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Introduction

. A surveyof thegammaradiationbackgroundfromterrestrialsourceswas conductedatthe

CEBAFsite,NewportNews,Va, on November12-16,1990, to providea gammaradiation

baselineforthesitepriorto thestartupof theaccelerator.Theconcentrationsanddistributions

of thenaturalradioelementsinexposedsoilweremeasured,andtheresultsof themeasurements

were convertedintogamma-rayexposurerates. Concurrently,sampleswerecollectedfor

laboratorygammaspectralanalyses.

The principalterrestrialsourcesof gammaradiationareuranium-238,thorium-232,their

decayproducts,andpotassium-40(WollenbergandSmith,1990). Fission-productfallout,

primarilyfromnuclearbombtestsintheatmosphereinthe1950sand1960s,presently

contributeslessthan5% of theterrestrialgammaradioactivity.The gamma-rayfieldfrom

radioelementsinrockandsoilissuperimposedon a nearlyconstantfieldfromcosmicradiation,

--3 microR/hintheCEBAFarea (EG&G,1975).

The geologicsettingof CEBAF is dominatedby the softsedimentsof the Atlanticcoastal plain. The

surficial soils, generallysandy loam with somecalcareousclayey horizons,were developedfrom

terrace depositsof Quaternaryage (Spanglerand Peterson, 1950;Avon Burke and Root, 1907).

In a preliminarygeotechnicalexplorationreport, the upper stratumof soil at CEBAFis

describedas "...loose to firm clayey sands, silty sands,sandy to silty clays,and silts of the

Norfolk Formation"(Law, 1985). Underlyingthe NorfolkFormation,and exposed in the lower

portionof the end station excavationat the time of our survey, is firm silty sand,containing

shell fragments,of the Yorktown Formation.

Procedures

Field Activities:

Field activitiesconsisted of a survey by a portablegamma-rayspectrometer system,the

GeometricsGR 410, incorporatinga 3-inch - diameterby3-inch - thickNaI(TI)detector,

accompaniedby collectionof soil samples frommostof the fieldmeasurement locationsfor

subsequent laboratorygammaspectral analyses. Betweenmeasurementsites, the gamma

detector was carried --3 ft. above the ground with the attachedpulse height analyzer in the

rate-metermode. At measurement locationswith the detectoralso at .-3 ft. abovethe ground,
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counts in 4 channels were recorded: total counts in the energy region from 0.5 to 3 MeV; and

counts in 3 regions encompassing the 1.46 MeV peak of 40K, the 1.76 MeV peak of 214Bi of the

U decay series, and the 2.62 MeV peak of 208TI of the Th decay series. K, U, and Th

concentrations were calculated from the count rate data using calibration equations derived from

measurements by the GR 410 system over planar sources of known radioelement concentration.

In these calculations it is assumed that members of the U and Th decay series are in secular

equilibrium with their parents. Concentration data were converted into gamma-ray exposure

rates by applying equations determined by Beck and dePlanque (1968) for the exposure rate 3

ft. above the ground from evenlydistributed radioelement sources. By operating the portable

gamma spectrometer in the rate-meter mode while traversing the site on foot, we were able to

determine anomalous areas and to also determine the relative uniformity of locations selected for ......

gamma spectral measurements and accompanying soil sample collection. At most measurement

sites surficial soil was col{ected by scraping away the leaf and pine needle cover, and troweling

the top 2 to 3 cm of rthesoil from several points over a -..20ft. diameter area into a plastic bag.

Concurrently, counts in the aforementioned gamma spectral intervals were accumulated for 4

minutes while the operator walked slowly with the detector over the --20 ft. diameter area. This

procedure provided counting statistics to better than 10% in the consistently least populous of

the intervals, that encompassing the 2.62 MeV peak of 208 TI. Subsequent to the field survey,

follow-up samples were collected in the vicinities of sites $18, $19, $20, and the "boneyard",

and additional sites $50 (in a small ground depression), $51 (under tree cover), and $52 ( in a

nearby open undisturbed setting), were also sampled.

Laboratory Activities:

Laboratory gamma spectral analyses of CEBAF soils were performed at the LBL low background

facility, employing both a NaI(TI) scintillation crystal detector system and a high resolution Ge

semiconductor detector system. Absolute radioelement concentrations were obtained from

gamma spectra through calibrations based on asayed U-ore and Th-ore materials obtained in the

1960s from the New Brunswick laboratory of the (then) USAEC, and on CP-grade KCI.

The laboratory analyses reported here were obtained through use of a low-background

scintillation crystal gamma spectrometer based on an 8-inch diameter by 4-inch thick NaI(TI)

crystal detector. U, Th, and K concentrations were derived from 400-channel spectra which

covered the gamma-ray energy range from 0.04-4.0 MeV, using the three energy intervals

centered at 1.46 MeV for K, 1.76 MeV for U, and 2.62 MeV for Th. Emanation of 222Rn was

determined by a charcoal absorption method: the 222Rn adsorbed onto charcoal in a canister
o

sealed in a container with the emanating soil, was measured by detection of gamma rays emitted

by Rn daughters.

Ali samples were processed alike, as described by the following steps:
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1) Nal detector analysis,in plastic bags as received, in "wet"condition;

2) samplesthen air-dried, spread in thin layer to ensure free222Rn emanation;

3) Nal analysis in standardcontainer,immediatelyafter packingfrom step 2;

4) Samplesthen sealedin containerwith charcoalcanister for measuredtime;

5) Nal analysisof charcoalcanister immediatelyafter step4;

• 6) Ge(Li)analysisof soil instandardcontainer, followinga periodof "free" Rn emanation.

Step3 providesdry-weightvaluesfor total K in %, total Th in ppm, and that fraction of U in

o ppm which does not contributeto Rnemanation. Steps4 and 5 providea measure of Rn

emanation,and also permit calculationof total U inppm. Step6 providesvalues for ali of the

abovequantities, although thevalues for Rn emanation areconsiderably less precise than are

those obtained from the Nal charcoalcanister method._The mainpurpose of the Ge(Li)

high-resolutionspectrometrywas to search for the plesence of any gamma-emitting

radionuclidesbesides the U-series,Th-seriesor K, to establishbaseline levels against which to

evaluatesurveystakenafter the CEBAFacceleratorcomesintooperation.Another purposewas to

determineif members of the U decay serieswere insecularequilibrium. Evaluationof

high-resolutionanalyses are not yet complete,and will be included in a subsequentdetailed

report.

Results

Surface:

The locationsof measurementand samplingsites are ,,.;hownin Fig. 1, and results are listed in

Table 1. Anomalously high exposurerates occur at 2 locations:"driveway" nearsite $6 and the

"boneyard"east of the old acceleratorbuilding. As with manyof the other road surfaces,

"driveway" is paved with crushed granitic rockwhich containsrelativelyhigh concentrationsof

radioelements;a sample of this rock was obtained from a stockpile for laboratorygamma

analysis.The high field measurementvalue at "boneyard"was obtaSnednear an old stockpiled

shielding block. However,laboratorymeasurementof the radioelementconcentwationsin the

correspondingsoil sample shows a value aboutaveragefor the CEBAF site. With the exceptionof

thesetwo highvalues, field measurementsof surface sitesare relativelyuniform, averaging4.8

micro R/h, while laboratory measurementsof correspondingsoil samples(the soils dried, and

the Ucontribution correctedfor Rn emanation)average5.2 micro R/h (Table 1). This ~5

micro R/h averagefor the CEBAFsite is higher than the 2 to 4 micro R/h range of terrestrial

exposur_rates measuredin 1973 ~5 milesnorth of the presentCEBAFsite by the EG&Gaerial

gamma survey (EG&G, 1975). Slightlyelevated radioactivitiesoccur in soils in a relatively

small zone near the south boundaryof the CEBAF site (locations$2, $27, $28, and $29; Fig. 1,

Table 1). The relatively highconcentrationof Th in these samples,especially those with high
6

Th/U ratios ($27 and $28) suggeststhat an abundanceof the mineralmon_zite ( a rareearth -

Th- phosphate- silicate) mightbe responsiblefor their high radioactivities. Monazite in

discreteconcentrations hasbeen notedin the Yorktown Formationin North Carolina (Dryden,
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Table 1. CEBAF Field and Lab, Gamma ExposureRates

Loc.atlon Field exp.R_.te Lab, exp. Rate
(uRIh) (uR/h)

S 1 3.9 5.8
RBM 3 4.9.....

F_M 4 5,1 6.4.

SE Well 4,6 5.1J,

NHVP57 4,8 4,7.......

MGVP83 4,5 5.4Q

S 2 7,5 7,1
LGvP26 5.8 5,9

S 3 4,4 5.8 ,,

S 4 4.2 4.3
4 RBM 2 3.8 4.9........

S 5 4,5 5.4
RBM 1 4.6

$6 4.7 4.7, ,

Driveway 23 2 5
S 7 4,8 5,6....

S 8 3.3 3,1
RBM 5 3.8 4.6
I:_M6 4.2 4.7

S 9 4.5 4.9
S 10 4.5 5.5
S 11 4,9 4.5

[_ s_i2 4.4 4.8,.

.... s 13 4.1 4.9

. S 14 5.1 ....5.3
S 15 4.2 4,7
T 1 5.2 5.4, ,,,

T 2 5,4 6.1
T 3 4.7 4.9,,,

T 4 4.7 5.1
T'5 5 5.3

T 6 ,.,4.7 . 4.4
T 7 4.8 5.3
T 8 4,6 5.6
T 9 4.6 4.2....

S 16 4.6 5,05..... , ,

S 17 4.4 4.9.....

S 18 4.6
S 18-2 4.8
S 18-3 4.6....

S 19 4.6
I S 19-2 .... 4.3

S 19-3 6.6_ ....

S 20 5.2
s 20.2 5.5,,

S 20-3 5.3.....

S-21 5,5 5,7.,,

$22 4,5
S 23 4,5 4.1.........

S 24 4.9
S 25 4.5.....

S 26 5.2
S 27 5.7 8.2
S 28 6,2 8.1.,.

__ S 29 5.3 6,4.,.

$30 5,2.........

S 31 5,1
S 32 4.7 4,4
$50 3.9..

S 51 5,1
S 52 5,7..

"Boneyard" 13.7 5,2

- Mean" 4.8 5.2 --.....

Sld. Dev, 0.8 0,95
Iexcl.boney=rd .......
and drivewa=,J .....
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1958), and in crystalline bedrock of the Piedmont along the James River west of Richmond

(Mertie, 1953), indicating the possibility of concentrations in sediments downstream.

Field and laboratory measurements of radioelement concentrations are summarized in Table 2.

Exposure rates are compared in Fig. 2, showing good agreement between field and laboratory

measurements. The y-intercept of 0.52 micro R/h is attributed to the situation that the ,L

exposure rates measured in the laboratory are for dried samples, while field soil moisture

averaged --10%.

Subsurface:

Excavation of the end station site provided access for sampling of subsurface beds. Results of

laboratory gamma spectral analyses of these samples (ES 1 through 7, Table 3) indicate that,

not surprisingly, radioelement concentrations similar to those measured the surface soil occur

in the uppermost of the subsurface beds. The suite of samples included those from the bottom of

the exposed cut, then sequentially upward and out of the excavation along the haulage ramp. The

samples are briefly described, and their radioelement concentrations listed in Table 3, and

plotted in Figure 3. Primarily Th, but also U and K to some extent, are in substantially higher

concentrations in the upper beds than in the lowermost unit sampled, the Yorktown Formation.

The preponderance of Th in the upper beds suggests that, as with the zone near the south

boundary described above, monazite is principally responsible for their relatively high

radioactivity.

Conclusion

Whether field measurement or sampling sites are under tree cover or on disturbed or

undisturbedopen areas, the terrestrial component of the natural gamma ray exposure rate at the

CEBAF site is relatively uniform, averaging -.5 micro R/h. Exceptionsare roadways paved with

crushed granitic rock where exposure rates are several times those on natural or disturbed soil

surfaces. Radioelement concentrations in the lower portion of the end station excavation, in the

Yorktown Formation, are significantly lower than those in the upper portion of the excavation or

in surficial soils. The average terrestrial gamma exposure rate at CEBAF is higher thal_

exposure rates measured over land areas nortn and west of the slte by aerial radiometric

surveys in the 1970s.
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Table 2: Summary,Radioelementsand ExposureRates

U (ppm) Emanation Th (ppm) K (%) Exp.Rate-
......... (%) ...... (ua/h)

Lab.measurements2.7,s.d.0.6 19,s.d.4.4 7.4,s.d.1.7 0.72,s.d.0.17 S.2,s.d.6.9&

• Field measurements2.1, s.d. 0.5 7.7, s.cl. 1.5 0.6,s.d, 0.2 4.8, s.d. 0.8

Table 3. Radioelements, End Station Excavation

Sample, Description U (ppm) Th (ppm) K (%)

ES1' Dark gray, fine to mediurn-gralned
sandstone 1.88 4.04 0.76

ES2: Reddish, --1 ft. thick iron oxide band 1.85 2.93 0.51

ES3: Buff, fine-to-medium grained sand with
shell fragments 1.93 2.64 0.38

ES4: Buff fine sand w/ thin (<1/8 in.)
horiz, black stringers, .-4 ft.thick 1.22 3.79 1.23

ES5: Dark clay band, ~1.5 ft. thick 3.76 8.85 1.82

ES6: Red-orange mottled and dark brown Fe-
stained silty sand, w/some clay 3.06 8.94 1.25

ES7: Gray-orange mottled sandy clay,
upper layer and surficial soil 3.31 8.78 0.83
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