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ABSTRACT 

Surface radiological walkover surveys were conducted at the Tritium Target Fabrica
tion Facility (7025), Thorium Storage Facility (7019), Closed Contractors' Landfill 
(7658), and Process Waste Basin (7711) during January and May of 1989. The surveys 
were completed by the Measurement Applications and Development Group of the Health 
and Safety Research Division (HASRD) of the Oak Ridge National Laboratory (ORNL). 
The purpose of the surveys was to identify surface contamination by on-site radiation 
measurements and analyses of soil samples. 

Survey results showed no evidence of detectable surface radioactivity above typical 
Oak Ridge Reservation background levels at the Closed Contractors' Landfill and the Pro
cess Waste Basin. At the Tritium Target Fabrication Facility site, soil samples contained 
20 to 130 times the amount of tritium found in background samples from the Walker 
Branch Watershed. At the Thorium Storage Facility site, one small (<I m2) area had 
gamma levels of 400 p.R/h and 232Th concentrations of 950 pCi/g at soil depths of 0 to 15 
em. Recommendations are included. 

xi 



RESULTS OF OUTDOOR RADIOLOGICAL WALKOVER SURVEYS 
AT THE TRITIUM TARGET FABRICATION FAOLITY (7025), 

THORIUM STORAGE FACILITY (7019), 
CLOSED CONTRACTORS' LANDFILL (7658), 
AND PROCESS WASTE BASIN (7711) SITES 

INTRODUCTION 

Surface radiological walkover* surveys of the Tritium Target Fabrication Facility 
(7025), Thorium Storage Facility (7019), Closed Contractors' Landfill (7658), and Pro
cess Waste Basin (7711) were conducted in January and May of 1989 by the Measure
ment Applications and Development Group of the Health and Safety Research Division 
(HASRD) of the Oak Ridge National Laboratory (ORNL) at the request of the Reme
dial Action Program (RAP) of ORNL. The purpose of this cursory survey was to identify 
surface contamination as determined from on-site radiation measurements and analysis of 
soil samples. Furthermore, results of this survey may play a role in determining whether 
these sites should be excluded from some regulatory requirements, e.g., remedial investiga
tions. 

Two of the four survey sites (Table 1) have been· assigned a Solid Waste Management 
Unit (SWMU) identification number by the ORNL RAP and also fall under a Waste 
Area Group (WAG) designation. 1 

SURVEY METHODS 

A portable survey meter with a sodium iodide (Nal) scintillation probe was used to 
detect gamma radiation. The scintillation probe was connected to a Victoreen Model 490 
Thyac III'' ratemeter. Because Nal gamma scintillation instruments are energy dependent, 
measurements of gamma radiation levels made with this instrument must be normalized to 
pressurized ionization chamber (PIC) measurements to estimate gamma exposure rates 
(the PIC is calibrated by the National Institute of Standards and Technology). The func
tion developed for these conversions is: 

y = xjCF 

*A "walkover" differs from the usual scoping survey in that the measurements are not recorded 
at predetermined, evenly spaced grid locations. A cursory radiological scan of the ground surface is 
performed, and, where warranted, soil samples are collected and analyzed for the presence of 
radionuclides that are not detectable with survey instruments. 
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Table 1. Survey sites with respective WAG and SWMU identification numbers 

Waste Area Group Solid Waste Management Unit 
Survey site WAG SWMU 

Tritium Target Fabrication a b 
Facility (7025) 

Thorium Storage Facility a b 
(7019) 

Closed Contractors' 12.0 12.1 
Landfill (7658) 

Process Waste Basin ( 7711 ) 16.0 16.2 

asite located east of the WAG 17 (ORNL Services Area) boundary. 
bNot assigned. 

y = the exposure rate in microroentgens per hour (J.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 PIC measurements and scintillometer meas
urements in cpm/(J.LR/h). 

For these sites, CF = 420 cpm/(J.LR/h). 

Alpha radiation was measured with an ORNL alpha survey meter connected to a zinc 
sulfide scintillation probe. Beta-gamma and gamma energy levels were detected with a 
portable Bicrona~ ratemeter with an HP-260 pancake detector ( <2 mgj cm2 window thick
ness). The instrument was set in the open configuration to detect beta-gamma and in the 
closed configuration to detect gamma. After calibration of the HP-260 detector to a 
known strontium source at the ORNL Radiation Calibration Laboratory (RADCAL), 
beta radiation activity levels in cpm were converted to dose rates in mrad/ h using the fol
lowing relationship: 

2800 cpm = 1 mradj h or (mradj h)jcpm = 0.00036 . 

Gamma radiation levels measured with the portable Bicrona~ ratemeter were converted to 
dose rates by using the instrument-specific conversion factor based on 226Ra: 

4500 cpm = 1 mradj h . 

A comprehensive description of the survey methods and instrumentation is presented 
in Procedures Manual for the ORNL Radiological Survey Activities (RASA) Program, 
Oak Ridge National Laboratory, ORNL/TM-8600 (April 1987). 2 With the exception of 
measurements of transferable activity, which are reported as net disintegration rates, all 
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direct 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. 

SURVEY SITES 

TRITIUM TARGET FABRICATION FACILITY (7025) 

History of the Site 

The Tritium Target Fabrication Facility (TTFF) is operated by Isotope Research 
Materials Laboratory (IRML) personnel of the ORNL Chemical Technology Division. 
The facility is located approximately 150 m (490ft) east of the 7000 area near the end of 
White Oak Avenue in Building 7025.3 Two views of the surveyed site are shown in Figs. 1 
and 2. 

The building is designed primarily for the purpose of producing tritium-containing 
accelerator targets as well as loading tritium by absorption into other types of metal speci
mens. The accelerator targets are used by other laboratories to produce neutrons for 

ORNL·PHOTO 112oo-ss 

Fig. 1. View looking east at tbe Tritium Target Fabrication Facility (7025) (December 1988). 
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ORNL-PHOTO 11202-88 

Fig. 2. View looking north at the Tritium Target Fabrication Facility (7025) (December 1988). 

experimental purposes.4 Future plans include the addition of a manifold to the existing tri
tium system in order to salvage tritium from outdated prototype glass tubes that are gen
erated by the Radioluminescent Light Program at ORNL. 5 The TIFF also contains a 
vacuum evaporation system for vaporizing and depositing U02 and Th02 onto substrates 
for use as targets in accelerator and reactor experiments. 4 Only tritium or the alpha
emitting materials 235U, 238U, and 232Th are processed or stored in this facility. 3 

Building 7025 was erected in 1968 on a concrete pad. The building is a prefabricated 
steel structure with a total floor area of 55 m2 and a total free space volume of about 170 
m3. A single door is located on the north side of the building. Fencing and a locked gate 
prevent unauthorized entrance. In 1983, the perimeter security fence that ended at the 
east boundary of the 7000 area was extended to completely enclose Building 7025 and 
other buildings within the ORNL security area. 3 

A forced-air exhaust system is located at the rear of the building, and a forced-air 
input system for heating and cooling is on the opposite side of the building. The result is a 
high-velocity air stream blanketing the tritium-handling equipment, thus virtually eliminat
ing the escape of tritium gas or tritium-contaminated water vapor into the personnel area 
of the building. 3 

The tritium equipment is housed in an 8 X 1.5 m (26 X 5 ft) stainless steel hood 
that is exhausted by a 0.94-m3 js fan. The fan forces air up a 4-m stainless steel stack. The 
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effective stack height is 9.1 m (30 ft) with an air velocity of I2.9 mjs.6 Air vented to the 
atmosphere from the hood exhaust fan and stack is continuously sampled and analyzed by 
scintillation counting to provide a measure of tritium release. This system has proved 
effective in limiting personnel exposure to tritium either by inhalation or by absorption 
through the skin. In over 16 years of operation of this facility, approximately 1 million Ci 
of tritium have been successfully handled and hundreds of targets have been prepared and 
shipped.3 

Another forced-air system exhausts the hood surrounding the uranium and thorium 
vacuum deposition system. This ventilation system controls the spread of particulate con
tamination of actinide oxides used in the evaporation-condensation system. Reportedly, the 
small quantities (<50 g or <I 00 ~-tCi) and very low specific activities of these materials 
cause these isotopes to be of minimal consequence with regard to personnel exposure. 3 

Tritium process waste is handled in gaseous, liquid, and solid forms. Gaseous waste, 
which is discharged to the atmosphere through the hood exhaust system, averages far less 
than 100 Ci per month. Solid waste consists of gloves, wipes, shoe covers, contaminated 
glass, and some contaminated equipment. Solid waste is bagged and treated in accordance 
with division and laboratory solid waste disposal procedures. Liquid waste is rarely gen
erated, but its disposal is provided for by a stainless steel sink with a drain inside the east 
end of the hood. The sink drain is connected to a I500-L ( 400-gal) stainless steel tank 
buried in the ground outside the east wall of the building. When the full operating level of 
the waste tank is reached, an electronic liquid-level gage is activated and a visual signal is 
delivered inside the building. The tank contents can then be pumped into a liquid waste 
disposal truck for disposal by ORNL Waste Operations. Over the I6 years of facility 
operations, the holding tank has been pumped for disposal only once. 3 

Shoe covers are routinely worn inside the building. Operations that require opening a 
hood door are performed by personnel wearing shoe covers, gloves, and white coveralls. 
For hood maintenance, personnel are required to wear gloves, shoe covers, coveralls, and 
air-line masks. A tritium monitor located at the middle-top of the hood is used to detect 
airborne tritium. Using a flexible hose, the air-sampling input to the monitor can be local
ized to the vicinity of personnel activity. An audible alarm is sounded at a tritium concen
tration of about 7 ~-tCijm3, which is considerably below the maximum permissible concen
tration for elemental tritium for a 40-hr week. 3 A second tritium monitor centrally located 
in the room monitors the general work area and alarms at 7 ~-tCijm3. 5 In addition, health 
physics personnel routinely sample body fluids from Building 7025 operating personnel. 3 

According to ORNL Environmental Monitoring and Compliance Section measure
ments, total tritium releases from the 7025 stack for August I through December 28, 
1988 were 140 Ci. Total releases from January 3 through June 27, 1989 were 316 Ci. 5 

Discussion of Survey Results 

The results of gamma exposure rate measurements external to the building are shown 
in Fig. 3. Generally, the surface scan revealed gamma levels ranging from 7 to 360 ~-tR/h. 
For comparison, typical Oak Ridge Reservation (ORR)' background levels at the ground 
surface averaged 13 ~-tR/h. Determination of outdoor gamma exposure rates was signifi
cantly confounded by radiation emanating from a thorium source stored inside an 

II I I I 

I I I I 
I I 
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aluminum utility building located immediately north of Building 7025. Highest outdoor 
ground-surface gamma levels {360 .uR/h) were found at the northernmost corner of the 
aluminum utility building. Gamma levels up to 480 .uR/h were measured on contact with 
the northeast side of the building. A metal lock secured access into the utility building. 
Currently, Building 7025 is designated as a "Regulated Zone" with specific access restric
tions posted on the entrance door of the building. The aluminum utility building contain
ing the radiation source is placarded with "Radiation Zone" signs. Based on the results of 
the gamma scan and on guidelines outlined in the ORNL Health Physics Procedure 
Manual, 7 radiation control measures currently in place at the Building 7025 site are 
deemed appropriate. However, the storage location of the thorium source inside the alumi
num building may result in elevating the outdoor gamma levels and, subsequently, warrant 
an extension of the radiation zone boundary. Signs and storage methods are all in accor
dance with procedures. 5 Building 7025 is the most remote and least inhabited area avail
able for storage of the thorium source. 5 A request to store the material in the main 
nuclear materials vault where radiation and access would be further reduced was denied. 5 

Directly measured alpha activity levels and beta-gamma dose rates were determined 
at six locations, as shown on Fig. 4. Direct alpha activities ranged from 18 to 36 disin
tegrations per minute {dpm) per 100 cm2 and averaged 30 dpm/100 cm2. The maximum 
measurement, 36 dpm/100 cm2, was obtained at Locations 1, 3, and 4. This value 
represents typical ORR background levels. For comparative purposes, 30 dpm/ 100 cm2 is 
well below the ORNL health physics guideline7 of 300 dpm/100 cm2 for establishing a 
Contamination Area. 

Beta-gamma dose rates (Fig. 4) ranged from 0.011 to 0.073 mradjh, which represents 
approximately 4 to 29% of the beta-gamma direct surface contamination level (0.25 
mradjh)7 used in establishing a contamination area. The ratio of beta to gamma radioac
tivity, determined by taking the difference between the open- and closed-window readings 
(beta) and comparing this to the closed-window reading (gamma), indicates primarily 
gamma radiation. 

Five surface soil samples collected at depths of 0 to 15 em (0 to 6 in.) were taken at 
the site. Locations of soil sample hole numbers are shown in Fig. 3, and results of labora
tory analyses (wet wt) are presented in Table 2. All 6°Co concentrations were below the 
lower detection limit of the analytical procedure (0.1 pCijg). 8 Cesium-137 was detected in 
samples TTFF2, TTFF3, and TTFF4.8 In addition, sample TTFF3 contained gross alpha 
and gross beta in concentrations higher than normal for uncontaminated soil in the Oak 
Ridge area.8 Tritium concentrations ranged from 5.9 to 30 pCijg with highest concentra
tions found at sample location TTFFl, located about 3.6 m (12 ft) east of the 7025 stack. 
Soil sample TTFF4, collected approximately 16m (52ft) northeast of the stack, contained 
25 pCi/ g tritium. Samples collected southwest, west, and northwest of the stack contained 
l 0, 12, and 5.9 pCi/ g tritium, respectively. 

Tritium concentrations that are probably representative of those found in uncontam
inated areas on the ORR were measured in rainfall, surface water, and groundwater col
lected from the Walker Branch Watershed (WBW) during November and December of 
1988.9 These data, part of another study, are presented here for comparison with tritium 
concentrations in surface soil presented in Table 2 (note footnote e). Ordinarily, tritium 
in soil water should be approximately equal to tritium in rainfall if there are no other 
sources of tritium contamination to the soil.9 
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Table 2. Concentrations of 6°Co, 137Cs, gross alpha, gross beta, 
and tritium in surface soil iaken from the Tritium Target 

Fabrication Facility (7025) site8 

Concentrations in pCi/g (Bqjkg) wet wt 
Sample 

!Db 6oc0c 137csc Gross alphad Gross betad 

TIFF I <0.054 <0.027 19 ± 20 14 ± 20 
( <2) (<I) (690 ± 800) (530 ± 600) 

TTFF2 <0.027 0.11 ± 0.04 6.5 ± 10 20 ± 20 
(<I) ( 4.1 ± I) (240 ± 500) (750 ± 800) 

TTFF3 <0.054 0.43 ± 0.05 22 ± 20 32 ± 20 
(<2) (16 ± 2) (810 ± 600) (1200 ± 600) 

TTFF4 <0.054 0.17 ± 0.04 40 ± 40 0 ± 10 
(<2) (6.2 ± 2) (1500 ± 1000) (0 ± 400) 

TTFF5 <0.11 <0.11 40 ± 50 81 ± 50 
(<4) (<4) (1500 ± 2000) (3000 ± 2000) 

asurface soil samples were collected at depths of 0-15 em. 
bLocations of soil sample hole numbers are shown on Fig. 3. 

Tritiumc 

30 ± 3 
(1100 ± 100) 

10 ± I 
(370 ± 50) 

12 ± 1 
(450 ± 50) 

25 ± 2 
(910 ± 70) 

5.9 ± 1 
(220 ± 50) 

ccobalt-60 and 137Cs analyses were performed in accordance with U.S. Environmental 
Protection Agency (EPA) procedure 901.1 (see ref. 8). 

dUncontaminated soil in the ORNL area usually contains 5-20 pCi/g (200-800 Bqjkg) 
gross alpha and 10-40 pCiJg (500-1500 Bqjkg) gross beta (dry wt) (see ref. 8). 

cTritium analyses were performed in accordance . with U.S. EPA procedure 906.0. 
Because equal amounts of soil and distilled water leachate were mixed together before tri
tium was measured in the water leachate, results in pCi/mL (Bq/L) of water are equivalent 
to pCiJg (Bqjkg) of soil (see ref. 8). 

During the measurement period, tritium concentrations in rainfall on WBW varied 
from <0.025 pCijmL to 0.22 pCi/mL with three rainfalls in the range of 0.2 pCijmL, 
two in the range of 0.1 pCijmL, and three <0.02 pCijmL. Tritium concentrations at a 
surface weir, which probably represents a mixture of surface runoff and groundwater, were 
0.26 pCijmL. Tritium concentrations in groundwater collected from a subsurface weir, a 
small underground cavelike facility with groundwater collecting pans installed at soil 
depths of about 2 and 3m, ranged from 0.23 to 0.27 pCijmL.9 

When tritium concentrations in groundwater from WBW are compared to tritium 
concentrations in soil samples from the TIFF (Table 2), the TTFF soil samples appear to 
contain 20 to 130 times as much tritium. This comparison, however, needs further clarifi
cation. All analyses were made using U.S. Environmental Protection Agency (EPA) pro
cedure 906.0, which is a standard method for measuring tritium in drinking water. The 
detection limit of this procedure is approximately 0.3 pCijmL, and all WBW measure
ments fall below this detection limit. With this in mind, it is more accurate to state that 
the TTFF soil sample tritium levels were 20 to 100 times the detection limits of the 
analytical procedure while all WBW (background) samples were below the detection lim
its. 

I 
I 



10 

Since the TTFF is an active, operational facility, on-site tritium concentrations (i.e., 
atmospheric, soil, soil water) are subject to significant fluctuations. Therefore, the survey 
data presented in this report represent a "snapshot" assessment on the date of the survey. 

THORIUM STORAGE FACILITY (7019) 

History of the Site 

The Thorium Storage Facility (7019) was constructed in the early 1960s10 for storage 
of normal uranium, depleted uranium, 6Li, 232Th, and other source materials with expo
sure rates less than 10 mRjhY The facility retains its original name although all stored 
nuclear materials were removed from the building in August 1984.11 Currently, the build
ing contains shipping containers for radioactive material and equipment, such as a drum 
handler and a hydraulic lift, to move the containers. The building also houses discarded 
security cabinets, radioisotope vaults, filing cabinets, and other former storage containers 
that no longer meet General Services Administration (GSA) approval standards for classi
fied material storage. 11 

The building has metal sides and a steel frame and sits on a concrete slab (Fig. 5 ). 
Gross floor area is about 89 m2 (960 ft2

).
12 The building was never environmentally con

trolled. Around 1980, the bottom of a storage drum rotted and contamination spilled in a 
small spot on the concrete floor. After cleanup, the area was painted to cover residual 
contamination. 11 Elevated exposure rates are still evident at this spot. 

The building is surrounded by a fence with a locked gate; the entrance door to the 
building is also locked. Keys controlled by Laboratory Protection Division personnel and 
Plant and Equipment Division personnel strictly limit access to the area. 11 

Ten dry storage wells (Fig. 6) east of the Thorium Storage Facility were constructed 
in the mid-1960s to provide safe storage for zirconium sponge belonging to the Y -12 plant. 
The porous zirconium was a potential explosive if it got wet or overheated. At that time, 
wells were sometimes used as a means of minimizing the danger of storing explosives, 
since presumably, the explosion could only go up and would cause less horizontal damage. 
Later, the wells were also used to store thorium. The wells were taken out of service in the 
mid-1970s.10 

The cylindrical wells are about 0.9 m (3 ft) in diameter by 3 m (10 ft) deep with 
heavy-gage, corrugated culvert metal on the outside and an inner metal lining. They are 
covered with heavy metal lids (Fig. 7). Some of these lids are fastened with security seals 
and others can be opene~. The wells are outside the locked fence that surrounds the Tho
rium Storage Facility. 

Discussion of Survey Results 

Outdoor surface gamma exposure rate measurements at the Thorium Storage Facility 
site ·are shown in Fig. 8. With the exception of one contaminated "hot" spot, surface 
gamma levels are representative of typical background values ranging from 6 to 12 ~-tR/h. 
The highest outdoor gamma level ( 400 ~-tR/h) was identified at a small spot ( < 1 m2) on 
the ground at a metal fence post -35 ft east of Building 7019. 
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ORNL·PHOTO 4608·89 

Fig. 5. View looking east at the Thorium Storage Facility (7019) site (September 1989). 

ORNL·PHOTO 3039-89 

Fig. 6. Dry storage weDs at the Thorium Storage Facility site (September 1989). 
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ORNL-PHOTO 304o-89 

Fig. 7. A dry storage well at the Thorium Storage Facility site (September 1989). 

Results of radionuclide analysis of two soil samples taken at the spot show 232Th con
centrations of 950 and 390 pCi/g in surface (0-15 em) and subsurface (15-30 em) sam
ples, respectively (see Table 3). This residual contamination may be the result of improper 
disposal of rinsate used in the decontamination process of a previously reported 232Th spill 
in Building 7019. If DOE "hot spot" guidelines13 were applicable for this site, the max
imum surface 232Th concentration (950 pCijg) would exceed the guideline value 
(50 pCijg) for "hot spots" <1 m2 by a factor of 19. 

Gamma exposure rate measurements taken inside each well ranged from 4 to 10 
JLR/ h (see Table 4 ). Smears were also obtained from selected locations inside the wells 
and analyzed for removable alpl{a and/or beta-gamma contamination. In general, the wells 
were found to be free of signifiCant alpha contamination. Only one well was found to have 
removable beta-gamma activity levels in excess of the ORNL health physics guideline 
limit of 1000 dpm/ 100 cm2 for establishing a Contamination Area. Analysis of smears dis
closed transferable beta-gamma activities of 1200 dpm/100 cm2 in Storage Well 5. 
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Table 3. Concentrations of 238U, 23lrh, and 226Ra in soil samples 
taken from the Thorium Storage Facility (7019) site 

Radionuclide concentration in pCifg (dry wt) 
Sample Depth 

ma (em) 23sub 232Th 226Ra 

BIA 0-15 <57.00 950.00 ± 5.0 2.70 ± 1.0 

BIB 15-30 <24.00 390.00 ± 2.0 1.70 ± 0.3 

SI 0-15 <0.77 0.32 ± 0.02 0.35 ± 0.02 

82 0-15 1.40 ± 1.0 1.30 ± 0.07 1.00 ± 0.03 

3Locations of soil sample hole numbers are shown on Fig. 8. 
bBackground levels of 2380 in the main ORNL complex usually 

range from 0.027 to 0.54 pCifg (dry wt) (see ref. 8). 

Table 4. Gamma exposure rates and alpha and beta-gamma activity levels 
measured on the interior surfaces of the storage wells at the 

Thorium Storage Facility (7019) site 

Transferable 
Gamma contamination 

Well 
numberb 

2 

3 

4 

5 

6 

7 

8 

9 

10 

exposure 
rates3 

(~-tR/h) 

4-10 

4-8 

4-8 

4-8 

4-8 

4-7 

4-6 

4-8 

4-7 

4-6 

Alpha Beta-gamma 
(dpm/100 cm2)c (dpm/100 cm2)c 

d d 

6 d 

d d 

d d 

6 1200 

d d 

15 170 

15 d 

6 d 

6 d 

3Gamma radiation was measured with a Nal scintillation probe con-
nected to a portable scaler. 

bLocations of well numbers are shown on Fig. 8. 
cDisintegrations per minute per 100 cm2. 
dBackground. 
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CLOSED CONTRACTORS' LANDFILL (7658) 

History of the Site 

The Closed Contractors' Landfill was used to bury general construction debris and w'-'~t 
demolition waste generated by contractors working at ORNL. It is located about 2.3 krn 
( 1.4 miles) east-southeast of the main plant area and about 152 m (500 ft) east- 1·r~~? 

northeast of the intersection of Melton Valley Access Road and Ramsey Drive. ORNL 
grid coordinates (measured in feet) are North 18,650 and East 37,500. 1 Two views of the 
surveyed site are shown in Figs. 9 and I 0. 

The landfill is approximately 154 m ( 500 ft) long in the east-west direction and 79 m ] 
(260 ft) wide in the north-south direction. The approximate area is about 1.2 ha v \. ·..,~, 
(3 acres). The original land surface sloped from north to south so that the depth of fill 
probably ranges from less than 1.8 m ( 6 ft) on the north side to about 9 m (30 ft) on 
the south. Estimates of the amount of material buried range from 30,000 to 50,000 m3 

depending on the depth of excavation, the existence of natural depressions, and the degree 
of compaction of the waste.1 

The road into this area was built in the early 1960s, and the landfill area at the top ofl 
1 the hill (north) was opened at this time. In the mid-1960s, the area on top of the hill was 1

" -... • - \ 

closed and the landfill area at the bottom of the hill was opened.14 In 197515 when another ~· 

ORNL-PHOTO 11195-88 

Fig. 9. View looking northeast at the Oosed Contractors' Landr.U (7658) (December 1988). I 
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ORNL·PHOTO 11197·88 

Fig. 10. View looking west at the Closed Contractors' Landfill (7658) (December 1988). 

landfill (located southeast of the intersection of Bethel Valley Road and Highway 95)16 

[

was opened, the Contractors' Landfill was closed. The Contractors' Landfill was grade<!] 

level and seeded with grass but not fenced. 

Ramsey Drive, constructed in 1975, was originally built over outcroppings of the 
southernmost part of the landfill. When the pavement in these areas collapsed, the buried 
material was dug up, moved to the northern part of the site, and replaced by fill dirt to 
support the road. No materials are buried south of Ramsey Drive. 15 

No waste-specific records were kept on the landfill operation, and no administrative 
controls were maintained on the nature of the waste being buried. As a result, construction 
waste sent to the landfill probably included empty paint cans and other debris that could 
include small amounts of hazardous waste. 1 

Records indicate that the Closed Contractors' Landfill does not represent a source of 
release of radioactive or hazardous materials. Aerial radiation surveys and walkover radia
tion surveys [0.9 m (3 ft) above ground surface] have not detected radiation levels above 
background. No visible leakage or seeps have been observed or documented.' 

In 1986, gravel and dark mud samples taken from the bed of a stream that drains the 
landfill area to the south contained near-background levels of 6°Co, 90Sr, and 137Cs. One 

No y-<-c _;..- ~ 
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sample contain~~ickel oncentrations about twice background and one contained 1200 
J.Lg/kg of di-n-buty p alate, a common component of plastic materials often found in 
sediments. 1 When additional samples were collected and analyzed for semivolatile organic 
constituents, only phthalates were detected. 17 

In 1987, groundwater samples taken from three downgradient wells and one upgra
dient well had relatively high conce~ons of AI, ~a, Fe, Mg, and Mn in one downgra
dient welLand elevated levels of ch~n another. Volatile organics detected included 
~e c~~ a~d 1 .2.:~~o~t'5oncentr~tions of 7 ppb and 5 ppb, respec
tively. The only semtvolattle organic--detected was dt-n-butylphthalate at a level of 10 
ppb.l7 

Based on survey results presented in the RCRA facility assessment, it did not appear 
that WAG 12 was a source of past releases. Therefore, ORNL recommended that WAG 
12 be removed from further consideration as a Resource Conservation and Recovery Act 
(RCRA) Section 3004(u) site. 17 

Previously unreported WAG 12 groundwater monitoring data for 1988 are presented 
in the appendix of this report. Sampling well locations are shown on Fig. 11. Gross alpha, 
gross beta, 6°Co, and 137Cs concentrations (Table A.1) were similar to those found in 
uncontaminated groundwater in the Oak Ridge area at all six wells. Also, Hg concentra
tions of <0.0001 J.Lg/mL in all wells (Table A.2) were far below the maximum contam
inant level for Hg (2 J.Lg/mL). Results of analyses for 34 volatile organics (Table A.3) 
indicated that bromodichloromethane was present in two wells (912 and 916) at concen
trations below the quantitation limit of the analytical system. Chloroform was present in 
well 916 and 917 at concentrations near and below the quantitation limit, respectively. All 
other volatile organics were not detected. Results of analyses for 65 base/neutral/acid 
extractable organics (Table A.4) indicated that bis(2-ethylhexyl)phthalate was present 
below the quantitation limit in well 913, 914, and 917. All other extractable organics were 
not detected. 

Discussion of Survey Results 

The results of gamma exposure rate measurements are shown in Fig. 11. Generally, 
the surface scan revealed gamma levels ranging from 7 to 14 J.LR/h. These values represent 
natural background levels for uncontaminated areas. Surface gamma levels were slightly 
elevated in the open field area south of Ramsey Drive. The Nal probe of the portable 
gamma scintillation survey meter was lowered into an excavated posthole -40 em 
(16 in.) deep. Gamma exposure rates at 0-15 em (0-6 in.), 15-30 em (6-12 in.), and 
30-40 em (12-16 in.) of depth were 19, 26, and 24 J.LR/h, respectively. (The excavated 
soil was subsequently placed back into the hole.) This increase in gamma levels is the 
result of natural radioactive materials inherent in pieces of shale scattered on the ground 
surface and in subsurface soil. Measurements taken inside two dilapidated brick-lined kilns 
showed elevated gamma exposure rate levels of up to 40 J.LR/h. These values are most 
likely due to natural radioactive materials inherent in the brick. 
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PROCESS WASTE BASIN (7711) 

History of the Site 

The Process Waste Basin (7711) is located just west of the Health Physics Research 
Reactor (HPRR) at ORNL grid coordinates North 12,260 and East 35,830. 1 Structures in 
the area are part of the Dosimetry Applications Research Facility (DOSAR), which is 
located about 3.3 km (2 miles) southeast of the main research area at ORNL. The sur
rounding hills provide natural shielding and prevent line-of-sight viewing from all direc
tions. An exclusion fence surrounds the facility, and access is obtained only through a 
security guard station. 18 Two views of the surveyed site are shown in Figs. 12 and 13. 

The Process Waste Basin, which is sometimes referred to as the retention pond19 or 
retention basin, 1 was designed to receive water draining from the concrete-lined pits in the 

l
,...·· reactor building. The two pits are used to store the reactor core. 20 A 15-cm- ( 6-in.-)19 

~A-t.,h:· diameter pipe with an untrapped drain connects the storage pits to the basin.20 Ordinarily 
:n J~.-• -.. there is no water in the storage pits, but in the event that groundwater or water from some 

? ' "-.... .. ·:,. ·- l other source seeps into the pits, the water would drain into the Process Waste Basin. The 
-~· _ .. ,,. basin would also receive water from a washdown of the reactor bay in the event of a criti-

cality accident. 20 Every six months, fire department personnel make sure this drain system 
is free of obstruction by flushing water through the drain port of the storage pits to the 
Process Waste Basin. 20

•
21 

ORNL-PHOTO 11187-88 

Fig. 12. View looking northwest at the Process Waste Basin (7711) (December 1988). 
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ORNL·PHOTO 11190.88 

Fig. 13. View of the north corner of the Process Waste Basin (7711) and Health Physics Research 
Reactor area (December 1988). 

The basin, built in 1962,20 is approximately 10 x 20 m ( 34 x 64 ft) at the top of 
the berm with sides sloping 4 m (12 ft) inward to a 2-m- (6-ft-) deep bottom that is 3 x 
12 m (lO x 40 ft). 19 The basin is lined with a deteriorating Hydromat® asphalt liner. 
When filled to a depth of 1 m (3.75 ft), the basin holds approximately 95,000 L 
{25,000 gal). 22 The inlet pipe on the north bank of the basin leading from the two reactor 
storage pits20 is covered with a 0.01-m (1 /2-in.) mesh rodent screen. 22 Another inlet pipe 
is located on the east bank of the basin. A 0.6-m- (2-ft-) deep sump22 in the southeast 
corner contains a valve that can release water from the basin to prevent overfilling. 20 

No wastes have ever been diverted to the basin. The only water entering the basin has 
come from the periodic che~ks for obstructions by the fire department or from 
precipitation. 1•19 

Discussion of Survey Results 

The results of gamma exposure rate measurements are shown in Fig. 14. Generally, a 
surface scan of the waste basin revealed gamma levels ranging from 6 to 14 ~tR/h. These 
values represent natural background levels for uncontaminated areas. Directly measured 
alpha activity levels and beta-gamma dose rates were determined at three locations as 
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shown in Fig. 14. Direct alpha activities ranged from 9 to 54 dpm/100 cm2 and averaged 
30 dpm/100 cm2. The maximum measurement, 54 dpm/100 cm2, was obtained at Loca
tion 2. This value is within the range of typical ORR background levels. For comparative 
purposes, 30 dpm/100 cm2 is well below the ORNL health physics guideline7 of 
300 dpm/ 100 cm2 for establishing a Contamination Area. Additionally, beta-gamma dose 
rates ranged from 0.013 to 0.016 mradjh, which is approximately 5 to 6% of the beta
gamma direct surface contamination level (0.25 mradjh)7 used in establishing a contami
nation area. 

RECOMMENDATIONS 

Analyses of outdoor radiological data from walkover surveys indicate no evidence of 
detectable surface radioactivity above typical ORR background levels at the Closed Con
tractors' Landfill (7658) and the Process Waste Basin (7711 ). There is the potential for 
subsurface soil and groundwater contamination from organic chemicals at the Closed Con
tractors' Landfill site because of the type and large volume of buried wastes (e.g., paint 
cans). Subsurface drilling in the fill material with subsequent RCRA Extraction Procedure 
Toxicity Characteristic tests and radiological analyses of core samples should be con
sidered for a more thorough site assessment. 

At the Tritium Target Fabrication Facility site, 137Cs was detected in three surface 
soil samples and gross alpha and gross beta activities in one sample were above typical 
ORR background ranges. Additionally, soil tritium levels were found to be 20 to 100 times 
higher than the analytical detection limits while all WBW (background) samples taken on 
the ORR were below the detection limits. These data suggest significant levels of tritium 
in the soil. It is recommended that a more detailed soil profile and groundwater sampling 
survey be conducted to adequately characterize the radiological status of the TTFF site. 
One area of concern is the condition (including the level of liquid waste) of the buried 
stainless steel tank outside the east wall of the building. 

Results of the outdoor walkover survey at the Thorium Storage Facility indicate one 
small ( <1 m2) hot spot of soil contamination that was subsequently attributed to 232Th. 
Surface gamma exposure rates of up to 400 p.R/h were measured at this spot. Analytical 
results of soil samples collected from this spot demonstrate the presence of 232Th (950 and 
390 pCi/ g in surface and subsurface samples, respectively). It is recommended that this 
hot spot be cleaned up. Only one storage well was found to have removable beta-gamma 
activity levels in excess of the ORNL health physics guideline limit of 1000 dpm/100 cm2 

for establishing a Contamination Area. Analysis of smears disclosed transferable beta
gamma activities of 1200 dpm/100 cm2 in Storage Well 5. During the survey, a·live snake 
and the remains of several small rodents were found in the bottom of the storage wells. It 
is recommended that all wells be sealed with metal locks. This action would minimize 
small animal intrusion. 

The results of the walkover surveys at the Tritium Target Fabrication Facility (7025) 
and Thorium Storage Facility (7019) sites should be considered in the determination of 
(1) site inclusion in the WAG 17 (ORNL Services Area) or (2) site exclusion from 
further regulatory concerns. These data suggest that further radiological characterizations 
of each site would be required in this assessment. 
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Table A.1. Concentrations of gross alpha, gross beta, 60Co, and 137Cs 
in groundwater samples coUected December 13, 1988, 

from piezometer weDs at WAG 12. 

I 
Concentrations in pCijmL (Bq/L) 

Sample 
t37cse.f IDa Gross alphab,c Gross beta b,d 6oc0 e,r 

I 912G 0.014 ± 0.02 0.049 ± 0.03 -0.016 ± 0.005 0.0011 ± 0.003 
(0.50 ± 0.8) (1.8 ± 1) ( -0.60 ± 0.2) (0.040 ± 0.1) 

I 
912H 0.0 ± 0.002 0.0062 ± O.Ql -0.0024 ± 0.007 -0.00081 ± 0.005 

(0.0 ± 0.6) (0.23 ± 0.5) (0.090 ± 0.2) (-0.030 ± 0.2) 

913G 0.0 ± 0.001 1.1 ± 0.2 0.00027 ± 0.005 0.0030 ± 0.003 
(0.0 ± 0.05) (41 ± 6) (O.otO ± 0.2) (0.11 ± 0.1) 

913H 0.0054 ± 0.01 0.0 ± O.ot 0.0019 ± 0.006 0.00081 ± 0.006 
(0.20 ± 0.5) (0.0 ± 0.5) (0.070 ± 0.2) (0.030 ± 0.2) 

I 914G 0.016 ± 0.02 0.0027 ± O.ot 0.0035 ± 0.004 0.0024 ± 0.005 
(0.60 ± 0.9) (0.1 0 ± 0.5) (0.13 ± 0.2) (0.090 ± 0.2) 

I 
914H 0.014 ± 0.02 0.027 ± 0.03 0.0015 ± 0.003 0.00027 ± 0.003 

(0.50 ± 0.8) (1 .0 ± 1) (0.055 ± 0.1) (0.010 ± 0.1) 

915G 0.014 ± 0.02 0.081 ± 0.05 -0.001 1 ± 0.006 -0.0024 ± 0.005 

I 
(0.50 ± 0.9) (3.0 ± 2) ( -0.040 ± 0.2) (-0.090 ± 0.2) 

915H 0.014 ± 0.02 0.054 ± 0.03 -0.0024 ± 0.006 0.0038 ± 0.005 
(0.50 ± 0.9) (2.0 ± 1) ( -0.090 ± 0.2) (0.14 ± 0.2) 

I 916G 0.011 ± 0.02 0.076 ± 0.04 0.0062 ± 0.005 0.0014 ± 0.006 
(0.39 ± 0.7) (2.8 ± 2) (0.23 .± 0.2) (0.050 ± 0.2) 

I 
916H 0.0054 ± 0.01 0.027 ± 0.03 0.0014 ± 0.006 0.00081 ± 0.005 

(0.20 ± 0.5 (0.99 ± 1) (0.050 ± 0.2) (0.030 ± 0.2) 

917G 0.0073 ± 0.02 0.081 ± 0.05 -0.0022 ± 0.008 -0.0032 ± 0.007 

I 
(0.27 ± 0.6) (3.0 ± 2) (-0.080 ± 0.3) ( -0.12 ± 0.3) 

917H 0.032 ± 0.04 0.0068 ± 0.02 0.0014 ± 0.005 0.0049 ± 0.004 
(1.2 ± 1) (0.25 ± 0.6) (0.050 ± 0.2) (0.18 ± 0.1) 

I aPiezometer well locations are shown on Fig. 11. 
bGross alpha and gross beta analyses were performed in accordance with U.S. 

I 
Environmental Protection Agency (EPA) procedure 900.0. 

CUncontaminated groundwater in the Oak Ridge area usually contains <0.054 
pCijmL ( <2 Bq/L) gross alpha (see ref. 8). 

dUncontaminated groundwater in the Oak Ridge area usually contains <0.14 pCijmL 
( <5 Bq/L) gross beta (see ref. 8). 

ecobalt-60 and 137Cs analyses were performed in accordance with U.S. EPA pro-
ced ure 90 1.1. 

runcontaminated groundwater in the Oak Ridge area usually contains <0.014 
pCij mL ( <0.5 BqjL) 6°Co and 137Cs (see ref. 8). 
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Table A.2. Concentrations of mercury 
in groundwater samples collected 

December 13, 1988, from piezometer 
wells at WAG 12 

Well Concentration 
no.3 (~g/mL)b 

912 <0.0001 
913 <0.0001 
914 <0.0001 
915 <0.0001 
916 <0.0001 
917 <0.0001 

3Piezometer well locations are 
shown on Fig. 11. 

bMercury analyses performed in 
accordance with U.S. Environmental 
Protection Agency (EPA) procedure 
245.1 (modified). 
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I 
Table A.3. Results of analyses for volatile organics in groundwater samples 

I 
collected December 13, 1988, from piezometer wells at WAG 12 

Chemical Results from wells8 912 through 917 (~tg/L) 
Abstracts 

I Parameterb Service No. 912A 913A 914A 915A 916A 917A 

, 1,1, 1-trichloroethane 71-55-6 c c c c c c 

I 1,1 ,2,2-tetrachloroethane 79-34-5 c c c c c c 
1,1 ,2-trichloroethane 79-00-5 c c c c c c 
1, 1-dichloroethane 75-35-3 c c c c c c 

I 
I, I-dichloroethene 75-35-4 c c c c c c 
I ,2-dichloroethane 107-06-2 c c c c c c 
1 ,2-dichloroethene .(total) 540-59-0 c c c c c c 
I ,2-dichloropropane 78-87-5 c c c c c c 

I 2-butanone 78-93-3 c c c c c c 
2-hexanone 59I-78-6 c c c c c c 
4-methyl-2-pentanone 108-10-I c c c c c c 

I acetone 67-64-I d d d d c c 
benzene 71-43-2 d c c c c c 
bromodichloromethane 75-27-4 3c c c c 2c c 

I 
bromoform 75-25-2 c c c c c c 
bromomethane 74-83-9 c c c c c c 
carbon disulfide 75-15-0 c c c c c c 
carbon tetrachloride 56-23-5 c c c c c c 

I chlorobenzene 108-90-7 c c c c c c 
chloroethane 75-00-3 c c c c c c 
chloroform 67-66-3 f c d c 8g lc 

I chloromethane 74-87-3 c c c c c c 
cis- I ,3-dichloropropene l 0061-01-5 c c c c c c 
dibromochloromethane 124-48-l c c c c c c 

I 
ethylbenzene I00-4I-4 c c c c c c 
methylene chloride 75-09-2 d d d d d d 
styrene 100-42-5 c c c c c c 
tetrachloroethene 127-18-4 c c c c c c 

I toluene l 08-88-3 c c c c c c 
trans- I ,3-dichloropropene 10061-02-6 c c c c c c 
trichloroethene 79-01-6. c c c c c c 
vinyl acetate 108-05-4 c c c c c c 
vinyl chloride 75-01-4 c c c c c c 
xylene (total) 133-02-7 c c c c c c 

8Piezometer well locations are shown on Fig. 11 . 
bAnalyses performed in accordance with U.S. Environmental Protection Agency (EPA) 

procedure 8240. 
ccompound was analyzed for but was not detected. 
dEstimated value below the quantitation limit. Compound detected in both the sample 

and its associated blank indicating a possible laboratory contaminant. 
cEstimated value that is below the quantitation limit. 
rcompound detected in both the sample and its associated blank indicating a possible 

laboratory contaminant. 
gValue slightly above the quantitation limit for chloroform (5 1-'g/L). 
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Table A.4. Results of analyses for base/ neutral/ acid extractable organics 
in groundwater samples collected December 13, 1988, 

Parameterb 

1 ,2,4-trichlorobenzene 
1 ,2-dichlorobenzene 
1, 3-dichlorobenzene 
1 ,4-dichlorobenzene 
2, 4, 5-trichlorophenol 
2,4,6-trichlorophenol 
2,4~dichlorophenol 

2,4-dimethylphenol 
2,4-dinitrophenol 
2,4-dinitrotoluene 
2,6-dinitrotoluene 
2-chloronaphthalene 
2-chlorophenol 
2-methylnaphthalene 
2-methylphenol 
2-nitroaniline 
2-nitrophenol 
3, 3 '-dichlorobenzidine 
3-nitroaniline 
4,6-dinitro-2-methylphenol 
4-bromophenyl-phenylether 
4-chloro-3-methylphenol 
4-chloroaniline 
4-chlorophenyl-phenylether 
4-methylphenol 
4-nitroaniline 
4-nitrophenol 
acenaphthene 
acenaphthylene 
anthracene 
benzo(a)anthracene 
benzo(a)pyrene 
benzo(b)fluoranthene 
benzo(g,h,i)perylene 
benzo(k)fluoranthene 
benzoic acid 
benzyl alcohol 
bis(2-chloroethoxy )methane 
bis(2-chloroethyl)ether 
bis( 2-chloroisopropy l )ether 
bis(2-ethylhexyl)phthalate 
butylbenzylphthalate 
chrysene 
di-n-butylphthalate 

from piezometer wells at WAG 12 

Chemical 
Abstracts 

Service No. 

120-82-1 
95-50-1 
541-73-1 
106-46-7 
95-95-4 
88-06-2 
120-83-2 
105-67-9 
51 -28-5 
121-14-2 
606-20-2 
91 -58-7 
95-57-8 
91-57-6 
95-48-7 
88-74-4 
88-75-5 
91-94-1 
99-09-2 
534-52-1 
101-55-3 
59-50-7 
106-47-8 
7005-72-3 
106-44-5 
100-01 -6 
100-02-7 
83-32-9 
208-96-8 
120-12-7 
56-55-3 
50-32-8 
205-99-2 
191-24-2 
207~08-9 

65-85-0 
100-51-6 
111-91-1 
111-44-4 
39638-32-9 
117-81-7 
85-68-7 
218-01-9 
84-74-2 

Results from wellsa 912 through 917 (Ji,gfL) 

912C 913C 914C 915C 916C 917C 

c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c r: c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c c c c c 
c c ··' c c c c 
c 4d 8d c c 8d 
c c c c c c 
c c c c c c 
c c c c c c 
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Table A.4 (continued) 

' Chemical Results from wells8 912 through 917 (J.Lg/L) 
Abstracts 

I 
Parameterb Service No. 912C 913C 914C 915C 916C 917C 

di-n-octylphthalate 11 7-84-0 c c c c c c 

I 
dibenz(a,h)anthracene 53-70-3 c c c c c c 
dibenzofuran 132-64-9 c c c c c c 
diethylphthalate 84-66-2 c c c c c c 
dimethyl phthalate 131-11-3 c c c c c c 

I fluoranthene 206-44-0 c c c c c c 
fluorene 86-73-7 c c c c c c 
hexachlorobenzene 118-74-1 c c c c c c 

I 
hexachlorobutadiene 87-68-3 c c c c c c 
hexachlorocyclopentadiene 77-47-4 c c c c c c 
hexachloroethane 67-72-1 c c c c c c 

I 
indeno( 1 ,2,3-cd)pyrene 193-39-5 c c c c c c 
isophorone 78-59-1 c c c c c c 
n-nitroso-di-n-propylamine 621-64-7 c c c c c c 
n-nitrosodiphenylamine (I) 86-30-6 c c c c c c 

I naphthalene 91-20-3 c c c c c c 
nitrobenzene 98-95-3 c c c c c c 
pentachlorophenol 87-86-5 c c c c c c 

I 
phenanthrene 85-01-8 c c c c c c 
phenol 108-95-2 c c c c c c 
pyrene 129-00-0 c c c c c c 

I aPiezometer well locations are shown on Fig. 11. 
bAnalyses performed in accordance with U.S. Environmental Protection Agency (EPA) 

procedure 8270. 

I ccompound was analyzed for but was not detected. 
dEstimated value that is below the quantitation limit of 10 p.gfL. 

I 
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