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ABSTRACT 

A radiological and hazardous waste scoping survey of the storage pad southwest of 
Building 3503 at Oak Ridge National Laboratory (ORNL) was conducted September 
8-12, 1986. The survey was conducted by the Environmental Assessments group of the 
Health and Safety Research Division (HASRD) of ORNL for the Maintenance, Sun:eil­
lance, and Corrective Actions (MS&CA) Program. The purposes of the scoping survey 
were: ( 1) to identify levels of radioactive contamination and hazardous waste [as defined 
by the Resource Conservation and Recovery Act (RCRA)] that may be present from 
storage of nuclear materials and/or hazardous waste chemicals on the pad and (2) to 
determine if the concentrations of these contaminants dictate corrective actions to minim­
ize personnel exposure and / or environmental insult. 

Survey results show significantly elevated gamma exposure rates due to contamination 
around the perimeter of the concrete pad, emanation of radiation from extraneous sources 
(interior of Building 3581), and contaminated items located on the pad. Results of biased 
soil samples indicate 137 Cs as the dominant detectable radionuclide, with a maximum of 
180,000 pCi/g and an average of 8300 pCi/g. Seven biased soil samples taken at the sur­
vey site did not exhibit the four characteristics that define hazardous waste under RCRA 
(extraction procedure toxicity, ignitability, corrosivity, and reactivity). Recommendations, 
including suggested corrective actions, are given. 

xi 
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RADIOLOGICAL AND RCRA HAZARDOUS WASTE SCOPING SURVEY OF 
THE STORAGE PAD SOUTHWEST OF BUILDING 3503 

INTRODUCIION 

An outdoor concrete pad 13.3 x 16.6 m (40 x 50 ft) located southwest of Building 
3503 was built in the late 1950s and used for storage of radioactive materials, such as 
239pu, and various hazardous waste chemicals. I The pad also served as storage for nuclear 
material containers, scrap material, and other equipment associated with various metal 
recovery operations. In the late 1970s, a portion of the pad was removed, and the remain­
ing pad was covered with an additional to-cm (4-in.) concrete layer in order to fix surface 
contaminants. 1 

An outdoor radiological and hazardous waste scoping survey of the storage pad site 
was conducted during the period September 8-12, 1986, by the Environmental Assess­
ments group of the Health and Safety Research Division (HASRD) of Oak Ridge 
National Laboratory (ORNL) at the request of the Maintenance, Surveillance and 
Corrective Actions (MS&CA) Program of ORNL. 

The purpose of the exterior scoping survey at this site was to determine whether 
radioactive materials and Resource Conservation and Recovery Act (RCRA) hazardous 
wastes are present and, if so, to determine if their concentrations dictate corrective actions 
to prevent personnel exposure and/or spreading of surface contamination. Specifically, the 
objectives of the survey were: ( I) to determine the nature and extent of radiological con­
tamination and the nature and extent of hazardous waste as defined in RCRA; (2) to 
identify types of radionuclides and RCRA hazardous waste at the site; (3) to illustrate 
the areal extent of radiological contamination in conjunction with the ORNL master grid 
coordinate system; and (4) to collect biased, composite, and systematic surface (0-15 em) 
and subsurface (15-<40 cm) soil samples to determine the extent of radiological and 
RCRA hazardous waste contamination. 

This report describes the results of the outdoor scoping survey. An overview of outdoor 
measurements and soil sample results, indexed to figures and tables, is presented in 
Table 1. Two views of the site are shown in Figs. 1 and 2. These figures show several 
metal drums, equipment, and other items stored on the pad. A scaled drawing of the grid 
system used in the outdoor survey of the storage pad site is shown in Fig. 3. The results 
of this survey will be used to determine whether the site is in compliance with applicable 
U.S. Environmental Protection Agency (EPA), U.S. Department of Energy (DOE), and 
State of Tennessee environmental and/or health regulations. Remedial action guidelines 
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for surface soil concentrations of several radionuclides have been developed. 2-4 Although 
these guidelines are not applicable for ORNL facilities, they may be useful as a general 
reference for contamination cleanup and waste control. 

SURVEY METHODS 

The radiological and RCRA hazardous waste scoping survey at this site included: 
(1) gamma exposure rates at outdoor grid locations, 1 m above the ground surface and at 
the ground surface; (2) range of gamma exposure rates obtained during scan of grid 
blocks; (3) direct alpha activity measurements of the concrete pad and various items 
stored on the pad; and (4) samples of outdoor soil and analysis of these samples. 

For convenience in reporting results, the entire outdoor area was subdivided into 6.6-m 
(20-ft) grid block subsections in accordance with the ORNL master grid system as shown 
on Fig. 3. 

A comprehensive description of the survey methods and instrumentation is presented in 
Procedures Manual for the Remedial Action Survey and Certification Activities 
(RASCA) Program, Oak Ridge National Laboratory, ORNL/TM-8600 (September 
1982).5 

SURVEY RESULTS 

BACKGROUND AND REGULATORY LEVELS 

Typical background radiation and chemical waste levels at ORNL sites vary because of 
past and present research and development activities, particularly those activities directly 
involved with radioactive materials and/or chemicals. In February 1987, uncontaminated 
areas at the perimeter of ORNL were surveyed for external gamma radiation, and concen­
trations of selected radionuclides were determined from sampled soil. These background 
data are presented in Table 2 for comparison with the survey results presented in this sec­
tion. The locations of these measurements and soil sampling sites are shown on Fig. 4. 

In 1980, the EPA, under Subtitle C of RCRA, established regulatory levels for certain 
metals and pesticides using the Extraction Procedure Toxicity Characteristic (EPTC) test.6 

If the regulatory levels are exceeded, discarded materials or contaminated soils must be 
managed as hazardous waste. Table 3 presents the maximum concentration of contam­
inants for the EPTC. 

All measurements presented in this report are gross readings; background radiation lev­
els have not been subtracted. Similarly, background concentrations have not been sub­
tracted from radionuclide concentrations in soil samples. It should be noted that outdoor 
gamma exposure rates at the storage pad site may be significantly influenced by the addi­
tion and/or removal of contaminated equipment, drums, materials, etc., from the storage 
pad or adjacent facilities. 
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GAMMA EXPOSURE RATE MEASUREMENTS 

The concrete storage pad site was scanned with a portable gamma scintillation meter, 
and the range of gamma radiation levels was recorded. Because scintillation meter read­
ings are in counts per minute (cpm), a formula must be used to convert the data to 
microroentgens* per hour (/LR/h). The equation is: 

where 

y = x/CF 

y = the exposure rate in /LR/h, 

x the scintillometer measurements in counts per minute (cpm), 

CF the conversion factor determined in the field through a direct correlation 
between a selected number of Pressurized Ionization Chamber (PIC) meas­
urements and scintillometer measurements in cpm/(/LRh). 

For this site, CF = 1736. 

Results of grid point/grid block gamma exposure rate measurements taken outdoors at 
the storage pad site are presented in Table 4. Due to radiation emanating from sources 
located inside Building 3581 and radiation emanating from the settling pond southwest of 
the site, it was necessary to dig numerous post holes (-30 cm deep) and lower the NaI 
probe of the portable gamma scintillation survey meter into the holes to more accurately 
define regions of contamination. Outdoor gamma exposure rates near the northeast end of 
Building 3581 were elevated by a factor of at least 5. 

Gamma exposure rates at 1 m above the ground surface ranged from 26 to 320 /LR/h 
and averaged 67 /LR/h. Gamma exposure rates at the ground surface at grid points 
ranged from 31 to 250 /LR/h and averaged 64 /LR/h .. By comparison, background gamma 
exposures at 1 m above the ground surface ranged from 8 to 13 /LR/h and averaged 10 
/LR/h. Background gamma exposure rates at the ground surface ranged from 10 to 17 
/LR/h and averaged 13 /LR/h. 

Four regions (A through D) of elevated gamma exposure rates and their respective 
areas of contamination (m2) are shown in Fig. 5. Radiation levels were also elevated over 
portions of the concrete pad. However, these elevated levels do not appear in Fig. 5 
because gamma exposure rates were influenced by radiation emanating from inside Build­
ing 3581, from contaminated soil adjacent to the pad, and from the settling pond 
southwest of the survey site. To define the extent of contamination under the pad, if any, 
drilling and core sampling will need to be performed. 

Region A, found adjacent to the north perimeter of the concrete pad, showed gamma 
exposure rate measurements ranging from 58 to 1300 /LR/h. The total area of contamina­
tion in Region A encompasses -33 m2• 

·The roentgen (R) is a unit that was defined for radiation protection purposes for people 
exposed to penetrating x rays or gamma radiation. A microroentgen (/LR) is one millionth of a 
roentgen. A milliroentgen (mR).is one thousandth of a roentgen or one thousand microroentgens. 
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Region B, located off the west and southwest perimeter of the pad, is the largest con­
taminated ground area, encompassing -88 m2. Elevated gamma exposure rates ranged 
from 95 to 5000 p.R/h. Several high outdoor gamma measurements were found, specifi­
cally in grid block 5. 

Regions C (-5 m2) and D (-2 m2) showed elevated gamma exposure rates, with a 
range from 58 to 5000 p.R/h in Region C and a reading of 3000 p.R/h in Region D. High 
outdoor gamma measurements scanned to 5000 p.R/h in grid block 18. 

These survey results generally support a previous scoping survey that reported a I-m 
(3-ft) band of radiological contamination off the west and south perimeter of the pad. 1 

SURFACE MEASUREMENTS 

Direct alpha measurements taken on the pad were recorded (see Table 5). The loca­
tions of these measurements are denoted on Fig. 6. Direct alpha activities ranged from 16 
to 356 dpm/l00 cm2 and averaged 113 dpmjlOO cm2• The highest reading (356 dpmjlOO 
cm2) was found at the southwest corner of the concrete pad (location #2). 

A wooden pallet, also located at the southwest corner of the pad (location #1), meas­
ured 237 dpm/ 100 cm2 on contact. It should be noted that several items on the pad, such 
as drums and the wooden pallet, are not permanent fixtures of the site. 

SOIL SAMPLING - RADIONUCLIDES 

Sixty-nine soil samples were taken at the site. Twenty-two of these [denoted as biased 
samples (BR)] were taken in regions having elevated gamma exposure rates. Thirty-eight 
samples [denoted as systematic samples. (SR)] were taken in areas with essentially back­
ground gamma exposure rates, and nine samples [denoted as composite samples (CR)] 
consist of aliquots (0-5 cm) of soil taken from the center of each grid block along a 
specific grid line. Samples were taken at depths of 0 to 15 cm (surface) and 15 to <40 
cm (subsurface). The locations of soil sample hole numbers with regions of elevated 
gamma exposure rates are shown in Fig. 7, and the results of soil sample analysis 
(gamma-ray spectrometry) are presented in Tables 6 and 7. 

The concentrations [picocuries* per gram (pCi/ g)] of 13 radionuclides in 22 biased, 38 
systematic, and 9 composite soil samples are presented in Tables 6 and 7. The results of 
seven of these (241 Am, 57Co, 60Co, StCr, 134Cs, 137Cs, and 152Eu) are presented in Table 6. 
The results of the remaining six radionuclides (40K, 54Mn, 226Ra, 228Ra, 232Th, and 234Th) 
are presented in Table 7. 

In biased soil samples, the range and mean concentration values [values greater than 
the minimum detectable activity (MDA)] for each radionuclide are as follows: 

·The curie (Ci) is a unit used to define the radioactivity in a substance and equals that quantity 
of any radioactive isotope undergoing 2.2 x 1012 disintegrations per minute. The picocurie is one 
million-millionth of a curie, or that amount yielding 2.2 disintegrations per minute. 
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Americium-241 concentrations in soil ranged from 0.11 to 0.58 pCi/g and averaged 
0.35 pCi/g. The maximum concentration of 241Am (0.58 pCi/g) was identified in soil 
sample BR39A, hole #8, region A. 

One 57Co concentration value (0.055 pCi/g) was detected in sample BR6A, hole #5, 
region B. 

Cobalt-60 concentrations in soil ranged from 0.077 to 30 pCi/g and averaged 15 
pCi/g. The maximum concentration of 60Co (30 pCi/g) was identified in soil sample 
BRI8B, hole #14, region C. . 

Chromium-51 concentrations in soil ranged from 3.0 to 34 pCi/g and averaged 18 
pCi/g. Concentrations as high as 34 pCi of SICr per gram of soil were found in soil sam­
ple BR39 A, hole #8, region A. 

Cesium-134 concentrations in soil ranged from 9.4 to 230 pCi/g and averaged 120 
pCi/g. Concentrations as high as 230 pCi of 134Cs per gram of soil were found in soil 
sample BR5A, hole #1, region B. 

Cesium-137 concentrations in soil ranged from 1.6 to 180,000 pCi/g and averaged 
8300 pCi/g. Concentrations as high as 180,000 pCi of 137Cs per gram of soil were found 
in soil sample BR18B, hole #14, region C. 

Europium-152 concentrations in soil ranged from 0.34 to 71 pCi/ g and· averaged 24 
pCi/g. The maximum concentration of 152Eu (71 pCi/g) was identified in soil sample 
BR5B, hole #1, region B. 

Potassium-40 concentrations in soil ranged from 1.2 to 280 pCi/ g and averaged 28 
pCi/g. Concentrations as high as 280 pCi of 40K per gram of soil were found in soil sam­
ple BR5A, hole #1, region B. 

Manganese-54 concentrations in soil ranged from 0.023 to 5.9 pCi/ g and averaged 1.5 
pCi/ g. Concentrations as high as 5.9 pCi of 54Mn per gram of soil were found in soil 
sample BR5B, hole #1, region B. 

Radium-226 concentrations in soil ranged from 0.48 to 1.5 pCi/g and averaged 1.0 
pCi/g. The maximum concentration of 226Ra (1.5 pCi/g) was identified in soil samples 
BR6A and BR6B, hole #5, region B, and BR39A, hole #8, region A. 

Radium-228 concentrations in soil ranged from 0.85 to 3800 pCi/g and averaged 220 
pCij g. Concentrations as high as 3800 pCi of 228Ra per gram of soil were found in soil 
samples BR5A, hole #1, region B. 

Thorium-232 concentrations in soil ranged from 0.81 to 3800 pCi/g and averaged 220 
pCi/g. The maximum concentration of 232Th (3800 pCi/g) was identified in soil sample 
BR5A, hole #1, region B. 

Thorium-234 concentrations in soil ranged from 0.61 to 750 pCi/g and averaged 130 
pCi/g. The maximum concentration of 23~h (750 pCi/g) was identified in soil sample 
BR5A, hole #1, region B. 
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The results of soil analysis from 38 systematic samples (samples taken in areas with 
essentially background gamma exposure rates) indicate 40K and 137Cs as the dominant 
detectable radionuclides with average concentrations of 15 and 8.2 pCi/g, respectively. 

The results of soil analysis from nine composite samples (samples consisting of 0-5-cm 
aliquots taken from the center of each grid block along a specific grid line) indicate that 
grid line sample CR21-50 contained the highest concentrations of 241Am (23 pCi/g) and 
137Cs (63 pCi/g). Grid line sample CR14-49 contained the highest concentrations of 
228Ra (39 pCi/g) and 232Th (39 pCi/g). 

The concentrations of 23SU and 238U in 8 biased and 28 systematic soil samples (neu­
tron activation analysis) are presented in Table 8. Uranium-235 concentrations in biased 
soil samples ranged from 0.035 to 37 pCi/g and averaged 8.6 pCi/g. Concentrations as 
high as 37 pCi of 235U per gram of soil were found in soil sample BR5B, hole #1, region 
B. Uranium-238 concentrations in biased soil samples ranged from 0.60 to 930 pCi/g and 
averaged 2tO pCi/g. The maximum concentration of 238U (930 pCi/g) was identified in 
soil sample BR5B, hole #1, region B. 

Concentration values (pCi/g) of three alpha-emitters (244Cm, 238pu, 239pU) and one 
beta-emitter (90Sr) were determined in eight biased and four systematic soil samples. 
These data are presented in Table 9. In biased soil samples, the concentration range and 
mean for each radionuclide are as follows: 

Curium-244 concentrations in soil ranged from 0.00054 to. 1.1 pCi/g and averaged 
0.44 pCi/g. The maximum concentration of 244Cm (1.1 pCi/g) was identified in soil sam­
ple BR5A, hole #1, region B. 

Plutonium-238 concentrations in soil ranged from 0.13 to 700 pCi/g and averaged 150 
pCi/g. Concentrations as high as 700 pCi of 238pu per gram of soil were found in soil 
sample BR5A, hole #1, region B. 

Plutonium-239 concentrations in soil ranged from 0.54 to 68 pCi/g and averaged 24 
pCi/g. The maximum concentration of 239pu (68 pCi/g) was identified in soil sample 
BR5A, hole #1, region B. 

Strontium-90 concentrations in soil ranged from 1.9 to 110 pCi/g and averaged 33 
pCi/g. The maximum concentration of 90Sr (1tO pCi/g) was identified in soil sample 
BR18B, hole #14, region C. 

Background concentration levels of eight radio nuclides were determined from soil sam­
ples taken from uncontaminated areas at the perimeter of ORNL. These data are 
presented in Table 2 for comparison with survey results. 

SOIL SAMPLING - RCRA HAZARDOUS WASTE 

The Resource Conservation and Recovery Act, as enacted by Congress in 1976, gave 
EPA the statutory authority to promulgate specific regulations governing the disposal of 
solid and hazardous wastes.7 The first major codification in the Code of Federal Regula­
tions was in 1980, and in 1984 substantial amendments were added that provided more 
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detail and specific requirements. Effective October 25, 1986,ORNL was granted a per· 
mit by the Tennessee Department of Health and Environment, Division of Solid Waste 
Management, authorizing the storage of hazardous waste at the Hazardous Waste Storage 
Facility, Building 7652.8 Issuance of this permit is in accordance with the Tennessee 
Hazardous Waste Management Act. 

Two mechanisms were established for identifying a solid waste as hazardous: (1) an 
EPA hazardous waste list and (2) a set of EP A·defined hazardous waste characteristics. 
A solid waste not listed as a hazardous waste is deemed hazardous if it exhibits one of 
four characteristics: extraction procedure (EP) toxicity, ignitability, corrosivity, or reac­
tivity. 

EP Toxicity 

The EP toxicity characteristic was designed to identify wastes that may leach hazar­
dous concentrations of specific toxic constituents (see Table 3). EP A testing protocol 
requires leaching a sample of solid waste with an acetic acid solution (pH 5.0 ± 0.2) for 
24 h and then testing the extract for contaminants identified in the Safe Drinking Water 
Act. Waste displays the EP toxicity characteristic if it exhibits concentrations of a toxic 
constituent 100 times those stated in the National Interim Primary Drinking Water Stan­
dards (DWS). 

Table 10 gives the results of EP toxicity test for eight RCRA metals (arsenic, barium, 
cadmium, chromium, lead, mercury, selenium, and silver) in seven biased soil samples. All 
contaminant values are well below the maximum concentration for EP toxicity characteris­
tic. Table 11 shows the results of EP toxicity test for four RCRA insecticides and two 
herbicides [Lindane, Endrin, Toxaphene, Methoxychlor, 2,4-D, and 2,4,5-TP (Silvex)]. 
All values are well below those given in Table 3 for the maximum concentration of coh­
taminants for characteristic of EP toxicity. 

Ignitability 

A solid waste displays the characteristic of ignitability if it meets one of four criteria. 

1. It is a liquid (other than an aqueous solution containing <24% alcohol by volume) 
with a flash point <60°C (140°F). 

2. It is a nonliquid that under normal conditions can cause fire through friction, absorp­
tion of moisture, or spontaneous chemical changes, and it burns so vigorously when 
ignited that it creates a hazard. 

3. It is an ignitable compressed gas [as defined by U.S. Department of Transportation 
(DOT) regulations in 49 CFR 173.300]. 

4. It is an oxidizer (as defined by DOT regulations in 49 CFR 173.151). 

The ignitability characteristic of seven biased soil samples is shown in Table 12. For 
all soil samples tested, the flash point was >70°C, which is in compliance with the above 
stated criteria. 
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Corrosivity 

A solid waste displays the characteristic of corrosivity if it meets one of two criteria. 

1. It is aqueous and has a pH of ~2.0 or ~ 12.5. 

2. It corrodes steel at a rate of >6.35 mm (0.250 in.) per year at a test temperature of 
55°C (130°F). 

Table 12 shows the corrosivity characteristic of seven biased soil samples. The pH 
ranged from 4.93 (BOI5A, hole #1, region B) to 8.26 (BOI5, hole #2, region B), and the 
average pH was 7.0 (neutral). These values indicate that the soil samples do not display 
the corrosivity characteristic. 

Reactivity 

The characteristic of reactivity is exhibited if wastes are extremely unstable, to the 
point of reacting violently or exploding during stages of waste management (e.g., when 
mixed with water or heated), or if wastes are cyanide- or sulfide-bearing and can generate 
toxic gases, vapors, or fumes when exposed to pHs between 2 and 12.5. 

The seven soil samples listed in Table 12 were tested for the presence of sulfide and 
cyanide. For all samples tested, sulfide was <0.01 mg/g, and cyanide was <0.1 p.g/g. 
These values indicate that the samples tested do not display the reactivity characteristic. 

SIGNIFICANCE OF FINDINGS 

Measurements of gamma exposure levels taken outdoors at the storage pad site deter­
mined that exposure rates at 1 m above the ground surface ranged from 26 to 320 p.R/h 
and averaged 67 p.R/h. Additionally, gamma exposure rates at the ground surface at grid 
points ranged from 31 to 250 p.R/h and averaged 64 p.R/h. For comparison, background 
gamma exposure rates (determined from 18 measurements taken from 9 uncontaminated 
locations at the perimeter of ORNL) at 1 m above the ground surface averaged 10 p.R/h 
and ranged from 8 to 13 p.R/h; background gamma exposure rates at the ground surface 
averaged 13 p.R/h and ranged from 10 to 17 p.R/h. 

Gamma exposure rates are significantly elevated due to several radiological sources 
near the storage pad site. Radiation levels are elevated from radiological sources inside 
Building 3581, various items found on the concrete pad (wooden pallet), contaminated soil 
adjacent to the perimeter of the pad, and the settling pond located southwest of the survey 
site. Regions A (58-1300 p.R/h) and B (95-5000 p.R/h) show contamination extending 
-6.6 m (-20 ft) off the north, west, and south perimeters of the pad, respectively (see 
Fig. 5). 

Direct alpha activities ranged from 16 to 356 dpm/l00 cm2 and averaged 113 
dpm/IOO cm2• The highest reading (356 dpm/lOO cm2) was found at the southwest 
corner of the concrete pad (location #2). 
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Results of analysis of 22 biased soil samples indicate 137Cs as the dominant detectable 
radionuclide. Cesium-I37 concentrations averaged 8300· pCi/ g and ranged as high as 
180,000 pCi/g in subsurface soil sample BR18B (hole #14). Plutonium-238 concentra­
tions in surface and subsurface samples BR5A (hole #1) and BRSB (hole #1) were 700 
and 200 pCi/g, respectively. Uranium-238 concentrations in surface and subsurface sam­
ples BR5A and BR5B were 560 and 930 pCi/g, respectively. As a statement for com­
parative purposes only, if surface soil remedial action guidelines2 were applicable for this 
site, the maximum surface l37Cs concentration (910 pCi/g) would exceed (by a factor of 
11) the criterion of 80 pCi/ g above background. The maximum surface 238pu concentra­
tion (700 pCi/g) would exceed (by a factor of 7) the criterion of 100 pCi/g above 
background;3 the maximum surface 238U concentration (560 pCi/g) would exceed (by a 
factor of 7.S) the criterion of 75 pCi/g above background.4 DOE is currently drafting 
guidelines (S480-series) that will establish new and updated radiation protection standards 
for DOE and DOE contractor operations. 

In each region of contamination, as determined by elevated gamma exposure rates, 
some soil samples were found to have high concentrations of various radionuclides. In 
Region A, soil sample BR39B (hole #4) contained the following radionuclides with their 
respective concentrations: 137Cs (1500 pCi/g), 228Ra (160 pCi/g), and 232Th (160 pCi/g). 
In Region B, soil sample BRSA (hole #1) contained the following radionuclides with their 
respective concentrations: I37Cs (72 pCijg), 228Ra (3600 pCi/g), and 232Th (3600 pCi/g). 
In Region C, soil sample BR18B (hole #14) contained the following radionuclides with 
their respective concentrations: l37Cs (180,000 pCi/g) and 90Sr (110 pCi/g). Residual 
contamination in soil from Regions A and B most likely results from radiological sources 
previously stored on the pad (Le., drum leakage or spills resulted in contamination extend­
ing.onto soil adjacent to the pad). 

Surface (0-15 em) concentration values of 235U and 238U in soil sample BR5A (hole 
#1) were 31 and 560 pCi/g, respectively. In addition, subsurface (15-30 cm) concentra­
tions of 235U and 238U in soil sample BR5B (hole #1) were 37 and 930 pCi/g, respectively. 
These samples were taken adjacent to the southwest corner of the pad, Region B. For 
comparative purposes, average concentration values for these radionuclides taken from the 
Oak Ridge Reservation from 1981 through 1985 ranged from 0.03 pCi/g (1981) to 0.11 
pCi/g (1983) for 235U and from 0.33 pCi/g (1980) to 0.60 pCi/g (1985) for 238u.9 Aver­
age background concentrations of 235U and 238U, determined from 25 soil samples taken 
from 7 locations at the perimeter of ORNL, were 0.045 and 1.1 pCi/ g, respectively. 

Strontium-90 concentrations in eight biased soil samples ranged from 1.9 to 110 pCi/g 
and averaged 33 pCi/g. The maximum concentration of this beta-emitter was 110 pCi/g 
(BR18B, hole #14) in soil sampled from region C. The highest radionuclide concentration 
detected from three alpha-emitters (244Cm, 238pu, 239pu) was 238pu at 700 pCi/g (BR5A, 
hole #1), sampled from region B. 

The results of the Extraction Procedure Toxicity Characteristic test for eight RCRA 
metals (arsenic, barium, cadmium, chromium, lead, selenium, silver, and mercury), four 
insecticides (Lindane, Endrin, Toxaphene, and Methoxychlor), and two herbicides [2,4-D, 
and 2,4,5-TP (Silvex)] in seven biased soil samples indicate all contaminants were below 
their respective regulatory levels. In addition, soil samples did not exhibit RCRA hazar­
dous waste characteristics for ignitability, corrosivity, or reactivity. 
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RECOMMENDATIONS 

Analyses of outdoor radiological data from this scoping survey indicate a potential 
environmental and/or health hazard, depending primarily on the future use of the site. 
Corrective actions, such as removing identified contaminated items now on the pad, would 
reduce outdoor gamma exposure rates and alpha emissions associated with emanation from 
these sources. Currently (4/4/87), a yellow rope extends transversely (north/south) 
across the west end of the pad with two radiation hazard tags attached. Inscribed on each 
tag are "C-zone" and beta-gamma measurement readings of "-1500 d/m" and "-4200 
d/m," respectively. This roped boundary represents the opening to the covered shed area 
(west end of the pad and encompassing -1/4 of the total pad area), which houses several 
wooden skids, scrap material, and various pieces of equipment. 

We recommend that existing radiation control measures, as stated in the ORNL 
Health Physics Manual,10 be implemented for three regions depicted in Fig. 7. A physical 
boundary, such as a yellow rope, should extend beyond the perimeters of Regions B, C, 
and D. We further recommend that "radiation zone" signs be attached to these roped 
areas. This type of sign is determined to be the most appropriate zoning sign based on 
guidelines for establishing radiation zones (see Sect. 2.7).10 Elevated gamma exposure 
rates in Regions B, C, and D ranged as high as 5, 5, and 3 mR/h,· respectively, exceeding 
the lower guideline limit (0.003-0.006 rem/h) for establishing a radiation zone. lO Addi­
tionally, one direct surface alpha measurement (356 dpm/lOO cm2) exceeded the guideline 
limit9 (300 dpm/IOO cm2) for establishing a "contamination zone" (see Table 5 and Fig. 
5). The location of this measurement (location #2) is encompassed in the recent (3/2/87) 
radiation hazard boundary established by ORNL Health Physics. 

We further recommend that Region A, located adjacent to the north perimeter of the 
concrete pad, be roped with radiation hazard tags attached. Gamma exposure rates 
scanned to 1.3 mR/h, and soil sample analysis [BR39A and BR39B (hole #4)] indicates 
significant 137Cs contamination (910 and 1500 pCi/g, respectively). This recommendation 
is in accordance with the radiation safety policy of ORNL to conduct all operations in 
such a manner that personnel exposures to radiation or contamination are maintained at a 
level as low as is reasonably achievable (ALARA). 

*Gamma exposure rates in roentgens (R) are considered essentially numerically equal to 
absorbed doses in rads to tissue irradiated at the same point or to dose equivalents in rem. There-
fore, it is assumed that a roentgen 1 rad = 1 rem for gamma values. 
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Fig. 1. Storage pad soutbwest of Building 3503, looking nortbwest. 

ORNL-PHOTO 0036-86 

1\. dr--
i ~ . 

ii! 
~r 
!"; :, 



-
-' .

. "
'_"

'-,'.
_' 

i ~ 
li
lt

"
"
 



.. :_ .. __ .. __ .' ....... ' ... "i" __ 

ORNL-DWG 87-1130:1 

BLDG 3503 

56 57 58 59 60 61 62 63 64 65 
+ + + + + + + + + 

~ 46 47 48 49 51 54 55 
+ + + + + + + + + 
0 ~ v .... 1 ~ 

~ 
N. 

t 
36 37 /38 I };9 42 43 44- 45 
+ + 0 + + + + + 

STORAGE PAD 

26~ 27 L -j28 29 30 32 33 -34 35 VI 

+ + + + + + + + 

3 4 

~ 
9 10 11 12 

FEET 
+ + + + + + + o 5 10 20 

---o 1 3 6 
METERS 

13 ~ 16 
17 18 19 

20+ X1087002 
+ + So + + + + 

vth~". 
~(jr:: 

DriVe 

21 22 ---23~5 
+ + + -f + 

Fig. 3. Scaled drawing of the grid system used in the outdoor survey of the storage pad site. 
. ~.;;:" ':;<"\.~" 

,:,'-



N. 

BEAR 

BETHEL 

o 5 
LL_~L __ L_L~ 

5000 fEET 
Xl0 BG 1 

>­
~ 
:c 

JONES 
ISLAND 

i 7,8 
ORNL-DWG 87-11303 

OAK RIDGE TURNPIKE 

CREEK 
• 
t 

5.,6 
13.14 10..000 fT. fROM U AND 12 -........., 

3.,4 

V ALLEY ~_-=-./r---. 

• X-10 
, MEL 11JN VALLEY DR 

112* . 

\JHITE OAK LAKE 

-Data obtained from location 1,2 were not used to cal­
culate background range. or averages because of the 
loc:atton'. proximity to ereaa of elavated gamma exposure 
rate •• 

11.,12 

ROAD ~ 
15,16 9,350 fT. 
F'RIJM 13 AND 14 

MELTON 
HILL 
LAKE 

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

.. 

Fig. 4. Locations of background gamma exposure rate measurements and soil samples taken at the perimeter of ORNL. 



......... --- ...... ' •• ' ..... 1 .. --

REGION 
M2 

uR/hr 

56 
+ 

46 

+ o 
36 
+ 

26 

57 
+ 

+ 

+ '" + 

3 

+ 

A 

33 

58-1300 

+ 

B 

88 

95-5000 

58 

+ 

+ 
~ 

59 
+ 

60 

+ 

+ ::::'}:}X&.%@J 

}}I):JJ%.}}kIDJ{·:m;{,::\:.:> 
13 

+ 

C 

5 

58-5000 

"::.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.;.:.:. 

,. 
+ SOlJtl]. 

Stet (j Drive 

21 
D + 
2 

3000 

61 

+ 

+L 

+ 

22 

+ 

BLDG 3503 

62 

+ 

+ 

+ 

+ 

+ 

+ 

63 
+ 

+ 

+ 

+ 

+ 

+ 

© 

64 
+ 

+ 

~ 

+ 

+ 

:tfrri\tf 

+ 

23~ 25 
+ +~ 

55 
+ 

@,.~f:\~;,!· 

\ ~5 

35 

\ ; 
L 

20+ 

Fig. 5. Locations of regions of elevated gamma exposure rates at the storage pad site. 

ORNL-DWG 87-11304 

N. 

t 
...... 
-J 

FEET 
0 5 10 20 

---
! 

o 1 3 6 
METERS 

X1087002 



ORNL-DWG 87-11305 

BLDG 3503 

56 57 58 59 60 61 62 63 64 65 
+ + + + + + + + + + 

46 55 
+ + + + + + + 

~ 
~ 

N. 

t 
36 45 
+ + + + + 

.-
26 35 

00 

+ + + + + + 

3 12 

+ + '+ + + 
FEET 

+ 0 5 10 20 -- ! 

o I 3 6 
METERS 

13 
20 + Xl 057002 

+ + s. + + + + 
oliff) . 

SI(/e . 
Drive 

21 23~5 
+ + + + + 

Fig.6. Locations of alpha measurements at the storage pad site. 

- - - ... - - - - -' .. - ,- -' .... - - - ,-



--~~--~-~----~-~~--

56 
+ 

20 

• 46 

+ 

D· 
19 

36 
+ 

• 
26' 18 

+ 

3 

+ 

REGION A 

M2 33 

uR/hr 58-1300 

BLDG 3503 

57 58 59 50 61 62 U + + + + + + + + 
21 22 23 
• • • 

55 
+ + 17, + • + + 

[g] • 25 • 12 @"!i'!~~;;; 
24 11 ~ 

: . .7: :':':':':. • 45 
+ + 26 + + 

• 
13 35 

+ ~i.'y + + 11~ +10 + • + + 
27. ::~:::::::: • 

+ 

B 

88 

95-5000 

l::tllrnl~llj~~'r 
13 

+ 

C 

5 

58-5000 

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

~ 
.. :.:.:.:.:.:.:.:-:-:-:.:.:.:.:.:.:.:. + " .... : .. :-:-:.::. 1 5 • 

"'0 ... ,... 
(;ti]s' 

Irtc! 
Drive 

21 22 
D + + 
2 

3000 

14 
12 

28 + 29 
+ .:ii(l',,+© + ;1~;;.tI;.\:. 

• • ~~~fl~~~\' 
~ ", t 

30 

+ + + 20+ 

23~ 25 
+ +--------=t 

ORNL-DWG 87-11306 

.N. 

t 
FEET 

o 5 10 20 
Iiiiiii 
o 1 3 6 

METERS 

X1087002 

Fig. 7. Locations of soil sample hole numbers with regions of elevated gamma exposure rates at the storage pad site. 

-\0 



REGIOI\! 
M2 

uR/hr 

• _ .. 

56 

+ 

46 

+ o 
36 
+ 

26 
+ 

J 

+ 

A 

33 

58-1300 

57 58 
+ + 

+ 

+ 

+ 

B C 

88 5 

95-5000 58-S000 

BLDG 3503 

59 60 61 62 I!' 64 65 
+ + + + + + 

I 
c= 

"'" 
+ + + 

~ 

+ I + + + 
45 
+ 

+ + 

I HP ropo with two radiation hazard togs attached (3/2/87) I HP radiatlan hazard tag "C-zane" N4200 dpm (beta-gamma) (3/2/87) 

~ STORAGE P AD/ 
+ -t! + \~ 

HP rodiaUon hozord tag "C-zone" ~1500 dpm (beta-gammo) (3/2/87) 

+ +@~~, \~ 
::'::;!:;:.:::::: _Radiation Zone 
~:;?;;;;:J:' I

L 

__ -

+ + + 

D 
23~ 25 
+ +--------=t 

2 

3000 

ORNL-DWG 87-11307 

N. 

t 
FEET 

o 5 10 20 
IMii 
o 1 3 6 

METERS 

X108702A 

Fig. 8. Locations of regions of elevated exposure rates with recommended radiation and contamination zones. 

- - - -- .' - - - - -- - -

N o 

- -



---------~---~~----

Table 1. Summary of outdoor measurements and soil sample results at the storage pad soutbwest of Building 3503, 
indexed to figures and tables 

Number of Figure Table 
Measurement or sample type measurements Rangea Meanb number and number and 

or samples location location 

Grid point measurements 

Gamma exposure rates at I m ("Rib) 59 26-320 67 Fig. 5, p. 17 Table 4, p. 26 
Gamma exposure rates at surface ("R/h) 59 31-250 64 Fig. 5, p. 17 Table 4, p. 26 

Surface measurements 

Alpha activity (dpm/lOO cm2) 14 16-356 113 Fig. 6, p. 18 Table S, p. 28 

RCRA hazardous waste characteristicsC 

N 
EP toxicity test - 8 metals 7 Fig. 7, p. 19 Table 10, p. 40 -
EP toxicity test 4 insecticides and 7 Fig. 7, p. 19 Table 11, p. 41 

2 herbicides 
Ignitability, corrosivity, and reactivity 7 Fig. 7, p. 19 Table 12, p. 42 

Region A (33 ml) \) 

Scan, gamma exposure rales near surface ("Rlh) 58-1300 Fig. 5, p. 17 Table 4, p. 26 

Concentration of selected radionuc/ides in soil 
(pCilg dry WI) 

I31Cs 7 5.2-1500 360 Fig. 7, p. 19 Table 6, p. 29 
239pu 2 18-38 28 Fig. 7, p. 19 Table 9, p. 39 
228Ra 7 1.8-160 36 Fig. 7, p. 19 Table 7, p. 33 
90Sr 2 9.7-19 14 Fig. 7, p. 19 Table 9, p. 39 
232Th 7 1.8-160 36 Fig. 7, p. 19 Table 7, p. 33 



Table 1 (condnued) 

Number of Figure Table 
Measurement or sample type measurements Rangea Meanb number and number and 

or samples location location 

Region B (88 m1) 

Scan, gamma exposure rates near surface (pRjh) 95-5000 Fig. 5, p. 17 Table 4, p. 26 

Concentration of selected radionuclides in soil 
(pCijg dry wt) 

mCs 11 1.6-370 63 Fig. 7, p. 19 Table 6, p. 29 
238pu 4 <0.27-700 450 Fig. 7, p. 19 Table 9, p. 39 
239pU 4 <0.43-68 42 Fig. 7, p. 19 Table 9, p. 39 
228Ra 11 1.2-3800 380 Fig. 7, p. 19 Table 7, p. 33 
90Sr 4 1.9-26 14 Fig. 7, p. 19 Table 9, p. 39 
232Th II 1.2-3800 380 Fig. 7, p. 19 Table 7, p. 33 N 

N 23"Th 11 <0.83-750 160 Fig. 7, p. 19 Table 7, p. 33 
23SU 4 0.083-37 17 Fig. 7, p. 19 Table 8, p. 37 
238U 4 1.9-930 370 Fig. 7, p. 19 Table 8, p. 37 

Region C (5 m
'
) 

Scan, gamma exposure rates near surface (pRjh) 58-5000 Fig. 5, p. 17 Table 4, p. 26 

Concentration of selected radionuclides in soil 
(pCijg dry WI) 

I37Cs 4 4.7-180,000 45,000 Fig. 7, p. 19 Table 6, p. 29 
90Sr 2 70-110 90 Fig. 7, p. 19 Table 9, p. 39 

- - - - - - - - - - - - _ ... - - - - -
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Measurement or sample type 

Scan, gamma exposure rates near surface (p,R/h) 

Table 1 (continued) 

Number of 
measurements 

or samples 
Rangea 

Region D (2 m2 i 

3000 

Meanb 

aFor soil samples, values preceded by "<" denote less than the minimum detectable activity (MDA). 
bFor soil samples, the mean excludes all values preceded by "<", which denotes less than the MDA. 
cBiased soil samples. ' 
dNo soil samples were taken. 

" 

Figure 
number and 

location 

Fig. 5, p. 17 

Table 
number and 

location 

Table 4, p. 26 

IV 
W 
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Table 2. Background radiation levels and concentration of selected radionuclides 
in soil samples taken around the perimeter of ORNL 

Type of radiation 
measurement or sample 

Gamma exposure rate at I m above ground 
surface (~R/h)a 

Gamma exposure rate at ground surface (~R/h)a 

Concentration of selected radionuclides in soil 
(pCi/g dry wt)b 

l37Cs 

40K 

226Ra 

228Ra 

232Th 

23"Th 

23SU 

238U 

Radiation level or 
radionuclide concentration 

Range Average 

8-13 10 

10-17 13 

0.045-2.6 0.77 

2.6-19 10 

0.40-1.3 0.93 

0.46-1.7 0.88 

0.44-1.8 0.90 

1.0-3.2 1.9 

0.025-0.061 0.044 

0.53-1.5 1.0 

aValues were obtained from 18 measurements taken from 9 locations at the perimeter of 
ORNL. (See Fig. 4 for locations.) 

~ese radionuclide concentrations represent values above the minimum detectable activity 
(MDA). Values for 137es, 4OK, 226Ra, 228Ra, 232Th, and 234Th were obtained by gamma spec­
trometry analysis of 12 soil samples taken from 3 locations at the perimeter of ORNL. Values for 
23SU and 238U were obtained by neutron activation analysis of 21 soil samples taken from 6 loca­
tions at the perimeter of ORNL. 
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Table 3. Maximum concentration of contaminants for toxicity characteristic 
by extraction procedurea 

EPA 
hazardous waste 

identification 
number 

DOO4 Arsenic 
0005 Barium 
0006 Cadmium 
0007 Chromium 
0008 Lead 
0009 Mercury 
0010 Selenium 
0011 Silver 

Contaminant 

0012 Endrin (I ,2,3,4, 10,1 O-hexachloro-l. 7 -epoxy-
1 ,4,4a,5,6. 7 .8,8a-octahydro-l A-endo, endo-
5,8-dimethano-naphthalene 

0013 Lindane (1,2,3,4,5,6-hexachlorocyclohexane, 
gamma isomer 

0014 Methoxychlor (l,I,l-Trichloro-2,2-bis [p-
methoxyphenyl]ethane) 

0015 Toxaphene (C IOH IOCl18, Technical chlorinated 
camphene, 67-69 percent chlorine) 

0016 2,4-0, (2,4-0ichlorophenoxyacetic acid) 
0017 2,4,5-TP Silvex (2,4,5-Trichlorophenoxypropionic 

acid) 

Chemical 
Abstracts 

Registry number 

7440-38-2 
7440-39-3 
7440-43-9 
1333-82-0 
7439-92-1 
7439-97-6 
7782-49-2 
7440-22-4 

72-20-8 

58-89-9 

72-43-5 

8001-35-2 

94-75-7 
93-76-5 

a40 CFR 261.24, Ch 1 (7-1-85 Edition) Characteristics of EP toxicity. 

Maximum 
concentration 

(mg/L) 

5.0 
100 

1.0 
5.0 
5.0 
0.2 
1.0 
5.0 
0.02 

0.4 

10 

0.5 

10 
1.0 



I 
26 I 

Table 4. Gamma exposure rate measurements outdoors at the storage pad I southwest of Building 3503 

Grid point measurementsb 

I (~R/h) Range of gamma 
exposure rates Average gamma 

Locationa Gamma Gamma during scan exposure rates 

I Grid exposure exposure rate of grid blocksc of grid blocks 
point North East rate at 1 m at the surface (~R/h) (~R/h) 

3 21500 31220 75 81 75-92 81 I 26 21520 31220 75 81 81-92 86 
36 21540 31220 75 81 63-86 81 

I 46 21560 31220 69 72 49-75 63 
56 21580 31220 52 58 d d 
4 21500 31240 81 86 86-130 100 

27 21520 31240 92 100 100-260 120 I 37 21540 31240 100 100 72-130 100 
47 21560 31240 72 81 52-81 72 
57 21580 31240 46 52 d d 

I 13 21480 31260 86 86 81-100 86 
5 21500 31260 110 95 95-5000 120 

28 21520 31260 75 100 81-320 170 
38 21540 31260 320 250 75-250 100 I 48 21560 31260 86 81 81-100 86 
58 21580 31260 75 58 d d 
14 21480 31280 86 81 75-86 81 I 6 21500 31280 100 86 40-400 86 
29 21520 31280 e e 40-69 58 
39 21540 31280 86 58 40-1300 63 

I 49 21560 31280 75 63 40-75 58 
59 21580 31280 63 58 d d 
21 21460 31300 52 58 52-58 55 
15 21480 31300 60 58 29-58 55 I 7 21500 31300 55 58 46-69 55 
30 21520 31300 49 46 43-52 46 
40 21540 31300 46 40 35-120 46 I 50 21560 31300 26 31 31-40 37 
60 21580 31300 33 38 d d 
22 21460 31320 46 52 52-63 58 

I 16 21480 31320 58 63 58-63 58 
8 21500 31320 52 58 52-58 52 

31 21520 31320 58 52 43-58 52 
41 21540 31320 43 46 40-52 46 I 51 21560 31320 43 40 40-46 43 
61 21580 31320 43 43 d d 

I 
I 
I 
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I 
Table 4 (continued) 

Grid point measurementsb 

I 
(~R/h) Range of gamma 

exposure rates Average gamma 
Locationa Gamma Gamma during scan exposure rates 

Grid exposure exposure rate of grid blocksc of grid blocks 

I point North East rate at 1 m at the surface (~R/h) (~R/h) 

23 21460 31340 69 63 58-63 60 

I 17 21480 31340 69 63 58-63 58 
9 21500 31340 69 63 58-63 58 

32 21520 31340 69 58 58-58 58 

,I 42 21540 31340 58 52 52-58 58 
52 21560 31340 52 52 35-46 40 
62 21580 31340 46 43 d d 

I 
24 21460 31360 75 58 58-63 d 
18 21480 31360 69 58 58-5000 63 
10 21500 31360 69 58 58-86 69 
33 21520 31360 69 58 52-63 58 

I 43 21540 31360 58 52 46-58 52 
53 21560 31360 52 46 35·52 46 
63 21580 31360 f f d d 

I 
25 21460 31380 46 52 46-58 52 
19 21480 31380 52 52 52-58 52 
11 21500 31380 63 58 52-58 58 

I 
34 21520 31380 52 52 52-58 58 

\I 44 21540 31380 43 43 43·3000 46 
54 21560 31380 37 37 37-52 43 
64 21580 31380 f f d d 

I 20 21480 31400 52 52 d d 
12 21500 31400 63 58 d d 
35 21520 31400 52 52 d d 

I 
45 21540 31400 43 43 d d 
55 21560 31400 37 37 d d 
65 21580 31400 f f d d 

I aGrid point locations are shown on Fig. 3. 
bGrid point measurements are discrete measurements at each grid point. 
cGrid block measurements are obtained by a surface gamma scan of each grid block desig-

I nation. 
dOffsite. 
clnaccessible. 

I 
fA portion of Building 3503 intersects the grid block. 

I 
I 
I 
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Table 5. Alpba measurements at tbe storage pad soutbwest 
of Building 3503 

Locationa 

numbers 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Directly measured contamination 
Alpha 

(dpmjlOO cm2) 

237 
356 
150 
142 
102 
32 
80 

119 
16 

111 
71 
71 
63 
32 

aLocation numbers are shown on Fig. 6. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



-------------------
Table 6. Concentrations of 141 Am, S7Co, 6OCo, SICr, 134Cs, 137CS, and 1SlEu radionuclides 

in soil sample analysis from the storage pad southwest of Building 3503 

Loeationa Radionuclide concentration (pCi/g dry wt)b,c: 
Hole Sample Depth ---------------------------------

numbera ID North East (em) 241Am 

BR5A 21512 31269 0-15 <75 

BR5B 21512 31269 15-30 <510 

BR5 21515 31262 0-15 <1.2 

BR28A 21535 31272 0-15 <0.15 

BR28B 21S35 31272 15-30 <2.9 

BR39A 21552 31295 0-15 <0.51 

BR39B 21552 31295 15-30 <9.4 

57CO 6OCO 

Biased sampiesd 

<18 <6.7 

<1.4 

<0.35 

<0.11 

<0.80 

<0.41 

<2.5 

SICr 

<140 

34 ± 10 

<3.7 2 

3 

3 

4 

4 

5 

5 

6 

6 

7 

7 

8 

8 

8 

9 

9 

BR6A 21500 31280 O-IS O.ll ± 0.03 0.055 ± 0.03 

<0.39 

<0.074 

<0.11 

<0.12 

<0.23 

<0.44 

<0.040 

<0.063 

<0.028 

<0.085 

<0.035 

<0.055 

<0.033 

<0.084 

<0.088 

<0.036 

<0.077 

3.0 ± 2 

<1.8 

<15 

<25 

<0.74 

<1.1 

<0.67 

<2.1 

<0.66 

<1.3 

<0.66 

<3.6 

<3.9 

<0.66 

<1.3 

14 

14 

BR6B 21S00 31280 15-30 <0.60 

BRISA 21490 31302 0-IS <0.28 

BR15B 21490 31302 15-30 <0.084 

BR28A 21540 31267 0-15 <0.026 

BR28B 21S40 31267 15-30 <0.50 

BR39A 21550 31300 0-IS 0.58 ± 0.1 

BR39B 21SS0 31300 IS-30 <0.43 

BR39C 21550 31300 30-40 <0.11 

BR39A 21SS0 31285 0-IS <0.34 

BR39B 21550 31285 IS-30 <0.062 

BR18A 21S00 31380 0-15 <0.062 

BRI8B 21500 31380 15-30 <910 

<0.16 

<0.075 

<0.068 

<0.020 

<0.15 

<0.038 

<0.17 

<0.096 

<0.088 

<0.048 

<0.054 

<250 

0.077 ± 0.02 <2.0 

30 ± 50 <1000 

134(::S 

230 ± 100 

e 

<0.11 

<0.14 

<0.37 

<0.50 

9.4 ± 4 

<0.037 

e 

e 

<0.087 

<0.030 

<0.055 

e 

e 

<0.11 

e 

<0.074 

<0.069 

<94 

137Cs mEu 

72 ± 10 <84 

4.1 ± 0.8 71 ± 100 

66 ± 0.8 

120 ± I 

370 ± 2 

910 ± 5 

1500 ± 8 

9.9 ± 0.2 

<0.93 

<1.7 

<2.1 

<4.0 

<7.2 
<0.40 

1.6 ± 0.2 <0.61 

3.4 ± 0.1 0.34 ± 0.3 

22 ± 0.5 

6.7 ± 0.1 

14 ± 0.3 

6.0 ± 0.1 

84 ± 1 

66 ± 0.8 

<0.76 

<0.26 

<0.40 

<0.25 

<0.95 

<1.1 

5.2 ± 0.2 0.40 ± 0.5 

6.9 ± 0.3 

230 ± 0.7 

<0.62 

<0.15 

180,000 ± 900 <390 

IV 
\0 



Table 6 (continued) 

Location3 Radionuclide concentration (pCi/g dry wt)b.e 
Hole Sample Depth 

number3 ID North East (ern) 241Am 57CO 6OCo 51Cr Il4Cs 137Cs IS2Eu 

Biased sampiei 

30 BR18A 21490 31370 0-15 <0.76 <0.20 <0.070 <2.6 <0.094 14 ± O.S <0.52 

30 BR18B 21490 31370 IS-30 <0.14 <O.OSI <0.041 <1.1 <0.040 4.7 ± 0.2 <0.30 

Systematic sampiei 

10 SR9A 21S1O 31350 0-IS <0.086 <0.030 <0.033 <0.59 e 2.2 ± 0.08 <0.24 

10 SR9B 21510 313S0 15-30 0.20 ± 0.1 <0.046 <0.028 <1.2 e 44 ± 0.3 <0.21 

II SR42A 21S40 313S0 0-IS 0.59 ± 0.3 <0.080 <0.034 <0.78 <0.032 5.3 ± 0.1 <0.2S 

11 SR42B 21540 31350 15-30 0.046 ± 0.02 <0.018 <0.028 <0.71 <0.027 9.3 ± 0.1 <0.19 

12 SR43A 21560 31370 0-15 0.25 ± 0.4 <0.087 0.027 ± 0.05 <0.87 8.0 ± 0.2 <0.28 
t...I 

e 0 

12 SR43B 21560 31370 15-30 <0.27 <0.074 <0.032 <0.68 e 2.0 ± 0.1 0.37 ± 0.4 

13 SR33A 21520 31370 0-15 <0.81 <0.24 <0.070 <2.1 <0.086 31 ± 0.6 <0.54 

13 SR33B 21520 31370 IS-30 <0.018 <0.014 <0.028 <0.41 <0.023 0.58 ± 0.05 <0.18 

15 SR15A 21480 31320 0-15 <0.31 <0.090 <0.034 <0.78 <0.034 14 ± 0.2 <0.26 

15 SR15B 21480 31320 15-30 <0.069 <0.056 <0.098 <1.8 <0.086 10 ± 0.4 <0.63 

16 SR8A 21S1O 31330 0-15 <0.080 <0.029 <0.031 <0.53 0.081 ± 0.04 3.4 ± 0.09 <0.23 

16 SR8B 21510 31330 IS-30 <0.22 <0.066 <0.027 <0.64 <0.027 4.6 ± 0.1 <0.20 

17 SR52A 21480 31300 0-15 <0.30 <0.13 <0.062 <2.8 <0.10 78 ± 0.8 <0.44 

17 SRS2B 21480 31300 15-30 <0.059 <0.049 <0.069 <1.7 <0.070 16 ± 0.4 <0.43 

18 SR36A 21550 31230 0-15 <0.043 <0.021 0.023 ± 0.0006 <0.38 <0.016 1.2 ± 0.05 <0.11 

18 SR36B 21S50 31230 15-30 <0.072 <0.034 <0.035 <0.63 <0.027 0.22 ± 0.07 <0.22 

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



-------------------
Table 6 (continued) 

Location8 Radionuelide concentration (pCi/g dry wt)b,c 
Hole Sample Depth 

number8 ID North East (ern) 241Am S7Co 6OCO SICr 1l4Cs 137Cs 1S2Eu 

Systematic sample! 

19 SR26A 21470 31390 0-15 <0.15 <0.049 <0.051 <1.0 <0.045 1.0 ± 0.1 <0.35 

19 SR26B 21470 31390 IS-30 <0.15 <0.049 <O.OSI <1.0 <0.045 0.69 ± 0.1 <0.35 

20 SR46A 21566 31230 0-15 <0.47 <0.14 <0.059 <1.4 <0.063 2.4 ± 0.2 <0.48 

20 SR46B 21566 31230 IS-30 <0.39 <0.11 <0.OS2 <1.1 <0.052 <0.063 <0.42 

21 SR47A 21S66 312S0 0-IS <0.092 <0.030 <0.028 <0.62 <0.025 2.7 ± 0.08 <0.22 

21 SR47B 21S66 31250 15-30 <0.18 <0.056 0.049 ± 0.01 <0.56 <0.025 1.0 ± 0.06 <0.20 

22 SR48A 21S66 31270 0-15 <0.62 <0.17 <0.066 <1.9 <0.055 2.4 ± 0.2 <0.56 

22 SR4SB 21S66 31270 15-30 <0.42 <0.12 <0.OS4 <1.2 <0.055 0.34 ± 0.1 <0.42 w -23 SR49A 21566 31290 . O-IS <0.66 <0.18 <0.084 <2.1 <0.085 2.1 ± 0.2 <0.66 

23 SR49B 21S66 31290 IS-30 <0.17 <0.057 <0.051 <1.2 <0.051 0.88 ± 0.1 <0.41 

24 SR41A 21550 31330 0-15 <0.56 <0.16 <0.066 <1.6 <0.071 3.2 ± 0.2 <0.58 

24 SR41B 21S50 31330 15-30 <0.30 <O.OSO <0.034 <0.92 <0.071 1.1 ± 0.07 <0.58 

25 SR42A 21550 31350 0-15 <0.27 <0.072 <0.028 <0.86 <O.OIS 2.8 ± 0.1 <0.16 

25 SR42B 21550 31350 15-30 0.17 ± 0.09 <0.024 <0.021 <0.39 <0.018 0.59 ± 0.04 <0.16 

26 SR33A 21530 31370 0-IS <0.63 <0.20 <0.049 <2.0 <0.071 37 ± O.S <0.40 

26 SR33B 21S30 31370 15-30 <0.18 <0.061 <0.050 <1.3 <0.052 5.3 ± 0.2 <0.40 

27 SR4A 21S1O 312S0 0-IS <0.19 <0.061 0.024 ± 0.02 <0.63 <0.025 4.4 ± 0.1 <0.19 

27 SR4B 21S1O 31250 IS-30 <0.13 <0.059 <0.052 <1.0 <0.043 0.S4 ± 0.1 <0.40 

28 SRI6A 21490 31330 O-IS <0.093 <0.031 <0.028 <0.63 <0.025 2.0 ± 0.08 <0.22 

28 SRI6B 21490 31330 15-30 <0.084 <0.63 <0.030 <0.63 <0.025 0.48 ± 0.05 <0.24 



Table 6 (continued) 

Locationa Radionuclide concentration (pCi/g dry wt)b,c 
Hole Sample Depth 

numbera ID North East (cm) 241Am S7Co 6OCo SICr I34CS Il7Cs IS2Eu 

Systematic samplei 

29 SR17A 21490 31350 0-15 <0.094 <0.030 <0.028 <0.57 0.076 ± 0.04 2.0 ± 0.08 <0.22 

29 SR17B 21490 31350 15-30 <0.27 <0.073 <0.028 <0.74 <0.050 0.79 ± 0.07 <0.27 

Composite samples! 

CR 26-46 0-5 0.032 ± 0.02 <0.017 0.036 ± 0.01 <0.55 <0.026 4.7 ± 0.1 <0.19 

CR 4-47 0-5 <0.26 <0.091 <0.072 <1.6 e II ± 0.3 <0.79 

CR 13-48 0-5 0.13 ± 0.03 <0.026 0.035 ± 0.00 I <0.87 <0.034 14 ± 0.2 <0.31 

CR 14-49 0-5 <0.88 <0.31 <0.21 <5.5 e 38 ± 1 <2.6 

CR 21-50 0-5 23 ± 2 <0.39 0.17 ± 0.1 <3.7 <0.13 63 ± 1 <0.86 w 
N 

CR 22-51 0-5 <0.32 <0.082 <0.033 <0.68 0.079 ± 0.06 2.4 ± 0.1 <0.32 

CR 23-52 0-5 <0.36 <0.14 <0.085 <3.8 e 56 ± 0.8 <0.84 

CR 24-53 0-5 0.50 ± 0.09 <0.034 <0.032 <0.69 e 12 ± 0.2 <0.22 

CR 25-54 0-5 <1.0 <2.7 <0.084 <0.27 e 23 ± 0.7 <0.73 

aGrid locations and soil sample hole numbers are shown on Figs. 3 and 7, respectively. 
blndicated counting error is at the 95% confidence level (± 20'). 
CValues preceded by "<" denote less than the minimum detectable activity (MDA). 
dBiased samples are taken from areas shown to have elevated gamma exposure rates. 
elnterfering gamma energies from other isotopes resulted in false 134Cs values. 
fSystematic soil samples were taken in an area with background exposure rates. 
I!Composite samples consist of aliquots of soil taken from the center of each grid block along a specific grid line. 

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



-------------------
Table 7. Concentrations of 4OK, 54Mn, lURa, lZ8Ra, 23~b, and l:J+rb radionuclides 

in soil sample analysis from the storage pad southwest of Building 3503 

Locationa Radionuclide concentration (pCi/g dry wt)b,c 
Hole Sample Depth 

numbeJ"l ID North East (em) .oK 54Mn 226Ra 228Ra :mTh 23"Th 

Biased samplesd 

BRSA 21512 31269 0-IS 280 ± 80 <9.1 <16 3800 ± 100 3S00 ± 300 7S0 ± 30 

BRSB 21512 31269 IS-30 <4.3 5.9 ± O.S 0.66 ± 1 310 ± 7 310 ± 20 250 ± 10 

2 BRS 21515 31262 0-15 7.S ± 1 0.054 ± 0.09 0.48 ± 2 7.0 ± 0.2 6.8 ± 0.3 <11 

3 BR28A 21S3S 31272 0-IS S.1 ± 2 0.62 ± 0.1 <0.30 32 ± 3 32 ± 2 1.7 ± 3 

3 BR2SB 21535 31272 15"30 6.9 ± 2 0.55 ± 0.2 0.50 ± 0.04 31 ± 0.4 31 ± 1 <27 

4 BR39A 21552 31295 0-15 5.7 ± 3 1.3 ± 0.3 <l.l 70 ± 10 71 ± 30 <4.9 

4 BR39B 21552 31295 15-30 <4.8 3.2 ± 0.6 <2.5 160 ± 3 160 ± 10 <86 
w 

S BR6A 21500 31280 0-15 19 ± 1 O.ll ± 0.03 I.S ± 0.2 S.6 ± 0.2 5.9 ± 2 0.99 ± 0.3 
w 

5 BR6B 21500 31280 15-30 19 ± 2 <0.074 I.S ± 0.07 2.0 ± 0.2 2.1 ± 0.3 <5.6 

6 BRt5A 21490 31302 0-15 18 ± 1 <0.033 1.2 ± 0.04 1.2 ± 0.09 1.2 ± 0.1 <2.6 

6 BRI5B 21490 31302 15-30 16 ± 2 <0.085 1.0 ± 0.2 3.9 ± 0.1 4.0 ± 1 <0.83 

7 BR2SA 21540 31267 0-15 15 ± 0.8 <0.032 0.99 ± O.OS 1.7 ± 0.06 1.7 ± 0.2 0.61 ± 0.2 

7 BR28B 21540 31267 J5-30 15 ± 1 <0.052 0.71 ± 0.1 1.5 ± 0.2 1.5 ± 0.2 3.6 ± 6 

8 BR39A 21550 31300 0-15 21 ± 0.9 <0.030 1.5 ± 0.07 2.2 ± 0.6 2.1 ± 0.6 33 ± 3 

8 BR39B 21550 31300 15-30 21 ± 2 <0.094 1.3 ± 0.5 9.4 ± 1 9.4 ± 2 11 ± 6 

8 BR39C 21S50 31300 30-40 16 ± 2 <0.10 0.55 ± 0.4 8.5 ± 0.8 8.6 ± 0.7 <1.1 

9 BR39A 215S0 31285 0-15 19 ± 1 0.023 ± 0.05 1.4 ± 0.1 1.8 ± 0.1 1.8 ± 0.3 <3.1 

9 BR39B 21550 3128S 15-30 20 ± 2 <0.073, 1.4 ± 0.2 2.4 ± 0.8 2.6 ± I <0.63 

14 BR18A 21500 31380 0-15 1.2 ± 0.5 <0.024 <0.14 <0.080 <0.22 <0.59 

14 BRI8B 21S00 31380 15-30 <130 <66 <200 <220 <300 <8200 



Table 7 (continued) 

Locationa Radionuclide concentration (pCi/S dry wt)b.c 
Hole Sample Depth 

numbe~ ID North East (cm) 40K 54Mn 226Ra 228Ra 232Th 2*rh 

Biased sampiesd 

30 BR18A 21490 31370 0-15 16 ± 2 <0.066 0.88 ± 0.2 0.93 ± 0.2 1.0 ± 0.3 <6.7 

30 BRI8B 21490 31370 15-30 11 ± 1 <0.039 0.59 ± 0.1 0.85 ± 0.2 0.81 ± 0.2 <1.3 

Systematic sampiese 

10 SR9A 21510 31350 0-15 20 ± 0.9 <0.028 1.2 ± 0.05 1.4 ± 0.5 1.5 ± 0.5 1.6 ± 0.9 

10 SR9B 21510 31350 15-30 19 ± 0.8 <0.025 1.3 ± 0.04 1.4 ± 0.3 1.4 ± 0.3 2.5 ± 0.9 

11 SR42A 21540 31350 0-15 20 ± 1 <0.033 1.5 ± 0.08 1.3 ± 0.2 1.3 ± 0.2 3.7 ± 3 

11 SR42B 21540 31350 15-30 12 ± 0.7 <0.026 0.65 ± 0.08 0.86 ± 0.08 0.88 ± 0.08 0.29 ± 0.2 

12 SR43A 21560 31370 0-15 18 ± 1 <0.034 Ll ± 0.09 1.2 ± 0.2 1.3 ± 0.2 <2.9 ~ 

"'" 
12 SR43B 21560 31370 15-30 24 ± I <0.035 0.97 ± 0.1 1.5 ± 0.2 1.6 ± 0.2 <2.5 

13 SRBA 21520 31370 0-15 14 ± 2 <0.069 0.96 ± 0.1 1.4 ± 0.3 1.2 ± 0.4 <7.1 

13 SRBB 21520 31370 15-30 7.0 ± 0.6 <0.024 0.64 ± 0.06 0.82 ± 0.2 0.79 ± 0.2 0.31 ± 0.2 

15 SR15A 21480 31320 0-15 18 ± 0.9 <0.032 1.2 ± 0.20 1.5 ± 0.3 1.5 ± 0.2 <2.8 

15 SRI5B 21480 31320 15-30 12 ± 2 <0.087 1.1 ± 0.2 1.5 ± 0.2 1.5 ± 0.6 <0.70 

16 SR8A 21510 31330 0-15 19 ± 0.9 <0.027 0.99 ± 0.03 1.5 ± 0.1 1.6 ± 0.3 2.4 ± 0.8 

16 SR8B 21510 31330 15-30 13 ± 0.7 <0.026 0.73 ± 0.02 0.98 ± 0.1 1.0 ± 0.2 <2.0 

17 SR52A 21480 31300 0-15 15 ± 1.7 <0.054 l.l ± 0.2 I.l ± 0.3 1.3 ± 0.5 <2.8 

17 SR52B 21480 31300 15-30 7.3 ± I <0.061 0.78 ± 0.09 1.0 ± 0.3 0.97 ± 0.3 0.65 ± 0.7 

18 SR36A 21550 31230 0-15 7.6 ± 0.5 <0.017 0.32 ± 0.03 0.15 ± 0.07 0.17 ± 0.07 0.35 ± 0.5 

18 SR36B 21550 31230 15-30 7.2 ± 0.9 <0.028 0.35 ± 0.07 <0.12 0.14 ± 0.06 <0.71 

-------------------
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Table 7 (continued) 

Locationa Radionuclide concentration (pCi/g dry wt)b,c 
Hole Sample Depth 

numbe~ ID North East (cm) 40K S4Mn 226Ra 228Ra 232Th m.rh 

Systematic samplese 

19 SR26A 21470 31390 0-15 16 ± 2 <0.043 0.73 ± 0.1 1.0 ± 0.3 1.0 ± 0.3 <1.4 

19 SR26B 21470 31390 15-30 15 ± 2 <0.043 0.73 ± 0.2 0.88 ± 0.04 0.93 ± 0.1 <1.3 

20 SR46A 21566 31230 0-15 19 ± 2 <0.061 1.2 ± 0.1 1.4 ± 0.5 1.4 ± 0.4 <4.3 

20 SR46B 21566 31230 15-30 13 ± I <0.055 1.0 ± 0.2 1.2 ± 0.07 1.2 ± 0.1 <3.6 

21 SR74A 21566 31250 0-15 2.2 ± 0.9 <0.025 1.4 ± 0.03 1.6 ± 0.4 1.6 ± 0.4 1.7 ± I 

21 SR47B 21566 31250 15-30 15 ± 0.7 <0.026 0.90 ± 0.05 1.0 ± 0.04 1.0 ± 0.04 1.2 ± 2 

22 SR48A 21566 31270 0-15 2.0 ± 2 <0.08 1.4 ± 0.2 1.6 ± 0.2 1.6 ± 0.2 <5.8 

22 SR48B 21566 31270 15-30 16 ± 2 <0.057 1.0 ± 0.2 1.3 ± 0.3 1.2 ± 0.3 <0.55 w 
\.h 

23 SR49A 21566 31290 0-15 22 ± 3 <0.084 1.7 ± 0.08 1.3 ± 0.3 1.4 ± 0.5 <6.1 

23 SR49B 21566 31290 15-30 15 ± 2 <0.049 1.5 ± 0.2 1.4 ± 0.2 1.3 ± 0.2 <1.6 

24 SR41A 21550 31330 0-15 24 ± 2 <0.071 1.5 ± 0.2 1.6 ± 0.6 1.6 ± 0.5 <5.2 

24 SR41B 21550 31330 15-30 21 ± I <0.038 1.5 ± 0.08 1.3 ± 0.3 1.3 ± 0.3 <2.8 

25 SR42A 21550 31350 0-15 14 ± 1 <0.031 1.1 ± 0.06 0.83 ± 0.2 0.90 ± 0.2 <2.5 

25 SR42B 21550 31350 15-30 7.3 ± 0.5 <0.021 0.56 ± 0.05 0.63 ± 0.1 0.63 ± 0.1 <0.54 

26 SR33A 21530 31370 0-15 17 ± 2 <0.050 l.l ± 0.13 1.3 ± 0.1 1.2 ± 0.1 <5.7 

26 SR33B 21530 31370 15-30 14 ± 2 <0.046 0.65 ± 0.1 1.0 ± 0.2 1.0 ± 0.2 <1.7 

27 SR4A 21510 31250 0-15 13 ± 0.8 0.019 ± 0.03 0.60 ± 0.1 0.85 ± 0.2 0.88 ± 0.1 <1.8 

27 SR4B 21510 31250 15-30 IS ± 1 <0.048 0.70 ± 0.1 1.0 ± 0.4 l.l ± 0.3 l.l ± 2 

28 SRI6A 21490 31330 0-15 19 ± 0.9 <0.026 1.5 ± 0.2 1.5 ± 0.3 1.4 ± 0.3 2.0 ± I 

28 SRI6B 21490 31330 15-30 20 ± 0.9 <0.030 1.5 ± 0.09 1.3 ± 0.05 1.3 ± 0.08 1.8 ± 1 



Table 7 (continued) 

Locationa Radionuclide concentration (pCi/g dry wt)b,c 
Hole Sample Depth 

numbera ID North East (cm) 40K s4Mn 226Ra 228Ra 232Th 23~h 

Systematic samplese 

29 SRI7A 21490 31350 0-15 21 ± 0.9 <0.026 1.5 ± 0.09 1.3 ± 0.3 1.3 ± 0.4 2.1 ± I 

29 SRI7B 21490 31350 15-30 19 ± I <0.035 l.l ± 0.06 1.2 ± 0.05 1.3 ± 0.1 <2.5 

Composite samplei 

CR 26-46 0-5 II ± 0.7 <0.026 0.62 ± 0.06 0.72 ± 0.2 0.71 ± 0.1 0.23 ± 0.2 

CR 4-47 0-5 17 ± 2 0.14 ± 0.1 0.89 ± 0.08 12 ± 0.5 12 ± 1.7 4.4 ± 3 

CR 13-48 0-5 18 ± 0.9 0.032 ± 0.04 l.l ± 0.1 3.4 ± 0.09 3.4 ± 0.3 0.90 ± 0.6 

CR 14-49 0-5 15 ± 3 <0.24 6.0 ± 0.8 39 ± 4 39 ± 6 <8.5 

CR 21-50 0-5 13 ± 2 <0.097 1.9 ± 0.3 3.2 ± 0.4 3.2 ± 0.5 <12 w 
0\ 

CR 22-51 0-5 18 ± I <0.040 1.2 ± 0.2 1.6 ± 0.1 1.6 ± 0.2 3.2 ± 4 

CR 23-52 0-5 19 ± 2 <0.092 1.3 ± 0.2 7.S ± 2 7.2 ± 2 <3.4 

CR 24-53 0-5 16 ± 0.8 <0.025 1.2 ± 0.1 1.3 ± 0.07 1.3 ± 0.2 2.4 ± 0.8 

CR 25-54 0-5 19 ± 3 <0.081 l.l ± 0.2 1.6 ± 0.5 1.7 ± 0.6 <8.9 

aGrid locations and soil sample hole numbers are shown on Figs. 3 and 7, respectively. 
bIndicated counting error is at the 95% confidence level ( ± 20"). 
cValues preceded by "<" sign denote less than the minimum detectable activity (MDA). 
dBiased samples are taken from areas shown to have elevated gamma exposure rates. 
eSystematic soil samples were taken in an area with background exposure rates. 
fComposite samples consist of aliquots of soil taken from the center of each grid block along a specific grid line. 

-------------------
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I 
Table 8. Concentration of 135U and 238U in soil samples from 

the storage pad site southwest of Building 3503 

I 
Radionuclide concentration 

Locationa (pCi/g dry wt)b,c 
Hole Sample Depth 

I 
numbera . ID North East (em) 235U 238U 

Biased samples d 

I 1 BR5A 21512 31269 0-15 31 560 

BR5B 21512 31269 15-30 37 930 

I 5 BR6A 21500 31280 0-15 0.17 2.4 

5 BR6B 21500 31280 15-30 0.083 1.9 

I 14 BR18A 21500 31380 0-15 0.038 0.60 

14 BR18B 21500 31380 15-30 0.058 1.2 

I 
30 BR18A 21490 31370 0-15 0.061 1.7 

30 BR18B 21490 31370 15-30 0.035 <1.8 

I 
Systematic samp/ese 

13 B433A 21520 31370 0-15 0.054 1.1 

I 13 BR33B 21520 31370 15-30 0.045 0.90 

17 BR52A 21480 31300 0-15 0.061 1.4 

I 
17 BR52B 21480 31300 15-30 0.080 1.5 

18 BR36A 21550 31230 0-15 0.027 <2.7 

18 BR36B 21550 31230 15-30 0.017 0.40 

I 19 BR26A 21470 31390 0-15 0.042 <3.4 

19 BR26B 21470 31390 15-30 0.037 2.0 

I 20 BR46A 21566 31230 0-15 0.060 <2.7 

20 BR46B 21566 31230 15-30 0.082 <4.2 

I 21 BR47A 21566 31250 0-15 0.063 <4.1 

21 BR47B 21566 31250 15-30 0.053 <3.5 

I 
22 BR48A 21566 31270 0-15 0.072 <4.3 

22 BR48B 21566 31270 15-30 0.060 1.3 

23 BR49A 21566 31290 0-15 0.069 <2.8 

I 23 BR49B 21566 31290 15-30 0.060 <3.6 

24 BR41A 21550 31330 0-15 0.077 <3.9 

I 24 BR41B 21550 31330 15-30 0.074 3.1 

I 
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Table 8 (continued) 

Radionuclide concentration 
Locationa (pCijg dry wt)b,c 

Hole Sample Depth 
numbe~ ID North East (cm) 23SU 238U 

Systematic samp/ese 

25 BR42A 21550 31350 0-15 0.068 1.1 

25 BR42B 21550 31350 15-30 0.061 <2.0 

26 BR33A 21530 31370 0-15 0.064 1.8 

26 BR33B 21530 31370 15-30 0.038 <3.7 

27 BR4A 21510 31250 0-15 0.052 1.0 

27 BR4B 21510 31250 15-30 0.042 <2.3 

28 BR16A 21490 31330 0-15 0.086 2.1 

28 BR16B 21490 31330 15-30 0.070 1.4 

29 BR17A 21490 31350 0-15 0.080 <3.5 

29 BR17B 21490 31350 15-30 0.068 1.2 

aGrid locations and soil sample locations are shown on Figs. 3 and 7, respectively. 
b Analytical error of measurement results is < ± 5% (95% confidence level). 
cValues with "<" sign denote less than the minimum detectable activity (MDA). 
dBiased samples are taken from areas shown to have elevated gamma exposure rates. 
CSystematic soil samples were taken in an area with background gamma exposure rates. 
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Table 9. Concentration of 244Cm, 238pu, 239pu, and 90Sr in soil samples from the 

storage pad southwest of Building 3503 

Alpha emitters Beta emitter 
Locationa (pCi/g dry wt) (pCi/g dry wt) 

Hole Sample Depth 
numbe(l ID North East (cm) 244Cm 238pu 239pU 90Sr 

Biased samplesb 

BR5A 21S12 31269 0-15 1.1 ± 0.3 700 ± 50 68 ± 10 22 ± 2 

BRSB 21S12 31269 IS-30 0.95 ± 0.2 200 ± 20 16 ± 4 26 ± 4 

4 BR39A 21552 31295 0-15 <0.OS4 0.32 ± 0.1 18 ± 1 9.7 ± 2 

4 BR39B 21552 31295 15-30 0.070 ± 0.03 0.84 ± 0.2 38 ± 3 19 ± 7 

5 BR6A 21500 31280 O-IS <1.2 <0.38 <0.76 5.1 ± 2 w 
\0 

5 BR6B 21500 31280 15-30 <0.32 <0.27 <0.43 1.9 ± 2 

14 BRI8A 21500 31380 0-15 0.065 ± 0.03 0.14 ± 0.03 0.54 ± 0.08 70 ± 16 

14 BR18B 21500 31380 15-30 0.00054 ± 0.0003 0.13 ± 0.03 4.3 ± 0.3 110 ± 19 

Systematic sampler 

13 BR33A 21520 31370 0-15 0.027 ± 0.01 0.0089 ± 0.008 0.62 ± 0.05 6.5 ± 1 

13 BR33B 21S20 31370 15-30 0.30 ± 0.03 0.0027 ± 0.008 0.084 ± 0.03 0.84 ± 0.5 

17 BR52A 21480 31300 0-15 0.0095 ± 0.02 0.014 ± 0.01 0.26 ± 0.03 1.6 ± 0.5 

17 BR52B 21480 31300 15-30 <0.0027 0.0046 ± 0.005 0.19 ± 0.03 4.9 ± 1 

aGrid locations and soil sample hole numbers are shown on Figs. 3 and 7, respectively. 
bBiased samples are taken from areas shown to have elevated gamma exposure rates. 
CSystematic soil samples were taken in an area with background gamma exposure rates. 

:1 



Table 10. Results of the Extraction Procedure Toxicity Characteristic test for eight RCRA metals in biased soil samples 
from the storage pad site southwest of Building 3503 

Concentration (mg/L)b 
Location8 

Hole Sample Depth Arsenic Barium Cadmium Chromium Lead Mercury Selenium Silver 
numbera ID North East (cm) (As) (Ba) (Cd) (Cr) (Pb) (Hg) (Se) (Ag) 

B0I5A 21512 31269 0-15 <0.10 0.31 0.16 <0.040 <0.20 <0.50 <0.20 <0.050 

BOI5B 21512 31269 15-30 <0.10 0.45 0.38 0.22 <0.20 <0.50 <0.20 <0.17 

2 BOI5 21515 31262 0-15 <0.10 0.50 <0.0050 <0.040 <0.20 <0.50 <0.20 <0.050 ~ 
0 

3 BOI28A 21535 31272 0-15 <l.l 0.94 1.0 <0.44 <2.2 <5.5 <0.2 <0.55 

3 B0I28B 21535 31272 15-30 <0.50 2.1 0.73 <0.20 <1.0 <2.5 <1.0 <0.25 

4 BOI39A 21552 31295 0-15 <0.10 1.1 0.72 <0.040 <0.20 <0.50 <0.20 <0.050 

4 BOI39B 21552 31295 15-30 <0.10 0.89 1.0 <0.040 <0.20 <0.50 <0.20 <0.050 

aGrid locations and soil sample locations are shown on Figs. 3 and 7, respectively. 
h-rhe inductive coupled plasma spectrometer (ICP) method was used to measure all metals except mercury. The mercury analysis was per-

formed by the cold vapor atomic absorption (CVAA) method. 

-------------------
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Table 1l~ Results of the Extraction Procedure Toxicity Characteristic test for four RCRA insecticides and two berbicides 
in biased soil samples from tbe storage pad site southwest of Building 3503 

Detection Limit (mg/L) 
Location8 

Hole Sample Depth Lindaneb Endrinb Toxapheneb Methoxychlorb 2,4-Dc 2,4,5-TP (Silvex)C 
number" lD North East (cm) 4pd 14pd 25pd 400d 401d 402d 

1 BOl5A 21512 31269 0-15 <0.0002 <0.005 <0.008 <0.01 <0.01 <0.002 

BOl5B 21512 31269 15-30 <0.0002 <0.005 <0.008 <0.01 <0.01 <0.002 

2 BOIS 21515 31262 0-15 <0.0002 <0.005 <0.008 <0.01 <0.01 <0.002 
~ .-

3 BOl28A 21535 31272 0-15 <0.0002 <0.005 <0.008 <0.01 <0.01 <0.002 

3 B0I28B 21535 31272 15-30 <0.0002 <0.005 <0.008 <0.01 <0.01 <0.002 

4 BOI39A 21552 31295 0-15 <0.0002 <0.005 <0.008 <0.01 <0.01 <0.002 

4 BOI39B 21552 31295 15-30 <0.0002 <0.005 <0.008 <0.01 <0.01 <0.002 

8Grid locations and soil sample locations are shown on Figs. 3 and 1, respectively. 
bElectron capture detector. 
CHigh performance liquid chromatography. 
dNational Pollution Discharge Elimination System (NPDES) compound number. 
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Table 12. Ignitability, corrosivity, and reactivity characteristics of biased soil 
samples from the storage pad site southwest of Building 3503 

Ignitability Reactivityb 
Location8 flash 

Hole Sample Depth point Corrosivity Sulfide Cyanide 
numbe~ ID North East (em) (0C) (pH) (mg/g) (CN) (f.Lg/g) 

1 BOl5A 21512 31269 0-15 >70 4.93 <0.01 <0.1 

BOISB 21512 31269 15-30 >70 7.56 <0.01 <0.1 

2 BOI5 21515 31262 0-15 >70 8.26 <0.01 <0.1 

3 BOI28B 21535 31272 0-15 >70 6.97 <0.01 <0.1 

3 BOl28B 21535 31272 15-30 >70 7.02 <0.01 <0.1 

4 BOI39A 21552 31295 0-15 >70 6.77 <0.01 <0.1 

4 BOI39B 21552 31295 15-30 >70 7.52 <0.01 <0.1 

aGrid locations and soil sample locations are shown on Figs. 3 and 7, respectively. 
bWet sample values. 
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