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EXECUTIVE SUMMARY

A surface radiologicai investigation was conducted intermittently from August 1992
through July 1993at two creeks receiving runoff from White Wing Scrap Yard. In this report,
the two creeks (both unnamed tributariesof Bear Creek) are referred to as the east creek
and the west creek based on their respective locations relative to White Wing Scrap Yard.

The radiological survey of accessible areas at the east creek revealed no detectable
gamma exposure rates above typical background levels (8 to 12 iA_Jh). The very slight
elevations in gamma and beta-gammalevels found along the creek were generally associated
with outcroppings of shale and typical of naturally _urring radionuclides present in such
material. No radiologicalanomalies were associated with an oily sheen observed on the water
at three locations, three 55-gal metal drums in or near the creek a small pile of metal debris
near the creek, or several enclosures used in a 1969 study of animal excretion rates.
Radionuclide analysis of three soil samples collected at the east creek demonstrated typical
backgroundconcentrations of 6°Co, 137cs, gross alpha activity, gross beta activity, and _K.

Results of the radiological survey at the west creek suggest that radioactive material,
primarilyuranium, from the former scrapyardhas been transported outside the Waste Area
Grouping (WAG) 11 boundary [as defined in RCRA Facility Assessment (RFA)-Oak Ridge
National Laboratory, OR_-12N2]. A path of elevated surface gamma exposure rates
(ranging up to 36 wR/h) sometimes 20 to 25 m wide straddled the creek and gradually
decreased to near backgroundlevels (8 to 12 l_R/h) as the creek flowed southwest awayfrom
the scrapyard.A broad,continuous area of uniformly elevated surface gammalevels (ranging
up to 36 _R/h) covered the floodplain in a region (--110 m long) where the stream channel
was poorly defined. Reduced flow rate in this area probably resulted in the deposition of
radioactive material transported by the creel

Gammaspectrum analysisat three locations in this floodplain were similar,showing 23SU
daughters (e.g., 234Th, 214Pb, and 234mpa) and 235U as the predominant radionuclides.
Naturallyoccurringuraniumcontains roughlyequal amounts of 226Raand _SU. A soil sample
collected from the contaminated floodplain contained 23Su (1100 pCi/g) in concentrations
.-650 times greater than 226Ra(1.7 pCi/g) indicating that the 23SUis definitely not of natural

235 137
origin.Concentrationsof U (63pCi/g)and Cs (8pCi/g)werealsonoticeablyelevated
in thissample.However,the elevatedsoilradionuclideconcentrationshad notbeen
incorporatedintotheonevegetationsample(clippedgrass)thatwasanalyzed.

Highest1-mgamma exposureratesatthewestcreekrangedfrom19to22/_R/h.Based
on a conservativeestimateofdirectexposureatthepointwiththehighest1-m gamma
exposurerate(22/_R/h),thissitedoesnotposeanexposurehazardforoccupationalworkers
ormembersofthegeneralpublic.Highestsurfacebeta-gammadoserateson thewestcreek
werefoundon arustybucket(1.1mrad/h)andthegroundunderthebucket(0.6mrad/h).

Recommendationsforcorrectiveactionsareincluded.
i
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The information presented in this report reflects the conditiom at the site at the time
of the survey anddoes not cover anysubsequent remedial act_ties. As a result of this survey,
a fence was erected enclosing a majorportion of the west creek.

In addition to radiologicai survey results for the east and west creeks, the appendix to
this report contains previouslyunreported resultsof supplementaryradiological analyses (e.g.,
plutonium) conducted on soil samples collected at White Wing Scrap Yard during a 1991
survey.
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1. INTRODUCTION

A surface radiological investigation was conducted intermittently from August 1992
through July 1993 at two creeks receiving runoff from White Wing Scrap Yard. The survey
was performed by the Measurement Applications and Development Group, Health Sciences
Research Division, Oak Ridge National Laboratory (ORNL) at the request of ORNL
Environmental Restoration Program personnel. The purposes of this survey were (1) to
determine the presence, nature, and extent of surface radiological contamination at and near
the two creeks and (2) to recommend interim corrective actions to limit human exposures to
radioactivity and minimize the potential for contaminant dispersion.

In this report, the two creeks (both unnamed tributaries of Bear Creek) will be referred
to as the east creek and the west creek based on their respective locations relative to White
Wing Scrap Yard. Figure 1.1 shows the general location of the east and west creeks in
relation to White Wing Scrap Yard and other landmarks in the area. Portions of the creeks
can be identified in a detailed drawing of White Wing Scrap Yard shown in Fig. A.1. The
west creek is shown as a streambed between 200L and 300L on the west side of the drawing;
the east creek is shown as a creek bordering the southeastern Waste Area Grouping
(WAG) 11 boundary.*

In addition to radiological survey results for the east and west ,._reeks,the appendix to
this report contains previously unreported results of supplementary radiological analyses (e.g.,
plutonium) conducted on soil samples collected at White Wing Scrap Yard during a 1991
survey.

• *White Wing Scrap Yard has been assigned to WAG 11 by the ORNL Environmental
Restoration staff?

1
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2. SITE HISTORY

The east creek and the west creek are of particularinterest because they receive runoff
from White Wing Scrap Yard. White Wing Scrap Yard is a largelywooded area of --30 acres
located in the McNew Hollow area on the western edge of East Fork Ridge, 1 mile east of
the junction of White Wing Road (Highway95) and Oak Ridge Turnpike. The scrapyardwas
formerly used for the aboveground storage of contaminated material from the Oak Ridge
K-25 Site, the Oak Ridge Y-12 Plant, and ORNL. Most of the contaminated material was
removed from the site duringthe late 1960s andearly 1970s. Currently,the area is overgrown
with weeds, tree_, and other types of vegetation interspersed with scattered debris,z_

In the fall of 1986, stream gravel and water samples were collected in the east creek in
order to determine if hazardousmaterialsand radionuclideshadbeen released from the scrap
yard.4 One site (WW-1) was located south of WAG 11where the east creek passes under Old
Couety Road, an area included in the present survey. Table 2.1, 1986 data, summarizes the
results obtained at location WW-I where the 9°Sr content of three stream gravel samples
averaged 1 ± 1 pCi/g. Two of the three samples contained backgroundconcentrations (<0.27
pCi/g) of _Sr; the third sample contained 2 pCi/g (errorof this measurement not reported).
Strontium-90 was low but detectable in the 1986 water sample (0.007 pCi/mL). A follow-up
sampling program,conducted in May 1987,5 included one site (WW-3) located downstream
south of the scrap yard within the present east creek survey area. Table 2.1, 1987 data,
summarizes the results obtained at sample location WW-3 where all radionuclide
concentrations were below backgroundconcentrations.

Anaiysis of 1991 groundwater monitoring data collected near the western boundaryof
WAG 11 indicated the presence of tritium and trichloroethene. Additionally, cadmium,
chromium, and mercurywere detected at levels slightly above Tennessee general water quality
criteria at one downgradient well.6

A surface radiological investigation of accessible areas at White Wing Scral_ Yard
between December 1989 and July 1991 indicated that elevated concentrations of _'U had
been transported beyond the perimeter of WAG 11 by means of a wet-weather stream (west
creek). Outside the WAG 11 rope boundary, gamma exposure rates up to 29 wgdh followed
the west creek with contiguous contamination extending west beneath Old County Road. A
streambed soil sample and a water sample were collected approximately 120 ft and 220 ft,
respectively, from the west WAG 11 rope boundary. The water sample contained no
radionuclides above typicalbackgroundlevels; the streambedsoil sample contained 100 pCi/g
of 23SU.(For comparisonpurposes, 23SUconcentrations in Tennessee surface soils range from
0.72 to 1.3 pCi/g and average 1.0 pCi/g.7) The survey described in this report was initiated as
a result of this finding.

During the course of this survey, the well-defined channel of the east creek varied in
width from 3 to 5 ft and contained running water 2 to 18 in. deep. The channel of the west
creek was less well defined, often disappearing completely in largefloodplains. In areas where
the west creek channel was defined, the width was similarto that of the east creek, but the
channel contained puddles ratherthan running water.



Table 2.1. Se.lected results from the 1986 and 1987 stream gravel surveys showing east
creek downstream sampling locations outside the WAG 11 boundary

RadionucHde 1986 data 1987 data

Background Location WW-1a Background Location WW-3 b

Stream gravel (pCi/g)

6°Co <0.05 c <0.16 d d

137Cs 0.08¢ <0.19 d d

mSr <0.27 ¢ 1 i 1 0.27_ 0.21 ± 0.16

_gPu d d 0.011 0.002 ± 0.003

23SU d d 0.7 0.17 ± 0.03

Water (pCi/mL )

6°Co <0.005 <0.008 d d

137CS <0.005 <0.01 d d

_Jr <0.005 <0.007 <0.005 0.002 ± 0.003

239Pu d d d <0.0003

2_U d d d 0.0004 ± 0.0001

aAbout 5 m west of bridge where east creek passes under Old County Road.
bDownstream south of White Wing Scrap Yard.
"Background estimated for counting procedure used in 1986 study.
dNot measured.

"Background estimated for counting procedure used in 1987 study.

Sources: W. J. Boegly, Jr., and G. IL Moore, Environmental Data Package for the White
BringScrap Yard (WAG 11), ORNL/RAP-45, Martin Marietta Energy Systems, Inc., Oak Ridge
Natl. Lab., April 1988 and S. J. Morrison and T. E. C_rling, Survey ofMeta_ Radionuclide and
Organic Contamination at 20 Waste Area Groups (WAGs), ORNL Facilities, Oak Ridge,
Tennessee, ORNIJRAP/SUB-87/27463/1, Martin Marietta Energy Systems, Inc., Oak Ridge
Natl. Lab., July 1987.



3. SURVEY METHODS

A description of typical methods and instrumentation providing guidance for the conduct
of this survey is presented in Procedures Manual for the ORNL Radiological Survey Activities
(RASA) Program.s All direct-measurement results presented in this report are gross readings;
background radiation levels have not been subtracted. Similarly,background concentrations
have not been subtracted from radionuclide concentrations measured in environmental
samples.

3.1 GAMMA RADIATION

Surface gamma radiation was measured with a sodium iodide (NaI) scintillation probe
connected to a Victoreen Model 490 Thyac III ratemeter. Because NaI gamma scintillators
are energy-dependent, measurements of gammaradiation levels madewith these instruments
must be normalized to pressurized ionization chamber (PIC) measurements to estimate
gammaexposure rates. The function developed for these conversions is

y =CF×x

where

y = the exposure rate (/A_),

CF = the slope of the regression line calculated by plotting a selected number of PIC
measurements (/zR/h) vs scintillometer measurements (kcpm) at the same
locations,

x = the scintillometer measurements in thousand counts per minute (kcpm).

At the west creek, CF varied from 2.5 in areas with no contamination to --1 in areas with
widespread uraniumcontamination. The same conversion factors were applied at both creeks
so that the results reported in this report would be comparable.

3.2 BETA-GAMMA RADIATION

A Bicron miniscaler/ratemeterwith a Geiger-Mueller pancake detector was also used to
detect beta-gamma radiation. After calibration of the detectors to a known uraniumsource,
beta radiation detection levels in counts per minute were converted to dose rates in millirads
per hour using the following relationship:

2000 cpm - I mrad/h.

i
I
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3.3 SECTIONING OF SURVEY AREA

To facilitate reporting of results, the survey at each creek was initiated from a zero point
located near a monitoring well with known master grid coordinates. From the zero point,
additional points were located by means of compass direction and a measm_7,_number of
meters in order to divide the creeks into sections. Each section is referred to by its
southernmost point [e.g., S,80°E,+218 m refers to the section of the creek between this
measurement point and the next closest point up the creek, usually in a northern or
northeastern direction (refer to figures in Sect. 4)].

3.4 SCOPE OF THE SURVEY

The survey included the following:

• A surface gamma scan of the east and the west creeks. The surface gammascan at the
east creek included a_ible areas of the def'me.dcre_k channel and the creek banks

extending outward from the channel trough approximately4 to 5 m on each side. (The
east creek streambed channel was filled with water,* thus eliminating the streambed
from the survey.) The surface gamma scan at the west creek covered the streambed,
bank, and adjacent regions extending outward from the creek --10 ft beyond the point
where background gamma exposure rates (8 _R/h) were encountered. Wet-weather
drainage areas entering the creek and sections of floodplain bordering the mainchannel
were surveyed at both the east and the west sites.

• Measurement of gamma exposure rates at the surface and at 1 m above the ground
surface at points with elevated radiation levels. If no gamma radiationlevels above typical
background were found in a section, surface and 1-m gamma exposure rates were
measured at a point representative of the higher end of the range of gamma levels found
in that section.

• Measurement of beta-gamma dose rates at the surface at points with elevated gamma
radiation levels. If no gamma radiation levels above typicalbackgroundwere found in a
section, surface beta-gamma dose rates were measured at the point selected as
representative of the higher end of the range of gamma levels found in that section.

• Gamma spectrum analysiswith a NOMADm gamma spectroscopy systemat the four PIC
measurement locations at the west creek.

• Radionuclide analysis using gamma spectrometry of two soil samples and one sediment
sample collected at the east creek and two soil samples and one vegetation sample
collected at the west creek.

*Water can totally shield alpha and beta radiation and attenuate gamma radiation.



4. SURVEY RESULTS

4.1 GAMMA EXPOSURE RATES

A general layout of the east creek is shown in Fig. 4.1, and results of the surface gamma
scan are shown in Sections EA, EB, EC, and ED (Figs. 4.2 through 4.5). Gamma exposure
rates along the creek ranged from 6 to 12 /zR/h with the higher levels (9 to 12 _R/h)
consistently associated with outcroppings of shale. Most shales contain naturally occurring
radionuclides that produce these slight elevations in gamma levels. East creek gamma
exposure rates at 1 m were generally 8 or 9/zR/h, typical of background 1-mgamma exposure
rates in the area.

At three east creek locations, an oily sheen was observed on the water (Fig. 4.2), but no
elevation in radioactivity levels was associated with this phenomenon. At three different east
creek locations, 55-gal metal drums were observed in or near the creek (Figs. 4.2 and 4.5),
again with no associated elevation in radioactivity levels. A small pile of metal debris on the
east side of the east creek and several enclosures located directly across the creek to the west
(Fig. 4.5) contained no radiological anomalies. (The enclosures are part of Environmental
Research Area 8 used in 1969 when cotton rats and white-footed mice were injected with
137Cs and 59Fe to determine elimination rates of these radionuclides by small wild rodents. 9
All animals in the pens were removed at the end of the experiment, and, as previously
reported, 1° no detectable radioactivity remains at the site.)

A general layout of the west creek is shown in Fig. 4.6, and results of the surface gamma
scan in Sections WA, WB, WC, and WD are shown in Figs. 4.7 through 4.10. Due to the
absence of numerous outcroppings of shale, typical background gamma exposure rates at the
west creek were 8 tdUh or less. Elevated gamma exposure rates formed a path sometimes 20
to 25 m wide that straddled the creek and gradually decreased to near background levels as
the creek flowed southwest away from the scrap yard. The path of elevated gamma levels is
defined by the dashed 8-/AUh boundaries on either side of the creek in Figs. 4.7 through 4.9.

Surface gamma exposure rates ranged from 8 to 36/zR/h in Section WA (Fig. 4.7), which
is nearest to the former scrap yard. The most contaminated area on the west creek was
located between +110 m and +238 m. In this area the streambed changed from a distinct
channel to a broad floodplain where decreased flow rate allowed widespread, uniform
deposition of radioactive material carded by the stream. Uncontaminated ground was virtually
impossible to find between +110 m and +238 m, whereas elevated gamma levels along the
creek to the northeast and southwest were more spotty in nature. Surface gamma exposure
rates ranged from 8 to 17 taR/h in Section WB, from 8 to 18 _R/h in Section WC, and from
8 to 12 jzR/h in Section WD. Elevated 1-m gamma exposure rates (19 to 22/_R/h) were
evident in Section WA (Fig 4.7), but 1-m gamma exposure rates measured in the other
sections of the west creek did not appear to be elevated.
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4.2 SURFACE BETA-GAMMA DOSE RATES

Results of surface beta-gamma dose rate measurements at the east creek are shown in
Sections EA, EB, EC, and ED, Figs. 4.11 through 4.14. Beta=gammadose rates ranged from
0.02 to 0.07 mrad/hwith the higher levels consistently associated with outcroppings of shale.

Surface beta-gamma dose rates measured at the west creek are shown in Sections WA,
WB, WC, and WE),Figs. 4.15 through 4.18. Ground surface dose rates ranged from 0.04 to
0.7 mrad/h in Section WA, from 0.04 to 0.6 mrad/h in Section WB, from 0.03 to 0.2 mrad/h
in Section WC, and from 0.02 to 0.1 in Section WD. Typical background beta-gamma dose
rates in this area range from 0.02 to 0.05 mrad/h with slightly higher levels found associated
with the shale. Rusty metal cans in Section WA (Fig. 4.15) showed no elevated radioactivity,
but a rusty bucket in Section WB (Fig. 4.16) exhibited elevated beta-gamma dose rates of
1.1 mrad/h. Dose rates on the ground under the bucket measured 0.6 mrad/h.

4.3 PORTABLE GAMMA SPECTROSCOPY ANALYSIS

The NOMADm gamma spectroscopy system was used to perform a gamma spectrum
analysis at the four locations where PIC readings were taken. Locations for PIC readings 1,
2, and 3 are shown in Fig. 4.7. A background gamma spectroscopy analysis for the area was
conducted at the location of PIC reading 4, 22 m south of + 140 m on Old County Road (not
shown in Fig. 4.7).

Anal_is results at sample locations 1, 2, and 3 (Figs. 4.19, 4.20_,and 4.21) were similar,
showing _'-"U daughters (e.g., 234Th, 214pb, and z_L'npa) and Z3_U as the predominant
radionuclides detected. Uranium-238 is not easily identified by gamma spectroscopy using
sodium iodide detectors; however, its presence can be inferred by the presence of its
daughters. Small amounts of ]37Csand 4°K were also detected at locations 1, 2, and 3. Results
at sample location 4 (Fig. 4.22) show 214Pb(a decay product of naturally occurring Z3SU)and
small amounts of 137Csand 4°K.

4.4 SOIL/SEDIMENT SAMPLE ANALYSES

Results of soil sample analysis are given in Table 4.1, and sample locations are identified
in Figs. 4.2, 4.4, 4.5, 4.7, and 4.10. West creek soil sample B1 contained 1200 pCi/g gross
alpha activity and 1100 pCi/g gross beta activity, confirming results obtained with the
NOMADm gamma spectroscopy system at PIC location 2 (Figs. 4.7 and 4.20). Gamma
exposure rates at this location were 34/zR/h at the ground surface and 21/zR/h at 1 m above
the ground surface; beta-gamma dose rates measured 0.7 mrad/h (Table 4.1 and Figs. 4.7 and
4.15).
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Table 4.1. Concentrations of 7Be, _0Co,l_Cs ' grass alpha act _Co,l_Cs, gross alpha activity, gross beta activity, and 4°K
in environmental samples collected at two creeks near !llectedat two creeks near White Wing Scrap Yard

Gamma exposure rate Surface

Sample (_tR/h) beta-gamma Concentration Concentration (pCi/g dry weight)
Sample depth dose rate
ID (in.) Surface 1 m (mrad/h) 7Be coco 137Cs 137Cs Gross alpha Gross beta 4°K Location

B1° 0-2 34 21 0.7 b 0.11 ±0.1 6.8 +0.3 6.8 +0.3 1200 +80 1100 ±30 b West creek soil sample from
contaminated area near + 148 m

B2¢ 0-3 8 8 0.02 b 0.001+0.03 0.079+0.02 3 0.079±0.02 19 ± 9 33 ± 7 24 ±1 West creek soil sample from area
at end of survey (near +1079 m)

B3d 0-6 8 8 b b 0.021+0.09 0.030±0.09 9 0.030±0.09 19 ± 9 21 ± 7 23 ±2 East creek soil sample taken beside
creek near stone bridge where
creek goes under Old County Road
(near +591 m)

B4e 0-6 8 8 b b 0.029±0.05 0.077±0.03 5 0.077±0.03 11 ± 7 26 ± 7 18 ±1 East creek soil sample taken beside
creek near origin of survey (near
+0 m)

B5r 0-2 12 8 0.06 b 0.046±0.07 0.019±0.08 7 0.019±0.08 8.1 ± 5.4 21 ±5 18 ±1 East creek sediment sample
scraped from rock in shale-covered
area near +762 m

V1° g 25 21 0.3 1.4±0.1 0.002±0.01 0.005±0.01 1 0.005±0.01 0.16± 0.08 4.9±0.3 5.1±0.3 West creek vegetation sample,
grass from floodplain cut off above
roots, 2 m south of + 140 m

°West creek sample locations shown in Figs. 4.7 and 4.15.
bNo data.

cWest creek sample location shown in Figs. 4.10 and 4.18.
dEast creek sample location shown in Figs. 4.2 and 4.11.
eEast creek sample location shown in Figs. 4.4 and 4.13.
feast creek sample location shown in Figs. 4.5 and 4.14. Additional analyses on this sample: 23Spu,0.0002 ± 0.001; 239pu, u, 0.0002 ± 0.001; 239pu,-0.003 ± -0.002; 226Ra,0.46 ± 0.22; 232Th,0.001 ± 0.004; and 23SU,0.076 ± 0.02.
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Additional gamma spectrometric analysisof sample B1 is shown in Table 4.2. Naturally
occurring uranium contains roughly equal amounts of ZZ6Raand Z_SU.Since sample B1
contains 2_U (1100 pCi/g) in concentration -650 times greater than Z26Ra(1.7 pCi/g), the
Z3Su is definitely not from natural sources. Concentrations of Z35U(63 pCi/g) and 137Cs
(8 pCi/g) are also noticeably elevated in this sample.

Radionuclide concentrations in samples B2 collected at the west creek and B3 and B4
collected at the east creek (Table 4.1) are typical of those found in uncontaminated areas on
the Oak Ridge Reservation.* Similarly,gamma exposure rates were not elevated at these
sample locations. Sample B5 was collected at the east creek in an area with slightly elevated
gamma exposure rates (12 _R/h). The area was covered with shale outcroppings, and the
slight elevations in gamma exposure rates were thought to be due to naturally occurring
radionuclides present in shale. Results of radiological analysis of sample B5 (Table 4.1)
including additional analysis for 23Spu,239pu,22_Ra,Z32Th,and Z3SU(footnote f, Table 4.1)
confirmed this hypothesis.

43 VEGETATION SAMPLE ANALYSIS

Grass from the contaminated floodplain at the west creek was cut above the roots and
submitted for radionuclide analysis. Results of analysisof sample V1 are shown in Table 4.1;
sample location is shown in Fig. 4.7. Radionuclide concentrations above typical background
levels were not detected in the sampled vegetation. However, elevated gamma exposure rates
of 25 mR/h at the surface and 21 mR/h at 1 m and elevated beta-gamma dose rates of
0.3 mrad/h were measured at the sample location.

Table 4.2. Concentrations of radionuclides in sample B1
collected at the White Wing Scrap Yard west creek

Radionuclide Concentration (pCi/g dry wt)

23SU 1100 + 40

235U 63 + 1

137Cs 8 ± 0.4

226Ra 1.7 + 0.1

232Th 1.4 + 0.3

22SRa 1.3 :t: 0.4

*Uncontaminated soil on the Oak Ridge Reservation normally contains 5 to 20 pCi/g

rcoOSSalpha activity, 15 to 40 pCi/g gross beta activity, and <0.1 pCi/g (lower detection limit)
and 137Cs(J. W. Wade, Analytical Chemistry Division, Oak Ridge Natl. Lab., personal

communication to M. S. Uziel, Health and Safety Research Division, Oak Ridge Natl. Lab.,
September 1989).
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5. SIGNIFICANCE OF FINDINGS

The radiological survey of accessible areas at the east creek revealed no detectable
gamma exposure rates above natural background levels (8 to 12 laVJh). The very slight
elevations in gamma and beta-gamma levels found along the creek were generally associated
with outcroppings of shale and typical of naturally occurring radionuclides present in such
material. No radiological anomalies were found associated with an oily sheen observed on the
water at tla'ee locations, three drums in or near the creek, a small pile of metal debris near
the creek, or several enclosures used for a 1969 studyof animal excretion rates. Radionuclide
analysis of two soil samples and one sediment sample (B3, B4, and B5) collected at the east

. 60 137 ' '
creek showed typicalbackground concentrationsof Co, Cs, gross alphaactivity,gross beta
activity, and 4OK.

Results of the radiological survey at the west creek suggest that radioactive material,
primarily uranium, from the former scrap yard has been transported outside the WAG 11
boundary [as defined in RCRA FacilityAssessment (RFA)--Oak Ridge National Laboratory,
ORNL/RAP-12N2]. 11 A path of elevated surface gamma exposure rates (ranging up to
36 _TJh) sometimes 20 to 25 m wide straddled the creek and gradually decreased to near
background levels (8 to 12 _tR/h)as the creek flowed southwest away from the scrapyard.A
broad, continuous area of uniformly elevated surface gammalevels (ranging up to 36 _tR/h)
covered the floodplain in the region between +110 m and +238 m (Fig. 4.7) where the
stream channel was poorly defined. Reduced flow rate in this area probablyresulted in the
deposition of radioactive material carried by the creek.

Gamma spectrum analyses at three locations in this floodplainwere similar,showing 23SU
daughters (e.g., 234Th, 214pb, and 234'npa) and 235U as the predominant radionuclides.
Uranium-238 is not easily identified by gammaspectroscopy using sodium iodide detectors;
however, its presence can be inferred by the presence of its daughters. Furthermore, naturally
occurring uranium contains roughly equal amounts of 226Raand 23SU.A soil sample (B1)
collected from the contaminated floodplain contained 238U (1.100 pCi/g) in concentrations

226 238
-.650 times greater than Ra (1.7 pCi/g) indicating that the U is definitely not from

2351 137
natural sources. Concentrations of U (63 pCi/g) and Cs (8 pCi/g) were also noticeably
elevated in this sample. The elevated soil radionuclide concentrations had not been
incorporated into the one vegetation sample (clipped grass) that was analyzed.

Highest l-m gamma exposure rates at the west creek ranged from 19 to 22 _R/h. A
conservative estimate of direct exposure can be calculated at the point with the maximum1-m
gammaexposure rate (22 _R/h) using a worst-case scenario. If an occupational worker spends
8 h/day, 5 days/week, and 50 weeks/year (2000 h/year total exposure) at a 22-ttR/h spot, the
annual dose equivalent is about 44* mrem. This is well below the 100-mrem
above-background value specified in DOE Order 5480.11 as the annual limit for designating
occupational workers as radiation workers and the limit for any member of the public who
accesses a DOE site.12Highest surface beta-gammadose rates on the west creek were found
on a rusty bucket (1.1 mrad/h) and the ground under the bucket (0.6 mrad/h).

*Assuming 1 R = 1 rad = 1 rem.
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6. RECOMMENDATIONS

Recommendationsspecifiedherearebasedexclusivelyon the resultsof thisradiological
scopingsurvey.Became a scopingsurveyis considereda limited, cursoryinvestigation,the
dataandsubsequentassessmentof datapresentedin thisreportshouldbe consideredonly
a "snapshot"representationof the creeks duringthe dates of the :urvey. Additional
correctiveactionsmaybe necessaryfollowinga moredetailed,radiologicalandchemical[i.e.,
organicsandinorganics(metals)]characterizationof the creeks."drainingfromtheWhiteWing
ScrapYardsite. In thewestcreeksurveyarea,the presenceof largeareasof elevatedgamma
radiationlevels at the groundsurface,verified uraniumcontaminationin sampledsoil, and
the finding of a radioactivelycontaminated metal bucket warrant corrective actions.
Additionally,observeblepollutionalongthe east creeksurveyareaincludedone 55-galmetal
drumin the creekandtwo 55-galmetaldrumsin the surveyareaalongsidethe east creek.

Two basic strategies for corrective action considerationsare (1) isolation of the
contaminatedareas (e.g., roping),includingmeasures to minimizethe dispersionand/or
redistributionof fugitiveradionuclides,and(2) removal,treatment(if required),anddisposal
of contaminatedmaterial(e.g., hotspots andcontaminateddebris).Health riskassessments
shouldbe conductedandused in the evaluationof remedialactionoptions.

Recommendationslisted below consist of ground-surfacemeasures to limit human
exposuresto radioactivity,minimizesurficialdispersionof radiologicalcontamination,and
monitor any such dispersion. Not every contaminationsituation would involve the
implementationof allrecommendationslistedbelow;rather,the recommendationsshouldbe
considered individuallyor in appropriatecombinations.A primaryconcern in assessing
appropriatecorrective actionsis the minimizationof exposuresof personnel to radiation.
Therefore,correctiveactionmeasuresshouldbe in accordancewiththe radiationsafetypolicy
of ORNL to conductalloperationsin such a mannerthatpersonnelexposuresto radiation
are maintainedat a level as low as reasonablyachievable(ALARA).

It is not withinthe scope of this investigationto identifyand/orcorrelatefederal and
state environmentallawsand theirapplicabilityfor a suggestedcorrectiveaction;however,
it is importantto mentionthatanycorrectiveand/orremedialactiontakenatthe creeksmust
be in accordwithapplicablefederalandstate lawsand DOE orders.The referencesection
includestwodetailedsourceslistingmajorenvironmentallawsz3and proposedguidancefor
developingremedialactionstrategiesat radioactivelycontaminatedsites.14

Isolation of ContaminatedSoilAreas

• It is recommendedthata physicalboundary(e.g., fence) be establishedalongeach side
of the westcreek fromthe scrapyardsite to a reasonablelocationdowngradientof the
site (i.e., a locationwhereno contaminationis measuredin sampledsoil/sediment).This
boundaryshouldencompassthe identifiedcontaminatedsoil areasalongthe westcreek.
Thisactionwouldpreventinadvertentintrusiononto contaminatedsoil areas.Warning
signsshouldbe posted alongthe rope boundarywith instructionsto contactthe ORNL
Office of RadiationProtectionbefore enteringthese areas.Basedon recommendations
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outlined by ORNL's Officeof Radiation Protection, "Radiation Hazard--Keep Out"
signs would be applicable.This type of warningsign is used primarilyto warn the general
Laboratory population and the public where access to an area is limited to authorized
personnel who have the trainingnecessary to safely perform their job functions within
the area.

. The presence ofelevated 23SUconcentrations (1100 pCi/g) measured in soil fromthe
w¢_t creek survey area indicates that a long-term problem exits (the half-life of 23Su is
4.5 x 109 years). It is therefore recommended that identified uraniumcontamination in
soi_be considered for remediation because long-term institutional control measures are
impractical and unrealistic. Conversely, because soil contamination identified in this
survey is within approximate creek floodplain boundaries, the removal, treatment, and
disposal of soil may pose a greater health riskthan leaving it in situ (i.e., cleanup actions
may potentially generate the release of low concentrations of radionuclides into the
creeks).

s Institutional control of the WAG 11 area (e.g., radiation control measures, such as
fencing) should be maintained pending decisions on cleanup actions and final disposition
of the site. Periodic monitoring for fugitive radionuclides andchemicals in soil, sediment,
surface water, and vegetation should be performed along and downgradient of the west
and east creeks. Although no radioactive contamination was detected in the cast creek
survey area, it would bc prudent to measure radionuclide concentrations in the areal
biota. Note that remedial actions taken at the White Wing Scrap Yard site may
potentially influence downstream concentrations of radionuclides in both creeks.

. Because manyareas along the creek were not accessible for surface gammascanning due
to heavy overgrowth, it is recommended that systematic sampling of vegetation and
subsequent radionuclide analysisbe conducted. Contaminated vegetation, if found, may
serve as a biomarker for residual soil contamination. Additionally, we recommend
systematic soil/sediment sampling at both the west and east creeks--in particular, at
locations where the creeks are in close proximity to the scrap yard site.

Drum Characterization and Removal

s Although no radiological anomalies were detected by direct measurements, the three
55-gal metal drums found in the east creek survey area should be smeared for
determination of transferablecontamination. After this assessment, the drums should be
removed and properly disposed of. This recommendation also applies to the
contaminated metal bucket found near the west creek.
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After publication of Surface Radiological Investigations at White grmg Scrap Yard, Oak
Ridge Reservation, Oak Ridge, Tennessee, ORNL/ER-52,1 in September 1991, several soil
samples collected during that survey were reanalyzed to determine plutonium
concentrations. Plutonima analysisresultswere not availableearlier became plutonium emits
low-energy, low-intensity gammas that require very specialized detector_ for quantification
by gamma spectrometry analysis, the method previously used to analyze the White Wing
Scrap Yard soil samples. Therefore, selected samples have since been subjected to
radionuclide analysesmore appropriatefor plutonium quantitation: total plutoniumanalysis
(a chemical separation process) and 23Spu/_Pu isotopic analysis.

Results of the analyses on 13 soil samples collected during the 1991 survey are shown
in Tables A.1 and A.2; sample locations are shown in Fig. A.1. In general, plutonium

concentrations were s_ificantly _eur than typicalO.R_ perimeter backgroundvalues.Typical background Pu and concentrations m 15 soil samples taken from
uncultivated areas at ORNL perimeter air monitoring stations averaged 0.0039 and
0.028 pCi/g (dry wt), respectively.2

At White Wing Scrap Yard, the highest total plutonium concentration was 65 pCi/g in
sample Bll. The B11 samplinglocation is south of Hot Yard Road in an areaformerly used
by ORNL for aboveground storage of contaminated scrap. Some scrap material, mo,qly
stainless steel and aluminum,was contaminated with plutonium.

Highest isotopic 239puconcentrations in soil measured 38 pCi/g in sample B19A
(surface) and 19 pCi/g in B19B (subsurface). The B19 sampling location is at the west end
of WAG 11 (-420 ft north of Hot Yard Road). This location of plutonium-contaminated
soil is particularlymeaningful because the sampling location (B19) is -100 ft west of the
WAG 11 boundary (Fig. A.1) This finding supports previous conclusions that designated
operational boundaries from the Oak Ridge K-25 Site, Oak Ridge Y-12 Plant, and ORNL
were not strictly adhered to, and/or these facilities managed a variety of radionuclides.

Laboratory analyses demonstratehighgross alphaconcentrations in all samples andhigh
gross beta concentrations in Table A.1 samples. (Table A.2 samples were not analyzed for

gross beta.) Elevated gross alpha and gross beta concentrations are largelydue to uranium
contamination, although 137Cs,,dentified in samples BTA and BTB, may also contribute to
gross beta.
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TableA1. Commut_ of _ _ _ _p_ _ beta,andmm h in
soil samples collected at the White W'mg ScrapYardsite

Sample Concentration (pCi/g)
ID Location" eeCo tSTCs Gross alpha Gross beta Total Pu

BTA 5+21, 261L <27 5,900 i 100 490 ± 80 2,600 ± 200 b

B7W' 5+21, 261L <27 2,700 ± 70 270 ± 60 3,500 ± 200 b

BSA 4+62, 242L <27 <54 18,000 ± 500 19,000 ± 400 21 ± 7

B8B" 4+62, 242L <54 <54 35,000 ± 500 40,000 ± 500 28 ± 8

B10 11+95, 266R <54 <27 13,000 ± 400 14,000 ± 400 11 ± 5

Bll 10+70, 212R <27 <27 20,000 ± 500 34,000 ± 500 65 ± 13

"Sample locations are shown in Fig. A.1.
bNo analysis conducted.
CBindicates subsurface sample. All other samples are surface samples.

Table A.2. Conceatrations of gram alpha, 2SaPu,and Z_Pu in soil samples
collmed at the White W'mgScrap Yard site

Sample Concentration (pCi/g)
ID Locationa Gross alpha 23Spu 239pu

]36 5+76, 176I.. 2,500 ± 50 -.0.38 ± 0.5 12 ± 2

B16 0+60, 340L 510 ± 30 --0.0081 ± 0.1 0.57 ± 0.30

B17 -3+30, 250L 200 ± 10 0.054 ± 0.5 -0.46 ± 0.5

B18 12+70, 58R 16,000 ± 300 0.14 ± 2 0.49 ± 1

B19A -1+10, 410L 3,200 ± 300 0.86 ± 0.6 38 ± 3

B191_ -1+10, 410L 1,900 ± 30 0.57 ± 1 19 ± 3

B20 -1+60, 430L 15,000 ± 300 -0.46 ± 2 5.1 ± 4

'*Sample locations are shown in Fig. A.I.
bB indicates subsurface sample. All other samples are surface samples.
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