 4.60 

Coefficient of Variation 0.63 1.23 1.28 2.47 2.69 
3.1 1 0.37 9.00 246.99 54.41 
0.01 -0.01 0.10 0.01 -0.01 
3.12 0.36 9.10 247.00 54.40 

194.71 43.32 2.92 59.60 1007.14 
62 62 62 62 62 

Am241 

(PCikI) 

Mean 0 58 0 03 0 64 4 97 0 90 
Geometric Mea n 0 54 NIA 0 59 NIA NIA 
Standard Error 0 03 0 00 0 04 1 4 0  0 23 
Median 

~ 0 55 0 03 0 59 ~ ~ 0 80 0 23 
Mode 0 76 0 01 0 63 34 50 0 15 
Standard Deviation 0 21 0 02 0 29 10 63 1 7 2  

Kurtosis 1 5 0  2 86 6 66 9 49 6 52 
Skewness 1 0 3  0 19 1 9 6  3 04 2 67 
Coefficient of Variation 0 36 0 74 0 45 2 14 1 9 2  
Range 1 0 5  0 15 1 7 8  54 00 7 68 

Ma xi m u in 1 3 2  0 10 1 9 7  54 00 7 63 
Sum 33 44 1 7 9  37 07 288 35 51 98 
Count 58 58 58 58 58 

Sample Variance 0 04 0 00 0 08 112 97 2 95 

Minimum 0 27 -0 05 0 19 0 00 -0 05 

Confidence Level (95 O 0 h )  0 05 0 01 0 07 2 74 0 44 
Number of Detections Above Tier I 0 0 0 0 0 
Number of Detections Above Tier II 0 0 0 0 1 
NIA Not Applicable 



11 

Appendix D. Summary Statistics 
VOC Borehole Data 

Descriptive Statistic 

Methylene Carbon Cis-l ,2- 
Tetrachloride Tetrachloroethene Trichloroethene Chloroforin Dic hloroethene Chloride 

(P!YKg) (PdKg)  ( I N K g )  (PglKg) (PglKg) ( P S W  

Mean 
Geometric Mean 
Standard Error 
Median 
Mode 
Stand a rd D evia t i  on 
Sample Variance 
Kurtosis 
Skewness 
Coefficient of Variation 
Range 
Minimum 
Maximum 
Sum 
Count 
Confidence Level (95 0%) 
Number of Detections Above Current Tier I 
Number of Samples at 10% of Current Tier I 
Number of Detections Above Proposed Tier I 
Number of Detections Above Proposed Tier I I  
Number of Non Detections 

428 37 
71 75 
117 96 

I 62000 
700 03 
456 84 

208701 85 
0 23 
0 73 
1 0 7  

1437 70 
2 30 

1500 00 
' 6425 50 

15 
231 19 

0 
1 
0 
8 
13 

458.71 
87.43 
122.44 
660.00 
700.00 
458.13 

209885.96 
0.20 
0.63 
1 .oo 

1498.40 
1.60 

1500.00 
6421.90 

14 
239.98 

0 
1 
0 
8 
12 

428 85 
73 06 
117 83 
620 00 
700 00 
456 36 

208265 48 
0 23 
0 73 
1 06 

1499 11 
0 89 

1500 00 
6432 79 

15 
230 95 

0 
1 
0 
8 
13 

427 25 

118 24 
620 00 
700 00 
457 95 

209715 19 
0 21 
0 72 
I 07 

1499 40 
0 60 

1500 00 
6408 79 

15 
231 75  

0 
0 
0 
8 
10 

45 48 
698.57 
697.70 
13.88 

700.00 
700.00 
36.71 

1347.62 
4.75 
-2.05 
0.05 

1 10.00 
G20.00 
730.00 

4890.00 
7 

27.19 
0 
0 
0 
7 
7 

493.06 
59.10 
151.12 
390.00 
700.00 
585.27 

342541.03 
-0.20 
0.96 
1.19 

1699.17 
0.83 

1700.00 
7395.93 

15 
296.18 

0 
6 
6 
9 
7 

Number of Detections 2 2 2 5 0 8 



Appendix D. Summary  S:atistics 
VOC Borehole Data 

Descriptive Statistic 

Carbon L I S - 1  , z -  Methylene 
Tetrachloride Tetrachloroethene Trichloroethene Chloroform Dichloroethene Chloride 

(NI/Kg) (P9WA (Pgw3) (PSWJ) (Pg/K!3) (KlW3) 
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