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Radioactive Waste
Disposal Sites: -
Two Successful Closures

: at Tinker Air Force Base

Geoffrey McKenzie, James V. Mohatt, Stephen ]. Kowall, and Mary F. Jarvis

This article describes remediation and closure of two radioactive waste disposal

sites at Tinker Air Force Base, Oklahoma, making them exempt from regulatol"y
control. The approach consisted of careful exhumation and assessment of soils

in sites expected to be contaminated based on historical documentation, word of
mouth, and geophysical surveys; removal of buried objects that had gamma

radiation exposure levels above background; and confirmation that the soil
containi,g residual radium-226 was below an activity level equal to no more
than a 10 mrem/yr annual dose equivalent.

In addition, 4464 kg of chemically contaminated excavated soils were removed

for" disposal. After" remediation, the sites met standards for unrestricted use.
These sites were two of the first three Air"Force radioactive disposal sites to be

closed and were the first to be closed under Draft NUREG/CR 5512.

In 1991, Environmental Management Operations (EMO), operated
for the U.S. Department of Energy by Battelle Memorial Institute, was
contracted by Tinker Air Force Base (TAFB) to investigate two radiologi-
cal waste disposal sites (RWDSs) with the objective of remediation and

" closu,re from radiological regulatory control. These two sites had been
used to dispose of radium-containing wastes in the 1950s. They were the

". first to be closed under Draft NUREG/CR 5512. _

TAFB is located in the southeast portion of the Oklahoma City
metropolitan area. Industrial activities began at the base in 1942. The past
industria_ ac_.wities have used several different types of radiological
materials in the construction and repair of aircraft. Radium-coated dials
were used in the instrumentation panels of aircraft during the 1940s and
1950s. The radium paint was stripped from the dials with acetone or
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Federal Facilities Environmental Journal/Spring 1993 67



Geoffrey McKenzie, James V. Mohatt, Stephen J. Kowall, and Mal_yF. lalvis

Figure 1. Location of RWDS 1022E and RWDS 62598, Tinker AFB
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methylethylketone, resulting in a radium paint and solvent solution.
Until 1951, radioactive waste considered to be significant in nature was ,m

sent to the Canadian Radium and Uranium Corporation in Mt. Kisco,
New York. From 1951 until the 1960s, certain types of radiological waste
were disposed of on the base, along with other base refuse, in the landfills
located in the southwest portion of the base. Landfill disposal of radio-
active materials has long since stopped. Records searches _ identified
separate RWDSs at TAFB. Two sites, RWDS 1022E and RWDS 62598
(Figure 1), are the subject of this removal action.

This report describes the approach that was developed and how the
approach was implemented at TAFB by the major contractor, CDM
Federal Programs Corporation of Denver, Colorado. Tile characteriza-
tion of the two waste sites is described as it developed during excavation
and analysis activities. The successful conclusion of the project allowed
the Air Force to close the two waste sites.
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PROJECT APPROACH
The approach to the removal action at the two RWDSs was devel-

oped at a work plan workshop held May 22-24, 1991, at TAFB. This
workshop was attended by personnel from the TAFB Environmental
Management Directorate, the Air Force's Radioisotope Committee (RIC),
Armstrong Laboratory, EMO, and CDM.

Examination of data (including previous geophysical and radiologic

survey maps) established two important considerations that shaped the

to the First, radium-contaminated objects may have
approach project.
been buried in metal containers at the two sites. A surface geophysical

As the records indicated survey 3 identified anomalies consistent with buried containers. Thus,
_. that these objects were the selected approach tied the radiological contamination to the anoma-

the only radioactive lies. As the records indicated that these objects were the only radioactive
objects buried at the two objects buried at the two sites, it was determined that radium was the
sites, it was determined only isotope of concern. Radium had originally been used in vacuum
that radium was the only tubes and to coat the instrument panels ofplanes; radium-226 (=`Ra) was
isotope of concern, the predominant radioisotope used for dial painting purposes. It was

therefore decided to target ='Ra.
The second consideration was that this removal action was to deal

only with the radiological contamination at the sites. RWDS 1022E was
scheduled to be covered by a landfill cap; therefore, any chemical
contamination encountered would be dealt with only if it had to be
removed from the excavation. Any other refuse would be "onsidered to
be part of the landfill and left in piace. RWDS 62598 was Known to be in
an area that contained no chemical contamination.

The project approach was to excavate both sites in order to locate
either the suspected objects or the cause of the anomalies, or to excavate
the sites down to natural soils, which would allow the conclusion that no

objects could be buried beneath that level.
The Air Force directed use of Draft NUREG / CR 5512. As guidance,

we were instructed to use the drinking water ingestion pathway model
listed within Draft NUREG / CR5512 as the appropriate regulatory guid-

. . ance to close the sites and estimate the activity inventory for these sites.

These were the first radiological sites to be closed under the guidance of
NUREG / CR 5512.

Based on the fact that the site was scheduled for landfill capping and
in consideration of its industrial environment, it was decided that the

drinking water ingestion pathway was the credible pathway of exposure
that needed to guide the cleanup concentration values within the soil.

The Air Force established a 10 mrem/yr allowable dose equivalent

criterion to guide site closure. The U. S. Nuclear Regulatory Commission
(NRC) uses 10 mrem / yr as the criterion for granting or denying requests
for exemption from regulatory controls.' As indicated in the conclusion,
EPA standards for radium concentrations in soil were also met under
these closure actions.

SITE CHARACTERIZATION

Surface geophysical and intrusive surveys were conducted at and
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Figure 2. Excavation at RWDS 1022E
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around both sites. A sampling program was conducted to establish the
background activity levels for ='Ra for the general area of RWDSs 1022E

and 62598. This information was required because Draft NUREG/CR
5512 typically defines the total effective dose equivalent (TEDE) for

drinking water as a 10 mrem / yr allowable dose equivalent criteria above
the natural occurring background radiation exposure level.

RWDS 1022E was characterized for possible subsurface chemical

and radioactive contamination before excavation through a single bor-

, ing. The results of this boring were used to help determine the proper
- level of personnel protection and to help preplan the types of chemical

analyses needed to describe the soil as required by the Resource Conser-
•. vation and Recovery Act. RWDS 62598 was not characterized in this

manner because there was no record of chemical disposal at that site.
The following is a summary of the TEDE calculations, site descrip-

tions, and survey results.

TEDE Calculation

The TEDE was calculated using the groundwater pathway model of
Draft NUREG/CR 5512, using 10 mrem/yr as the acceptable dose

equivalent criterion. Figure 2a shows the planned excavation, whose

dimensions were used for the original calculation; Figure 2b shows the
actual excavation, whose dimensions were used in the final calculation

of TEDE. The volume of the excavation was calculated using the follow-

ing equation:

V = [(1/6) x hl x (B + 4M + B2) [1]

Where:

V = volume

h = height

Bj - area of lower base

. . B2 = area of upper base
M = area of midsection

B_ = 4.6m x 12.2m = 56.1 m 2

B2 = 18.3m x 25.9m = 473.9 ni 2
M = 11,4m x 19m = 216.6 na_

Substituting these values in Equation [1], we get:

V = (1/6 x 4.6m) x [56.1 na_+ 4(216.2 m _)+ 473.9 m _]

V - 1,070 m_

The translation of the TEDE value of 10 mrem / yr for drinking water to
the allowable contamination concentration levels remaining on the site

(the value C) was done using the following formula:
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C = TEDE [2]
VxDxDCF

Where:

C = _Ra concentration in soil equivalent to 10 mrem /yr dose
TEDE = Drinking water dose equivalent (10 mrem/yr)

V = Volume of material (1,070m 3or 1.070 x 10_cm3)

D = Density of material (2.0 gm / cm-')
DCF = Dose conversion factor for _Ra (1.3 x 10"' mrem/pCi)

Substituting these values in Equation [2], we get

C = 10

(1.07 x 10_)x 2.0 x (1.3 x 10 ''°)

C = 35.99

C = 36 pCi_Ra/gm

Using the dimensions of the actual excavation, 15m x 9m x 3m, in
Equation [1], and using the resulting volume and the measured density
of the material of 1.76 gm/cm 3in Equation [2], the actual value is

C = 1.07.9

Given the low precision of the excavation measurements, this may be
approximated as

C = 100 pCi2_Ra / gm

RWDS 1022E

A review of TAFB records indicated that eight to ten containers of . .
radioactive material were buried nine meters deep. It was suspected that
the containers were boxes of blocking tubes or vacuum tubes, each
containing no more than I millicurie (mCi) of _Ra.

Background gamma radiation exposure level in the site vicinity at
the time of the survey ranged from 6.5 to 7.0 microrem/hour (_R/hr),
measured by hand-held survey instruments. The site radiation levels
were at or below that background, with the exception of one isolated spot
approximately 15 cm in diameter located about nine meters east of the
center marker (an unlabeled piece of angle iron stuck in the ground, the
only marker at tbe site). Its gamma radiation exposure level at ground
elevation was 10.6 ,R/hr. During the conduct of the geophysical survey,
a verification radiological survey identified another isolated area ap-
proximately 20 cm to the south of the original spot. This new area ha6 a
reading of 14.2 ,R/hr.

Using ground-penetrating radar (GPR), induced electromagnetic

72 FederalFacilities Environmental ]ournal/Spring 1993



Radioactive Waste Disposal Sites: Two Successful Closures at Tinker Air ForceBase

(IEM) surveying, and total magnetic field gradiometer surveying, nu-
merous anomalies of varying sizes and at varying depths were detected.

RWDS 62598

This site reportedly contained a lead distillation unit, or still, with
radium paint solids. The still was constructed to volatilize solver, ts from
radium-stripping solution, allowing the bulk of the waste to be mini-
mized so that a new still was required only every four to five years. When

, the still became radioactively "hot," a top was soldered on and it was
buried.

Background gamma radiation exposure levels in the site vicinity
: ranged from 7.0 _R/hr to 8.0 _R/hr. The site's gamma radiation expo-

sure level was equal to or below the general background level. No
elevated gamma radiation exposure levels were detected on the ground
surface.

The GPR, IEM, and total magnetic field gradiometer surveys de-
tected several anomalies indicative of a burial pit and a pipeline•

Prior to the start of work,

film badges were issued, DESCRIPTION OF FIELD WORK PERFORMED

entry bioassays were The excavation work was performed from July 8 to July 12,1991, in
collected, and a radiation accordance with the "Work Plan for Radioactive Waste Disposal Sites
safety training session (RWDS) 1022E and 62598 Removal Action (WBS 1301).'_Prior to the start
was held. of work, film badges were issued, entry bioassays were collected, and a

radiation safety training session was held.

RWDS 1022E

RWDS 1022E was excavated with a tracked backhoe. Following
clearing of the site and setting up the controlled area, soil was removed
in lifts and stockpiled on the site. Screening of each lift was performed
with a metal detector, radiation survey instruments, and a photoioniza-
tion detector. Samples of each lift were collected from the stockpiles and
were analyzed for gross alpha, gross beta, and gamma spectroscopy by

• the on-site facility of the Armstrong Laboratory, Occupational and

Environmental Health Directorate, Brooks AFB, Texas. The total activity
• of the sc:,Is and any objects encountered was compared to a screening/

• removal activity level that would ensure that removal would conserva-
tively constitute attainment of the derived C value for the site, which had
been calculated in equations [1] and [2] to be 36 pCi_Ra/gin.

Samples of the stockpiles were analyzed by the TAFB chemistry
laboratory for organics by gas chromatograph headspace analysis. If a
stockpile contained a considerable amount of trash, the stockpiles were
also sampled for Toxicity Characteristic Leaching Procedure (TCLP)
metals analysis•

Work began in Level D personnel protective equipment. Levels of
protection and upgrading and downgrading of protection was con-
trolled through radiation work permits (RWP). Anyone wishing to enter
the controlled area had to read, sign, and comply with the current RWP
before entering the controlled area. The RWP could be updated at any
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time it was deemed necessary. Each day the workers had to read the
current RWP to ensure no changes had been made from the previous
day.

During the initial phase of the excavation, a shallow (1.5 meter deep)
metallic anomaly, which corresponded to the elevated gamma radiation
exposure readings (twice background), was encountered approximately
30 to 60 cm beneath the surface. Analysis by Armstrong Laboratory
determined that the small chunk of metal found here was magnesium-
thorium, apparently from an old aircraft part. The soils surrounding the
metal were analyzed and were determined to be sufficiently low in
radioactivity to allow soils to remain in situ. These metal chunks and

those subsequently found were removed, packaged, and turned over to
the Air Force.

At this point, respirator fit tests were performed and work was
continued in a modified Level C without respirators, according to the

RWP.Excavation continued, and, although the field screening with hand-
held instruments was not showing any contamination, it was decided to

...although the field keep stockpiles of each lift separate until test results came back from both
screening with hand-held Armstrong Laboratory and the TAFB chemistry laboratory. Stockpiles
instruments was not could then be combined, using a bulldozer, if test results revealed no
showing any contamination.

contamination, it was Large sheets of foil were encountered in the excavation at 30 to 90 cm
decided to keep stockpiles in depth and again at 1.5 to 2 meters. The foil trash covered the entire area
of each lift separate until of an anomaly _.hathad been detected by IEM. It appeared that the foil
test results came back.., accounted for that conductive anomaly. Analysis by the Armstrong

Laboratory detected no radioactivity associated with the foil.
The level of protection was downgraded to a modified Level D,

which included gloves and disposable boots.
Trash was encountered in layers in the eastern half of the excavation

from approximately .9 to 2.4 meters deep. A second small magnesium-
thorium object was encountered in a trash layer removed from the south
end of the excavation in the fourth lift. Because of this finding, Armstrong
Laboratory requested that each stockpile be screened with radiation
survey instruments to ensure no small objects were missed. Existing
stockpiles were either moved and new ones built in 30 cm lifts, or were

knocked down to a 30 cm lift so more detailed surveys could be
performed.

New stockpiles resulting from further excavation in the trash layers
were built in 30 cm lifts so screening with the radiation survey instru-
ments could be more thorough. This screening was in addition to that
conducted before removing each lift.

Armstrong Laboratory's sensitive hand-held survey instrument was
used for the more detailed screening of the stockpiles. After a stockpile
was cleared, a confirmatory survey of each stockpile was conducted by
Armstrong Laboratory personnel.

The excavation was continued to a depth of approximately 2.4
meters, where the layers of trash terminated. The three metallic anoma-
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lies in and adjacent to the IEM anomaly caused the
apparently were by

foil trash, which was thicker in areas of the metallic anomalies.

A third potentially A third potentially radioactive object was encountered, a compass
radioactive object was with radium paint on the dial. This was also turned over to Armstrong
encountered, a compass Laboratory.
with radium paint on the A crushed fifty-five-gallon drum with a solvent odor was encoun-
dial. tered at the north end of the excavation. The drum still contained some

liquid, which had contaminated the surrounding soils. A sample of the
. soils was taken to the Tinker Chemistry Laboratory for analysis. The
• results showed the soils to be contaminated with organics, but with no

radioactivity. Following upgrading of levels of protection to include
,_ respirators, the contaminated softs were containerized in two B-25 boxes

and set aside for later transport to interim storage.
At the 2.4-meter depth, there were no strong disturbances on the

metal detectors at the locations of the three metallic anomaly locations
from the previous survey map. However, there was some instrument
noise at the locations of the anomalies at the north and south ends of the

previously mapped IEM anomaly. It appeared that this noise was due to

trash in the walls of the excavation close to the anomaly map points.
Therefore, it was decided to lengthen the excavation to the north and

south to move the trash further away from the locations of the anomalies
and, at the same time, deepen the excavation in the area of all three of the

previously detected metallic anomaly points.

In deepening the excavation in those three areas, a gravel layer was
encountered at 3.35 meters and a sandstone lens was encountered at 3.65

meters. These layers were obviously undisturbed. At the conclusion of
this final phase of the excavation there were no disturbances at all on the
metal detectors in the bottom of the excavation and undisturbed soils

had been encountered in the areas of the metallic anomalies. Excavation

was terminated according to the approved work plan.

Following a final survey of the excavation that found no radiological
contaminatioa, a confirmatory survey was conducted by Armstrong

, . Laboratory. After surveying _he sides and bottom of the excavation, the

Air Force declared the excavation clear. Following completion of radio-

chemical analysis and detailed screening of the stockpiles by Armstrong
' Laboratory, the Air Force declared RWDS 1022E clear of radioactive

waste. This confirmatory survey was conducted by hand-held survey
instruments (a calcium fluoride detector with an Eberline ESP-2 probe).

An interim storage area was constructed to the northwest of the site

and the two B-25 boxes were placed in the storage area. Because two
magnesiumuthorium objects were found on the site, TAFB requested a

permit from the Air Force RIC to take possession of this radioactive

material. This involved the RIC activating its master license with the
NRC and granting TAFB a permit. The U.S. Air Force Health Physicist

became the radiation safety officer of the site, representing TAFB. The
conclusion of the work at this site and all of the work at RWDS 62598 was

completed under this arrangement. The three radioactive items encoun-

tered at RWDS 1022E were turned over to TAFB, which placed them in
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Table 1. Laboratory Tests of
Background Radioactivity Levels

Soil Concentration Levels

Alpha 11.0-21.1 pCi/g
Beta 12.5-21.8 pCi/g
Radium-226 <1.06-<1.58 PCi / g

&

Water Concentration Levels •

Alpha 11.3-13.8 pCi/1
Beta <3.5-18.6 pCi / 1 .
Radium-226 <0.65-<0.72 nCi / 1

Air Concentration Levels

Alpha <0.002-0.06 pCi / 1
Beta <0.0003-0.03 pCi/1
Radium-226 <0.51- <0.177 pCi / 1

interim storage in a secured area. On September 27, 1991, this material
was reported to Kelly AFB for its administration of the final shipment
and disposal.

RWDS 62598
This site was excavated in a manner similar to RWDS 1022E. How-

ever, a smaller, wheeled backhoe was used for excavation. The area at the

anomaly found by GPR analysis was excavated first, to a depth exceed-
ing 1.8 meters. Nothing was found at that location; the area around the
site marker was also excavated to a depth exceeding 1.8 meters.

As the excavation advanced, the soils were screened with the hand-held

survey instruments as at RWDS 1022E. The only anomaly encountered was
a slight metallic anomaly caused by a secondary deposit containing natu-
rally occurring iron, which surrounded some tree roots. The concentration
of iron was too low to be detected until the overburden was removed. . '

The IEM conductivity survey anomalies, identified as a pipeline in
the survey report, were confirmed because the pipeline was visible at the
surface and matched the location.

No radioactive waste was found at the site, and, following a confir-
matory survey by Armstrong Laboratory, the excavation was backfilled.
Analysis of soil samples from the excavation revealed radioactive and
chemical contamination levels sufficiently low to allow the soils to
remain in situ. "

FINDINGS

Samples of air, soil, and groundwater were analyzed by both Air

Force and private laboratories. Initially, background readings were

76 Federal FacilitiesEnvironmental Journal/Spring 1993



Radioactive Waste Disposal Sites: Two Successful Closures at Tinker Air Force Base

Table 2. Background Inorganic Metals

Concentration

Metal Soil Water

mg/kg mg/l

Antimony <6.0 <0.06
• Arsenic <6.0 <0.003

Beryllium 0.7-0.8 <0.001
Cadmium <0.5-0.7 0.054-0.056
Chromium 9-12 <0.01

Copper 9-10 <0.01
Lead 9-17 0.002-0.003
Nickel 13-16 <0.02
Selenium <1.0 <0.003
Silver <10 <0.01
Thallium <10 <0.01
Zinc 18-27 0.02-0.027

established, then samples from the excavations were analyzed for com-
parison. The background readings are summarized in the tables: radio-
activity in Table 1, metals in Table 2, and organics in Table 3. Excavation
samples were within or below background levels and are not included.

RWDS 1022E
A small amount of radioactive waste was encountered at this site.

The waste consisted of three small radioactive objects:

. , • Thorium (232Th)object, 291g, activity 2.1 nCi/gm
• Thorium (232Th)object, 119g, activity 1.7 nCi/gm

, • Radium (=6Ra) compass, 70g, activity 544 pCi/gm

Also encour_tered were 5.1 cubic meters of chemically contaminated
soils. These soils were containerized in two B-25 boxes pending proper
disposal. Test results of a sample of the material analyzed by the Tinker
AFB laboratory indicated that the soil was contaminated with organics.
A sample of the soil was characterized in accordance with the work plan
for the project. The above wastes were the only wastes encountered.
None of the objects anticipated to be buried at the site (containers of
vacuum tubes) were encountered_ All of the soils removed from the
excavation were below th. site release limit based on the 10 mrem/yr
above background TEDE or the Draft NUREG / CR 5512. Ali soil samples
tested for _Ra showed less than 5 pCi/gm from _Ra, well below the
derived NUREG 5512 limit of 100 pCi/gm from _Ra. It should be noted
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Table 3. Background Organic Materials

Compound Concentration Units: mg/kg Compound Concentration Units: mg/kg

Phenol <330 3-Nitroaniline <1700

bis (2-Chloroethyl) ether <330 Acenaphthene <330
1,3 Dichlorobenzene <330 2,4-Dinitrophenol < 1700
1,4-Dichlorobenzene <330 4-Nitrophenol <1700
Benzyl alcohol <330 Dibenzofuran <330 •
1,2-Dichlorobenzene <330 2,4-Dinitrotoluene <330

2-Methylphenol <330 Diethyl phthalate <330 •
bis (2-Chloroisopropyl) ether <330 4-Chlorophenyl phenyl ether <330
4-Methylphenol <330 Fluorene <330

N-Nitroso-di-n propylamine <330 4-Nitroaniline < 1700
Hexachloroethane <330 4,6-Dinitro-2 methylphenol < 1700
Nitrobenzene <330 N-Nitrosodiphenylamine <330
Isophorone <330 4-Bromophenyl phenyl ether <330
2-Nitrophenol <330 Hexachlorobenzene <330

2,4-Dimethylphenol <330 Pentachlorophenol <1700
Benzoic acid <1700 Phenanthrene <330

bis (2-Chloroethoxy) methane <330 Anthracene <330

2,4-Dichlorophenol <330 Di-n-buryl phthalate <330
1,2,4-Trichlorobenzene <330 Fluoranthene <330

Naphthalene <330 Pyrene <330

4-Chloroaniline <330 Butyl benzyl phthalate <330
Hexachlorobutadiene <330 3,3-Dichlorobenzidine <670

4-Chloro-3-methylphenol <330 Benzo(a)anthracene <330

2-Methylnaphthalene <330 Chrysene <330

Hexachlorocyclopentadiene <330 Bis(2-ethylhexyl)phthalate <330
2,4,6-Trichlorophenol <330 Di-n-octyl phthalate <330
2,4,5-Trichlorophenol <1700 Benzo(b)fluoranthene <330

2-Chloronaphthalene <330 Benzo(k)fluoranthene <330 " "

2-Nitroaniline <1700 Benzo(a)pyrene <330

Dimethyl phthalate <330 Indeno(1,2,3-cd)pyrene <330 ."
Acenaphthylene <330 Dibenz(a,h)anthracene <330

2,6-Dinitrotoluene <330 Benzo(g,h,i)perylene <330

that although site closure was guided by Draft NUREG/CR 5512, all

radioactive point sources and objects (regardless of activity) were re-

moved ana packaged in accordance with the As Low As Reasonably
Achievable (ALARA) directive. The computational applications afforded J,

by 5512 were recognized throughout the job, but because of the object
source nature of contamination coupled with the small amount of

excavated material, they were overridden by ALARA. Follow_.ng the
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containerization of the solvent-contaminated soils in the two B-25 boxes,
the soils encountered in the excavation were below the release limits for

organics (50 ppm total petroleum hydrocarbons). The soils with trash in
them were below the release limits for TCLP metals. Two of the stock-

piles with trash in them had slightly elevated levels of organics. After
they were combined with the other stockpiles on site, the resulting

material was found to be below the release limits for total petroleum
hydrocarbons. This material was put back in the excavation. No ground-

water was discharged from the excavation.

RWDS 62598

No waste or contaminants of any kind were encountered at this site.
The distillation unit that had been reported to be buried at the sit,_ was
not found. All soils removed from the excavation were well below the

release limits for organics and r,mtals and the 10 mrem/yr TEDE.

CONCLUSIONS

We removed two Air Force radioactive waste sites from regulatory
control by the following actions:

• Underground anomalies were resolved through excavation.
• Radioactive waste items were removed.
• Radiation concentration levels at the sites were measured at less

than 5 pCi/gm in all samples. The measured concentration level
of less than 5 pCi/grn is less than the maximum allowable
derived radioactive concentration limit of 100 pCi/gm under the
Draft NUREG / CR 5512.

• EPA standards for radium concentration in soil were met.
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