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This report presents the resuIts of a radiological sui— 

vey of the burial s I te adjacent to the Combustion Eng Ineei— 

Ing (C-E) plant In HematIte, Missouri, performed by Rad Ia- 

11 on Management Corporation (RMC) In the spring and summer 

of 1 982. Measurements were made to determ Ine external radi­

ation I eve Is, surface and subsurface rad IonucI Ide concentra­

tions and rad IoactIvIty In a Ir and water. ResuIts show 

uran I urn concentratIons In burial pIts as high as 38 and 21 

pCI/g for U-238 and U-235 respect IveIy. ResuIts a I so show 

uranI urn concentratIons In surface soils as high as 4.7 and 

1.1 pCI/g for U-238 and U-235 respect IveIy. Based on an es­

timated U-234/U-238 act IvIty ratio of about 10 to 1, the 

highest U-234 act IvIty In the burial pIts Is estlmated to be 

approx I mate Iy 400 pCI/g, and In surface soils approximate Iy 

47 pCI/g. Rad I urn and thorI urn concentratIons dId not exceed 

background I eve Is. Rad IoactIvIty In water which exceeded 

ERA drinking water standards was found In two onsite moni­

tor I ng we I Is.
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INTRODUCTION

Radiation Management Corporation, under contract to the 

U. S. Nuclear ReguIatory Commission (NRC), performed a ra­

diological evaluation of the burial site adjacent to the 

Combustion Engineering plant in Hemat(te, Missouri. An Ini­

tial site visit occurred In March 1982, and the detaiIed ra­

diological evaIuation was performed In the spring and summer 

of 1982.

The purpose of this survey was to clearly define the 

radiological cond11ions at the burial slte and to determ Ine 

If rad IoactIve material is moving from the burial pIts into 

the surround t ng envIronment.

The methods used to evaIuate this sIte included the 

foI lowing:

1) Measurement of externa I exposure rates at one 

meter above the ground surface and beta-gamma 

count rates at one cm. above the ground surface;

2) Measurement of radionucI Ide concentrations In 

surface soil and vegetation;

3) Measurement of rad IonucI Ide concentratlons In



subsurface deposits;

4) Measurement of gross alpha and beta activIty 

fn surface and subsurface water samples;

5) Measurement of a Irborne radioactivity.

Measurements were performed onsite using an 

designed mobile laboratory facility. Analyses which 

not be performed onsite were sent to the RMC ana Iy11ca 

boratory In Philadelphia, PennsyI van I a.

RMC

COU I d

i la-



SITE CHARACTERISTICS

The project site (Fig. 1) I s Iocated adjacent to the 

Combustion Eng IneerIng plant In Hematite, Jefferson County, 

MIssourI. The sIte Is approx I mate Iy 35 miles south of 

St. Louis I n a rural area I so Iated from Iarge res I dent I a I 

and/or commercI a I deveIopments. The plant proper Is a re­

stricted area, and comp IeteIy fenced In. The burial slte Is 

Iocated ImmedI ate Iy to the east of the fence I Ine and ex­

tends to a wooded area at the sIte boundary (Fig. 2). The 

actlve sIte I s bounded by Route 21 A on the north, raI I road 

tracks to the south, and wooded areas on both sIdes. There 

Is no method of controMing access to any areas other than 

the plant.

During lts I IfetIme, the plant has had four d l fferent 

operators. The Initial operatIons began I n 1 956, under MaI - 

I Inckrodt Chemical. I n 1961, UnI ted Nuclear took controI; 

I n 1 970, UnI ted NucI ear and Gulf ran the facI I Ity In a Joint 

venture; and I n 1 974, Combust I on EnglneerIng assumed 

responsIblI Ity. Burials were made I n the I ate 501s and 

early 60's under the dIrectI on of both MaI I Inckrodt and 

UnI ted Nuclear, I n accordance wIth alI appI I cab Ie NRC (AEC) 

reguI at Ions.

Plant operatIons InvoIve process Ing and treatIng varI­
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ous uranium compounds. AI I manner of uranium mater t a Is, 

ranging from depIeted to highly enriched uranI urn, have been 

used at this site. While any of these may have been burled,

11 Is more likely that depIeted uranI urn was dIsposed of 

rather than enrIched, due to the commercI a I value of the en­

riched mater I a I. Records Indicate that an estlmated 27 kil­

ograms of U-235 (60 mCI) have been dIsposed of. Because 

a I I materials were assayed for U-235 on Iy (by scannIng wIth 

a sclntI I Iator set to count the 186 keV gamma peak), no es­

timate of totaI U-238 and U-234 content has been made. 

Add 111ona My, some work on thorI urn fuel was performed, so 

there exists the possIbI I Ity that small quantities of thori­

um have been burled. No other radio!sotopes have been used 

or dIsposed of at thIs site.

The nature of the burled mater I a I I s descr I bed as being 

prI mar I Iy contamInated combust IbIes and small p I eces of 

eq uIpment. Apparent Iy, the bulk of burled mater I a I cons Ist­

ed of paper, plastic and wood I terns. Some metaI l terns, such 

as pipes and buckets, have been burled, a I though no major 

metaI I Ic objects, except possibly a pickup truck, were 

dIsposed of.

These mater I a Is were burled In 40 pits, each approxi­

mately 20 feet by 40 feet by 12 feet deep. The Individual 

pIts were not marked or otherwlse I dent!f led, a I though some



can be Ioca+ed by ground sett ling. Each Is covered by 2 to 

5 feet of fill dirt. The pits were not lined or prepared fn 

any way, nor were they capped wIth spec I a I materials. The 

soil is silty cI ay to a depth of approx I mate Iy 30 feet, then 

gravel for about 10 feet to rock. Ground water ranges from 

depths of a few feet to 20 feet, depending on the season. 

Ground water fIow Is general Iy from the north to the south, 

possIbIy Into Joachim Creek, which Is about one-ha If mile 

from the site. The burial ground Is an open grassy area 

with some apparent water runoff.

5



III. RADIOLOGICAL SURVEY METHODS

A) Measurement of External Radiation Levels

The burial site was gridded and surveyed for both gamma 

radiation levels at one meter above the ground surface and 

beta-gamma count rates at the ground surface.

Initial ! y, precise exposure rate measurements at 

seIected grid pot nts were made with a high sensitivity Tis­

sue Equivalent Ionization Chamber System, described In Ap­

pendix I. NaI(TI) scln11 I I ation detector measurements were 

a I so made at these points, and a convers I on factor for the 

NaI(TI) count rate versus uR/hr was estabI I shed. Once thIs 

factor was confIrmed, the sc inti I latlon detector was used 

for at i grid point measurements.

At each grid poInt, an end window G-M tube was used for 

surface measurements. Open and closed window readings were 

made at 1 cm and the rat Io of the two used to Indicate the 

presence or absence of surface contamInation.

B) Measurement of Surface Radioact1vity

Based on externa I measurements, surface sol I samp 1es 

were coIiected from IocatIons where surface deposits were



IndIcated, as well as locations where draInage character Is- 

11cs IndIcated the possibility that rad IoactIve materials 

may have been transported from their original burial Ioca- 

11ons. The samp Ies were dried and sealed In 500 mI aluminum 

cans for counting on the intr1 nsic german I urn (IG) gamma ray 

spectroscopy system descrI bed In Appendix I.

Sediment samples from Joachim Creek and the smaI I creek 

east of the sIte were also coI Iected and analyzed using the 

same method.

Onsite vegetatI on samp Ies cons Isted of grasses which 

were Iocated in areas where draInage and wind characteris- 

tics Indicated the possibility that rad Ioactive mater I a Is 

may have been transported from the original IocatIons and 

deposI ted onto or taken up by vegetat!on.

C) Measurement of Subsurface Rad IoactIvity

A series of ho Ies through and bordering the burial sIte 

were dr I I led and I Ined with four-Inch PVC casing. Each ho I e 

was logged at one-foot Intervals using a one-Inch by 

one-Inch NalCTI) scintiI I ation detector and sea Ier system. 

These preI Iminary measurements were used to IndI cate the Io- 

catIons and approx I mate magnItude of subsurface contamina­

tion. SeIected ho Ies were then Iogged using a specially
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designed IG detector coup Ied to a mu 11i-channei analyzer 

system (see Appendix I). So I I layers wIth gamma count rates 

exceed Ing background rates, as measured wIth the NaI(TI) de­

tector, were Iogged at one-foot Increments using the IG de­

tector . Layers which d I d not exceed background were Iogged 

at two-foot I ncrements.

D) Measurement of Rad IoactIvIty In Water

Whenever possIbIe, water samples were taken from bore­

holes. Four permanent water monI tor Ing wells were dr I I led 

to provIde access to ground water fIow th rough the burial 

site. These wells were Iocated at points which I ntercept 

the ground water fIow through the pIt areas. Periodic sam­

ples were taken from these wells to measure any possIbIe 

change In ground water rad IonucI Ide content. Samples were 

a I so taken from the two creeks near the burial area.

Water samp Ies were fI Itered to remove suspended part I- 

cuIates, then 100 mI a I Iquots were evaporated In pIanchetts 

and counted for gross alpha and beta act IvIty. AM samp Ies 

which showed gross act Iv111es greater then ERA drinking 

water standards were sealed In Mar IneI I I beakers and counted 

using the gamma spectroscopIc analysis system.

E) Measurement of A Irborne Rad IoactIvity



High volume a Ir part IcuI ate samples were taken to meas­

ure Iong lived act Iv111es. These samp Ies were counted for 

gross alpha and beta actlvIty using a I ow background gas 

fIow proport IonaI counter wIth methods descr I bed In Appendix

I .

F) Measurement of Rad IoactIvIty in VegetatI on

Samples of vegetatI on were co1 Iected, dried, crushed 

and counted for gamma act Ivlty. These samp Ies consisted 

only of grass, weeds and other common, non-edIbIe vegeta­

tion.

EnvIronmentaI samp IIng and measurements were performed 

to document the background radiological characterIstIcs of 

offsite areas surround Ing the CE plant. A summary of these 

measurements and analysis resuIts Is shown In Table 9.
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IV. RADIOLOGICAL SURVEY RLSilLIE

A) Externa I Radiation Levels

Results of the external radiation surveys are listed in 

Table 1 and shown in Fig. 3. As can be seen, the on Iy de~ 

tectabIe levels above norma I background were found In the 

northwest corner of the burial site, adjacent to the facI Ii- 

ty security fence. It was read I Iy determined that these 

elevated levels (>20 uR/hr) were due to sources onsite, 

rather than buried material, because containers of UF6 are 

routinely stored near the desIgnated fence line in the secu- 

rity area. The survey resuIts show that levels Increase as 

one approaches these containers, conflrmIng that the source 

is primar I Iy the UF6 contaIners, rather than material in the 

burial site. The beta-gam-.a count rates ver I f y the absence 

of measurabIe surface contamInation.

The negatIve findings are not unexpected since It is 

known that only small quantities of U-235, U-234 and U-238 

have been dIsposed of. The absence of detectabIe exposure 

levels IndI cates that I IttIe or no thorium wastes are 

present near the ground surface.

B) Surface SoiI Analyses



A totaI of 11 surface sol I samples were gathered from 

the burial site. In addition, fIve stream sediment samples 

were taken, two from the smaI I creek border Ing the burial 

sIte on the east, and three from Joachlm Creek. All samp Ies 

were dried, sealed and counted on the gamma spectroscopy 

system. Samp Ies were ana Iyzed for gamma spectra from U-238, 

U-235, K-40 and radium daughters.

The IocatIons of the surface sol I samp Ies are shown In 

Fig. 4 and the ana IytIcaI resuIts In Table 2. Rad IonucI Ide 

concentratIons In a I I creek sedIment samp Ies were Indistin­

guishable from norma I background concentratIons, and were 

often within the Iower I Im I ts of detect I on of the countlng 

system used.

Several samp Ies from the burial sIte surface showed 

measurabIe uranium actlv111es, ranging from 1.7 to 4.9 pCI/g 

for U-238 and 0.6 to 1.1 pCI/g for U-235. U-234 activities 

were estI mated to range from 2 to 47 pCI/g. In each case 

but one, a posItIve U-238 finding corresponded to a posItIve 

U-235 value (and an estI mated pos111ve U-234 value). For 

a I I samples, the radlurn daughter and K-40 act Iv111es were 

relatively constant. AI though the uranI urn act Iv111es are 

si IghtIy above background In some cases, they do not exceed 

NRC target criteria for contamlnants In soil. (NRC target 

criteria for concentration limits and measurement lower !!m-



Its of detect Ion are summarized In Table 10.)

The source of th I s apparent Iow level surface contam I - 

nation Is not clear. While 1t Is possIbIe that the contamI- 

nation Is a resu11 of burial act Iv111es, 11 Is also possIbIe 

that 11 resuI ted f rom past effluent (I.e. stack) re I eases.

In either case, these surface act Iv111es seem to be a resu11 

of fad I Ity operatIons rather than unusual I y high naturaI Iy 

occurrIng radlonucI Ides because no correspondlng uranI urn 

daughter act Iv111es can be found,

C. Subsurface Soil Analysis

Subsurface contamInation was assessed by extensIve log­

ging of ho Ies dr I I led through and around the burial site, 

using both a one-Inch by one-lnch Nal(TI) detector and an 

IntrI ns Ic german I urn (IG) detector. A totaI of 14 ho Ies were 

drilled on the site, 10 of which were lined wIth 4 Inch PVC 

casIng for logging. The other 4 were lined wIth 2 Inch 

sIotted casing, for use as water samp IIng we!Is. Fig. 5 

shows the IocatI on of a I I ho Ies dr II led at the site. For 

three of these (holes 5, 7 and 11), cores were taken during 

drilling act Iv111es. Each core was dried and counted In a 

manner Identical to the surface sol I procedure. In addi­

tion, four core samples were sent to the RMC Analytical La­

boratories for d u pIlcate gamma spectra I analysis and u r a nI urn



determinations using alpha spectroscopy

Each borehoIe was Iogged wIth the NaI(Tj) detector to 

Identify areas of Increased gross act IvIty, then wIth the IG 

detector at seIected locations, to quant Ify and qua I I fy 

these I ncreases. Each IG measurement was desIgned to deter­

mine the concentrations of U-238, U-235, Th-232 by Its 

daughter Pb-212, and Ra-226 by Its daughter Pb-214.

The resuits of the onsite core sample ana Iyses are 

presented In Table 3. I n general, concentratIons are con­

sistent wIth norma I background I eve Is, and are we I I within 

a I I target crlter I a. However, severaI samp Ies from bore 

hole 7 showed sI IghtIy eIevated U-235 and U-238 act Iv111es, 

wIthout a correspond Ing Increase In rad I urn daughters. Indi­

cating the presence of fad I Ity waste mater I a I.

Table 4 contaIn s the bore ho Ie logging resuIts. 

EIevated gross count rates, as detected by the NaI(TI) de­

tector, are present In borehoIes 1 and 6, while l ncreased 

U-235 and/or U-238 concentratIons, as measured by the IG de­

tector, are found In borehoIes 6, 7 and 13 (boreholes 1 

and 14 were not logged wIth the IG).

The Isotopes shown In Table 4 were I dent I fled by 

measurIng the following photopeaks: 93 keV for U-238, 186

13



keV for U-235 (corrected for estimated Ra-226 contribution), 

239 keV for Pb-212 and 352 keV for Pb-214. Plots of spec­

tral data for borehoie 4, 2 foot depth, and borehoIe 6, 4 

foot depth, are shown in Figs. 6 and 7 respectiveIy, and de­

monstrate the ease wIth which these photopeaks can be iden­

tified, even at relatively Iow concentrations.

The highest concentratIons were measured in borehoIe 

6, where levels as high as 21 pCi/g U-235 and 38 pCi/g U-238 

were recorded. U-234 concentrations were estI mated to be as 

high as 400 pCi/g. Concentrations in boreholes 7 and 13 

did not exceed 1 pCI/g U-235 and 14 pCI/g U-238. AlI Iev- 

els, except the 38 pCi/g U-238 concentration, are within the 

NRC target crI teria shown in Table 10. There were no 

elevated concentrations in the perimeter boreholes in the 

genera I dIrection of ground water fIow (borehoIes 8 and 

11), nor were there eIevated levels In other boreholes 

onsite which are be Iieved to have been dr i I led directIy 

through burial pits.

A set of core samples was sent to the RMC Analytical 

Laboratories for analysis and compared with onsite measure­

ments. ResuIts are presented in Table 5 and show general 

agreement except for the U-238 values. For thIs nucIide, 

the _I_n situ measurements gave cons I stent I y higher va I ues 

than core sample analysis. The cause of this apparent sys­



tematIc error has no+ been determined* and U-238 results for 

borehoIe measurements have not been reported, except in the 

case where gross NaI(TI) counts are above background or 

where positive U-235 results are reported. AlI U-234 deter­

minations were done at the RMC Analytical LaboratorIes using 

alpha spectroscopy sI nee th i s n ucI Ide couId not be detected 

using field measurement technIques. Ratios of U-234/U-238 

and U-235/U-238 by weight were found to have sImI Iar enrich­

ment (or depletion) factors. These factors were used to es­

timate U-234 concentrations In surface and subsurface soils. 

Uranium isotopic determ InatIons by alpha spectroscopy are 

shown in Table 5. Based on all the data, the average en­

richment Is estimated to be about 4$, Using this enrichment 

factor, an act Ivity ratio for U-234 to U-238 of 10 Is as­

sumed .

D) Analyses of Rad IoactIvIty In Water

A totaI of 22 water samples were coiIected (Fig. 8), 11 

from the water monI tor Ing wells f nstaI Ied for thIs project 

(borehoIes 2, 3, 9 and 12), 3 from other borehoIes onsite, 

2 from stand Ing water and 6 from creek water.

A 100 mI a It q uot from each samp Ie was filtered, evapo­

rated on a pIanchett and counted 100 minutes for gross alpha 

and beta activities. Resuits are Ilsted In Table 6, On Iy



one sample, taken from borehoIe 1, showed gross alpha ac­

tivity exceed Ing the ERA Interim primary drinking water 

limit for drinking water (15 pCI/I gross alpha). ThIs sam­

ple was further analyzed for IsotopIc content, and found to 

contain elevated (I.e. above background level) U-238 and 

Th-232 concentratIons as shown In Table 7.

Gross beta act IvIty exceed Ing 50 pCI/I was found In 

five dIfferent samples, three of which came from borehoIe 

9, which was Iocated approx I mate Iy 200 feet east of Combus­

tion Eng IneerIng's sett ling ponds. The other two a I so came 

f rom onsite samp I Ing IocatIons. F urther analysis of these 

samples I ndI cates that the high gross beta levels are due In 

part to K-40. These samples a I so show eIevated U-238, U-235 

and Th-232 concentrations.

E) A Irborne Rad Ioactlvlty Measurements

A set of high voIume a Ir samples was coI I ected I n the 

vicinity of the burial site. The resuIts are I Isted In 

Table 8, and show no unusual or eIevated I eve Is. These 

resuIts are expected, because 11 I s known that the burled 

mater I a I Is not IlkeIy to be a source of a Irborne emissions, 

due to the absence of daughter act IvIty which couId produce 

gaseous emanatIons (radon).



F) Rad!oactIvIty In VegetatI on

Several vegetat1 on samples, from onsite and 

IocatIons, were analyzed on the gamma spectroscopy

offsite

system.

No unusual act IvIty was found In any samp Ie.



V CONCLUSIONS

The results of this survey confirm that smaii quanti­

ties of uraniurn have been buried in the pits adjacent to the 

Combustion Engineering plant In Hematite, Missouri, 

Analysis of borehole activity and soiI samples taken from 

the burial pits showed si I ghtIy eIevated levels of U-235 

and/or U-238 I n some measurements, and only naturaI Iy occui— 

ring background activity in ail others. The highest level 

measured during this survey was 38 pCi/g of U-238, which was 

the only measurement that exceeded the target criteria of 30 

pCi/g U-238 or U-235. It can be assumed that eIevated U-234 

concentrations are also present, prehaps as high as 400 

pCi/g. These measurements tend to confirm that general Iy 

only I ow level contarninated materials and equipment were 

dIsposed of In these pits.

These survey resuIts also Indicate the difficulty In 

trying to determ Ine specif i c !ocatIons of buried contamina­

tion. This mater I a I cannot be Iocated through past records 

because spec IfIc burial records were apparent Iy not main­

tained, nor were individual burial pIts marked or otherwise 

Identified. In addition, the absence of uranium daughters 

(radium and daughters) makes it essential Iy impossible to 

Iocate low level contam t nated burled material with surface 

measurement techniques.



The overa 1 I conclusions are that relatively small quan­

tities of uranium have been buried and that the buried ma­

terial is essential Iy stabie at thIs time. The 

have 1 Itt1e or no effect on the popu1 ation or 

Ing environment.

burial pits 

the surround-
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External exposure rates in pR/hr, Combustion Engineering Facility burial site.



Highway 21-A

Admin.

Fenced
Security
Area

13&14

oA oB oC oD oE oF oG oH ol oJ oK oL oH oN oO oP oQ oR oS oT

50 meters
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the creek on the east border of the burial site. Samples 15, 16 and 17 
are sediments from Joachim Creek.
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Table 1

Gamma radiation levels and beta-gamma 
count rates at grid locations

Nal Exposure Beta-Gamma Count Beta-Gamma Count
Grid Count Rate Rate Rate, closed window Rate, open wIndow

LocatI on (c/m!n) (uR/hr) (c/mln) (c/mlin)

GOOK 1700 9 40 70
GOOL 1700 9 50 50
GOOM 1800 10 50 40
GOON 1600 9 50 40
6000 1700 9 30 40
GOOP 1900 10 50 40
GQOQ 1700 9 30 50
HOOK 1700 9 30 40
HOOL 1700 9 40 50
HOOM 1700 9 40 20
HOON 1700 9 30 40
HOOO 1800 10 30 30
HOOP 1700 9 60 40
HOOQ 1500 8 30 40
I00K 1700 9 50 50
I00L 1700 9 40 60
iOGM 1800 10 30 50
ICON 1700 9 70 50
1000 1600 9 50 40
IOOP 1800 10 40 50
IOOQ 1600 9 40 40
JOOK 1500 8 50 50
JOOL 1800 10 40 50
JOOM 1700 9 70 60
JOON 1800 10 60 60
JOOO 1700 9 70 60
JOOP 1800 10 60 40
JOOQ 1600 9 60 40
KOOK 1700 9 40 40
KOOL 1600 9 30 60
KOOM 1700 9 50 60
KOON 1900 10 70 60
KOOO 1800 10 40 50
KOOP 1800 10 50 50
KOOQ 1900 10 50 70
LOOK 1700 9 70 50
LOOL 1900 10 40 60
LOOM 1800 10 60 60
LOON 1900 10 50 50
LOGO 1800 10 60 50
LOOP 1900 10 40 60
MOOK 1700 9 50 70
MOOL 2000 11 60 80
MOOM 2100 12 30 60
MOON 2000 11 50 60
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Table 1, cont.

Nal Exposure Beta-Gamma Count Beta-Gamma
Grid Count Rate Rate Rate, closed window Rate, open

Location (c/mln) (uR/hr) (c/mIn) (c/m I

M000 2000 11 40 60
M.00P 1800 10 40 80
NOOK 1800 10 80 100
N00L 2300 13 70 90
NOOM 2100 12 60 110
NOON 2100 12 40 60
NOOO 1800 10 70 60
NOOP 1500 8 50 70
OOOK 2100 12 90 70
000L 2400 14 70 80
OOOM 2300 13 60 70
000N 2500 14 70 110
0000 1800 10 70 70
POOK 2000 11 40 60
POOL 3200 17 80 100
POOM 2700 14 90 100
POON 2800 15 80 100
POOO 2200 12 70 70
QOOK 4100 22 50 60
POOL 5000 26 60 90
QOOM 3800 20 60 100
QOON 3000 15 50 80
pooo 2600 13 80 50
ROOK 4500 23 100 140
ROOL 11000 56 140 130
ROOM 5000 26 110 80
ROON 3500 18 60 50
ROOD 2600 13 40 70
SOOK 50000 256 360 320
SOOL 13000 67 110 90
SOOM 6000 31 100 140
SOON 3800 20 90 110
SOOO 2800 14 80 80
TOOK 45000 231 530 490
TOOL 12000 62 120 150
TOOM 5000 26 100 110
TOON 3700 IS 80 90
TOOO 2700 14 90 100
UOOK 17000 87 80 100
UOOL 8000 41 90 90
DOOM 4000 21 80 60
UOON 3500 18 70 60
UOOO 2500 13 90 110
UOOK 5000 26 130 110
UOOL 3500 18 70 80
UOOM 3500 18 60 80
UOON 3000 15 80 100
UOOO 2300 12 90 70

Count
window
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Table 2

Sample
#

Surface sol 1

Samp 1e 
Location

sampl

Mass
(g)

le radlonuclIde

U-238

concentrations {pCI/g +/- % counting error) by gamma analysis

U-235 Ac-228 Pb-212 Pb-214 Bl-214 K-40

1 B50L 210 1.4E0+/-11 0 7.5E-2+/-200 7.7E-1+/-67 3.4E-1+/-49 8.2E-T+/-44 2.2E-1+/-110 6.3E0+/-42
2 B50L 299 1.2E0+/-110 2.7E-2+/-380 7.5E-1+/-63 5.9E-1+/-30 9.7E-1+/-35 5.9E-1+/-46 8.5E0+/-34
3 L55P 315 3.1E-1t/-330 8.6E-2+/-130 4.9E-1+/-90 6.0E-1+/-29 8.9E-1+/-36 5.9E-1+/-44 1.2E1+/-28
4 OOOM 224 3.1E0+/-60 6.8E-1+/-89 6.4E-1+/-80 6.6E-1+/-30 8.1E-1+/-44 4.5E-1+/-74 1.2E1+/-27
5 0000 267 1.7E0+/-85 5.6E-1+/-71 3.0E-1+/-110 6.3E-1+/-26 8.EE-1+/-39 4.4E-1+/-53 6.5E0+/-35
6 K310 224 4.9E0+/-39 1.1E0+/-71 5.7E-1+/-81 3.7E-1+/-47 8.5E-1+/-41 4.4E-1+/-59 9.0E0+/-32
7 TOOO 176 3.0E0+/-72 9.4E-1+/-11 0 7.9E-1+/-75 7.8E-1+/-29 1.1E0+/-44 3.1E-1+/-99 6.5E0+/-45
8 L50Q 266 3.8E-1+/-330 1.0E-1+/-110 5.7E-1+/-73 4.9E-1+/-33 9.4E-1+/-35 6.2E-1+/-42 5.5E0+/-42
9 L50Q 228 7.1E-1+/-210 8.5E-2+/-150 5.2E-1+/-90 4.8E-1+/-37 1.2E0+/-32 6.0E-1+/-47 1.0E1+/-30

10 H55R 319 7.8E-1+/-170 6.72-2+/-170 3.5E-1+/-12Q 6.7E-1+/-27 1.2E0+/-29 4.4E-1+/-57 1.1E1+/-28
11 TOOM 148 3.3E0+/-78 6.7E-1+/-97 6.2E-1+/-100 4.7E-1+/-51 5.7E-1+/-79 9.3E-1+/-45 9.9E0+/-38
12 Offsite Bkg 174 3.6E-1+/-460 1.5E-1+/-130 1.1E-1+/-330 2.4E-1+/-70 8.5E-1+/-48 4.9E-1+/-65 8.7E0+/-37
13 Sma11 creek 

upstream
303 3.2E-1+/-370 7.7E-3+/-1200 8.0E-1+/-61 4.3E-1+/-37 5.6E-1+/-51 4.7E-1+/-55 4.1E0+/-58

14 Sma11 creek 
downstream

320 4.0E-1+/-280 4.3E-3+/-2000 6.1E-1+/-71 1.9E-1+/-66 4.7E-1+/-57 2.9E-1+/-73 1.4E0+/-130

15 Joachim Creek 
upstream

256 2.4E-1+/-480 3.9E-2+/-250 2.3E-1+/-150 9.9E-2+/-130 2.9E-1+/-90 7.6E-2+/-250 2.6E0+/-72

16 Joachim Creek 
downstream

234 3.0E-2+/-3800 3.1E-2+/-320 1.2E-1+/-280 2.4E-1+/-66 4.2E-1+/-66 1.9E-1+/-110 5.3E0+/-41

17 Joachim Creek 
midstream

272 4.2E-1+/-290 6.2E-3+/-14C0 1.5E-1+/-220 2.7E-1+/-49 5.9E-1+/-84 2.3E-1+/-84 1.6E0+/-90



Table 3

Soil core sample radfonuclIde concentrations 
(pCI/g +/- % counting error), by gamma analysis

Borehole #5

Depth
(ft)

Mass
(g)

U-238 U-235 Ac-228 Pb-212 Pb-214 Bl-214 K-40

0 217 7.7E-1+/-200* 1.2E-1+/-120? 1.9E-1+/-220* 5.6E-1+/-36$ 1.0E0+/-39$ 7.0E-1+7-4255 9.9E0+/-31$
1 277 9.9E-1+/-130$ 4.1E-2+/-220J 6.1E-1+/-75$ 5.0E-1+/-32% 9.7E-1+/-33^ 6.3E-1+7-4655 1,1E1+/-26$
2 326 1.1E0+/-110$ 4.6E-2+/-210? 8.4E-1 +/-56/? 7.0E-1+/-255J 7.1E-1 +/-425? 6.3E-1+7-4055 1.1 El+/-28$
3 229 4.1E-1+/-360* 2.4E-2+/-430$ 8.2E-1+/-62$ 4.8E-1+/-38$ 1.1E0+/-35? 6.7 E-1+7-4555 8.6E0+/-34$
4 232 6.3E-1 +/-2005& -2.2E-2+/-5005S 4.2E-1 +/-110j£ 5.0E-1+/-37$ 1.4E0+/-29* 7.4E-1+/-4155 8.5E0+/-34$
5 248 5.6E-1+/-260* -2,6 E-3+/-3800^ 5.7E-1+/-7 956 6.4E-1+/-28$ 1.1E6+/-33/S 8.5E-1+7 -3455 1,2E1+7-26$
6 284 9.7E-1+/-150? 5.2E-2+/~220% 1.5E0+/-42$ 8.0E-1+/-21% 9.8E-1+/-375K 8.0E-1+7-3955 1.3E1+/-27$
7 247 9.2E-1+/-160$ 1,2E-2+/”680/S 1•1E0+/-46$ 5.8E-1+/-31$ 9.5E-1+/-375K 5.3E-1+7-4755 1.1 El+7-27$
8 262 4.8E-1+/-260$ 3.9E-2+/-260? 5.9E-1+/-74$ 6.2E-1+/-28$ 1.1E0+/-32$ 8.3E-1+/-34$ 8.5E0+/-31$
9 256 8.8E-1+/~150% 3.1E-2+/-320$ 6.0E-1+/-745J 5.9E1+/-30$ 1.3E0+/-29? 8.4E-1+7-3 555 1,0E1+7-28$

10 218 1.8E0+/-98? 3,5E-2+/-280yJ 6.5E-1+/-79$ 8.6E-1+/-26SS 9.2E-1+7-4355 8.1E-1+7-40$ 1,2E1+7-29$
11 232 1.3E0+/-130? 6.0E-2+/-180$ 7,2E-1+/-72$ 8.8E-1+/-24? 1.1EO+/-3555 5.9E-1+/-41% 8.5E0+/-33$
12 251 3.3E-1+/-430$ 1.2E-1+/-1005t 7.0E-1+/-65$ 4.4E-1+/-365& 9.9E-1+/-35$ 5.5E-1 +/-5055 1,0E1+7-28$
13 209 1.6E0+/-110% 6.0E-2+/-210/K 9.6E-1+/-375G 5.3E-1+/-24$ 2.1E0+/-2455 1,2E0+/-31$ 1.1 El+7-29$

Borehole #7

Depth Mass U-238 U-235 Ac-228 Pb-212 Pb-214 Bl-214 K-40
(ft) (g)

0 216 1.1E0+/-160$ 2.6E-1+/-1A% 1.4E-1+/~290$ 5.3E-1+/-36$ -5.3E-1+/-33$ 6.3E-1+7-49$ 9.7E0+/-33$
1 252 1.3E0+/-110% 9.4E-1+/-130$ 6.6E-1+/-71? 8.3E-1+/-23? 1.2E0+7-30/5 5.2E-1+7-50$ 6.9E0+/-36$
2 199 2.4E0+/-78i 8.4E-2+/-170* 8.9E-1+/-675? 9.1E-1+/-25SJ 1.2E0+/-375& 5.9E-1+7-53$ 9.2E0+/-35$
3 236 2.1E0+/-77i 2.6E-1+/-74$ 6.6E-1+/-77$ 4.4E-1+/-41$ 9.2E-1+7-38/5 7.8E-1+/-38$ 1.2E1+7-27$
4 222 1.4E0+/-120? 3.1E-1+/-76^ 3.4E-1+/-140y? 5.8E-1+/-33$ 1,0E0+/-37$ 5.3E-1+7-50$ 1.1 El+7-30$
8 219 3.0E0+/-61$ 1.4E0+/-64/K 7.0E-1+/-76^ 8.1E-1+/-43>I> 8.7E-1+7-4355 6.7E-1+7-45$ 1,3E1+/-26$
9 249 1.1E0+/-120? 4.0E-1+/-66% 9.0E-1+/~56$ 6.0E-1+/-29^ 9.2E-1+7-3755 6.2E-1+7-43$ 9.3E0+/-30$

10 225 1.5E0+/-120? 7.5E-1+/-67$ 6.3E-1+/-79| 5.9E-1+/-31? 9.9E-1+7-38^ 5.5E-1+7-50$ 1.2E1+7-28$
11 211 1.4E0+/-120* 9.8E-2+/-130$ 5.6E-1+/-91? 6.4E-1+/-32? 1.2EO+/-4455 7.IE-1+/-44$ 9.5E0+/-32$
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Table 4

Borehole Nal counts and IG analysis (pCI/g +/- countlng error)

Borehole #1

Gross Nal
Depth Counts/MIn U-235 U-238 Pb-212 Pb-214

0 3.47E3+/-2*
2 3.24E3+/-2$
4 3.24E3t/-2/£
6 4.92E3+/-2/6
7 1.15E4+/-2%
8 3.61E3+/-2*

10 3.03E3+/-2$
12 3.25E3+/-2?
14 3.34E3t/-2?
16 3.08E3+/-2?
18 3.29E3+/~2$

Borehole #4

Gross Nal
Depth Counts/MIn U-235 U-238 Pb-212 Pb-214

0 2.5E3+/-25? 1.0E-1+/-455J 3.5E-1+/-17$ 5.3E-1 t/-21/K
2 3.1 E3+/-2% 1,8E-2+/-29$ — 5.6E-1t/-12$ 4.8E-1+/-17^
4 3.3E3+/-2? 4.5E-3+/-440? _—_— 6.1E-1+/-11$ 6.0E-1+/-12?
6 3.5E3+/-2$ 9.8E-3+/-497? — 6.1 E-1+/-11$ 6.9E-1+/-10$
8 3.3E3+/-2? 1.1E-1+/-425& 3.1 E-1+/-18$ 8.6E-I+/-8?

10 3.3E3+/-2? 1.0E-1+/-43S? — 6.1E-1+/-12/f 1.1E0+/-7?
12 3.2E3+/-2$ 5.9E-2+/-373? ------ ----------- 6.5E-1+/-10^ 8.6E-1+/-11$
14 3.1E3+/-2* 3.0E-2+/-60C# -----------—— 7.7E-1+/-8/S 7.4E-1+/-16^
16 3.2E3t/-2$ 7.8E-2+/-112$ —------------- — 6.8E-1+/-10/S 1.1E0+/-8?
18 3.1E3+/-25? 5.8E-2+/-81/K :------------------ 8.1 E-1+/-8$ 7.4E-1+/-10?
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contTable 4, cont.

Borehole #10

Gross Nal
Depth Counts/MIn U-235

0 2.3E3+/-2? 1.7E-1+/-18$
2 3.1 E5+/-2% 2.6E-2+/-140$
4 3.2E3+/-2$ 3.9E-2+/-115$
6 3.4E3+/~2$ 5.8E-2+/-955$
8 3.4E3+/-2I 1.2E-1+/-34$

10 3.3E3+/-2$ 6.8E-2+/-900$
12 3.4E3+/-2? 4.0E-2+/-538^
14 3.2E3t/-2$ 1.4E-2+/~26$
16 3.2E3t/-2$ 4.9E-2+/-101/6
18 3.1E3+/-2/6 1.9E-1+/-25?

CO
■--j

Borehole #11

Depth
Gross Nal 
Counts/Mln U-235

0 2.3E3t/-2>6 1.0E-1+/-45?
2 2.9E3+/-2/6 1.2E-1+/-40$
4 3.1E3+/-2/6 5.3E-2+/-423/6
6 3.4E3t/-2/6 4.9E-3t/-97056
8 3.3E3t/-2? 1 .2E-3+/-370056

10 3.3E3+/-2J6 4.5E-2+/-190/6
12 3,2E5+/-2% 8.6E-3+/-530?
14 3.0E3t/-2/6 9.3E-2t/-50S6
16 3.0E3t/-2? 1.1 E-11/-31/6
18 3.0E3t/-256 2.4E-2+/-173/6

Pb-212

3.3E-1+/-22*
6.9E-l+/-9$
4.4E-1+/-14$
5.4E-1+/-14?
6.8E-1+/-10$
4.9E-1+/-15/£
6.0E-1+/-11$
5.6E-1+/-14^
3.7E-1+/-205J
4.3E-1+/-15?

Pb-212

3.8E-1+/-16$
7.6E-1+/-9$
2.6E-1+/-24$
5.9E-1+/-12?
5.0E-1+/-1\%
5.8E-1+/-12*
3.9E-1+/-16?
3.9E-1+/-16$
4.6E-1+/-14$
3.2E-1+/-17?

Pb-214

7.8E-1+/-8*
9.4E-1+/-7$
5.8E-1+/-13?
9.8E-1+/-6?
9.3E-1+/-7?
8.8E-1+/-9?
8.0E-1+/-9?
9.6E-1+/-7?
8.3E-1+/-9$
9.7E-1+/-!%

Pb-214

5.6E-1+/-13*
6.2E-1+/-12$
7.0E-1+/-10?
9.4E-1+/-8$
6.5E-1+/-12^
7.3E-1+/-10?
7.6E-1+/-10$
4.7E-1+/-165&
6.9E-1+/-10$
9.2E-2+/-8?
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Table 5

In situ bore hole measurements vs core sample analyses 
(pCI/g +/- % counting error)

Core Core
JlL Si±U Sample Gamma Sample Gamma Core

Borehole 7 Gamma Spectroscopy Spectroscopy Samp 1e Alpha
2 foot Spectroscopy On Site RMC Labs Spectroscopy

U-234 1.1E1+/-15$
U-235 5.6E-2+/-51* 8.4E-2+/-170* 3.3E-1+/-98!
U-238 4.8E0+/-18$ 2.4E0+/-78$ 2.3E0+/-29$
Pb-212 9.8E-2+/-24* 9.1E-1+/-25$
Pb-214 3.5E-1+/-17* 1.2E0+/-375K 9.2E-1+/-13$
Bl-214 5.9E-1+/-53$ 6.5E-1+/-17/S
K-40 9.2E30+/-32$ 2.0E1+/"10$

Borehole 7
8 foot

U-234 3.5E1+/-10$
U-235 1.0E0+/-5* 1.4E0+/-645G 2.2E0+/-27$ 1.2E1+/-23$
U-238 6.2E0+/-13$ 3.0E0+/-61$ <1.0E1 3.2E1+/-16*
Pb-212 3.0E-1+/-195S 8.0E-1+/-43$ <1.2E0
Pb-214 5.0E-1+/-12? 9.0E-1+/-43$ 8.0E-1+/-165?
Bl-214 7.0E-1+/“45$ 7.0E-1+/-17$
K-40 1.3E1+/-26? 2.0E1+/-105J

Borehole 7
10 Foot

U-234 1.5E1+/“10$
U-235 3.0E-1+/-12$ 8.0E-1+/-12? 1.5E0+/-27* 5.0E-1+/-39!
U-238 5.7E0+/-14$ 1.5E0+/-12056 <1.1 El 1.1E0+/-25$
Pb-212 8.0E-1+/-10? 6.0E-1t/-31$ <1.3E0
Pb-214 4.0E-1+/-15/J 1,0E0+/-38$ 9.0E-1+/-13?
Bl-214 6.0E-1+/-50^ 7.0E-1+/-14$
K-40 1.2E1+/-28$ 1.9E1+/-105K

Borehole 7
11 Foot

U-234 3.0E0+/-15$
U-235 1.0E-1+/~130? <5.0E-1 <9.0E-1
U-238 1.4E0+/-1205J <1.1E1 5.0E-1+/“40‘
Pb-212 6.0E-1+/~30$ <1.9E0
Pb-214 1.2E0+/-44/J 9.0E-1+/-18*
Bl-214 7.0E-1+/-44J{ 1,2E0+/-25$
K-40 9.5E0+/-325J 1.8E1t/-10H
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Table 6

Water sample analyses (pCI/I +/- counting error)

ample
No. Sample Location

Gross Alpha 
(pCi/l)

Gross Beta 
(pCi/l)

1 Borehole #6-3/26/82 1.3E1+/-27? 4.2E1+/-16?
2 I00H 2.2E0+/-8656 1.5E1+/-39$
3 Standing #20 near trucks 9.0E0+/-31$ 8.8E1+/-9?
4 Smal1 creek near H55R 1.2E0+/-140* 5.6E0+/~90$
5 Stream SE of plant 1.2E0+/-140$ 1.6E0+/-338/K
6 Joachim Creek upstream 5.0E-1+/-260$ 4.2E1+/-16$
7 Borehole #2-4/2/82 1.7E0+/-110% 2.0E1+/-30%
8 Borehole #7-3/26/82 8.8E0+/-32* 1.4E1+/-31?
9 Joachim Creek downstream 1.0E0+/-160$ 3.1E1+/-205J
10 Smal1 creek upstream 8.3E-1+/-200$ 7.9E0+/-5905?
11 Joachim Creek midstream 1.7E-1+/-56* 9.1E0+/-268?
12 Borehole #9 4/2/82 2.3E0+/-805& 3.2E2+/-4/S
13 Borehole #12 4-2-82 1.1E1+/-28? 6.1E0+/-90$
14 Borehole #1 3/24/82 1.8E2+/-6* 1.3E2+/~7/K
15 Borehole #2 4/16/82 8.3E-1+/-20035 1.7E1+/-27/K
16 Borehole #3 4/16/82 1.2E0+/-140$ 8.9E0+/-56?
17 Borehole #9 4/16/82 1.7E0+/-110$ 4.7E2+/-3$
18 Borehole #12 4/16/82 2.7E0+/-73? 2,3E0+/-230$
19 Borehole #2 4/22/82 2.0E0+/-91$ 8.8E0+/-56$
20 Borehole #3 4/22/82 1,5E0+/-120$ 2.1E1+/-295K
21 Borehole #9 4/23/82 2.0E0+/-91$ 5.0E2+/-35&
22 Borehole #12 4/22/82 1.0E0+/-160$ 2.5E1+/-245J

40



Gamma spectroscopy analysis of selected water samples

Samp Ie 
No.

IsotopIc Results (pCI/l +/- countIng error)

Samp Ie Location
U-238 U-235 Th-232 Ra-226 K-40

(pCI/l) (pCl/l) (pCl/l) (pCI/l) (pCI/l)

Borehole #1 3/24/82 5,3E1t/-53$ 6.8E0t/-665? 1.9E1+/-46* -6.7E0t/-77$ 8.0E1t/-43$14



Table 8

Particulate high voIume air samples, long lived activity 
(uCI/ml +/- % counting error)

Date Location Gross Alpha Act IvIty Gross Beta ActlvIty

4/7/82 NW fence line

4/14/82 15 m N of NW fence 
post

4/14/82 3 m downwind of 
borehole #1

4/15/82 South of plant

4/15/82 South of parking 
lot

(uCI/ml) (uCI/ml)

1.8E-14+/-49$ 6.0E-14+/-33$

2.3E-14+/-36I 6.4E-14+/-25$

1.1E-14+/-58* 3.9E-14+/-385?

5.8E-15+/~149$ 2.8E-14+/“99$

2.7E-14+/-49/S 3.7E-14+/-75$
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Table 9

Summary of offsite background radiological measurements

Type of Measurement Value

External exposure rate
one meter above ground 12 uR/hr

Beta-gamma count rates
at surface 35/32

Long IIved airborne 
particulate activity

Gross alpha 5.8E-15 uCI/ml +/- 150% 
Gross beta 2.8E-14 uCI/ml +/- 99$

Sol I radlonuclIde 
concentrations

U-238 3.6E-1(pCI/g)t/-460$ 
U-235 1.5E-1(pC!/g)+/-130$ 
Ac-238 1.IE-1(pC!/g)+/-330$ 
Pb-212 2.4E-1(pC!/g)+/-70$ 
Pb-214 8.5E-1(pCI/g)+/~48$ 
BI-214 4.9E-1(pCI/g)+/-65$ 
K-40 8.7E0(pCI/g)+/-37$

Water Activities Gross alpha Gross beta

SmalI creek upstream 
SmalI creek downstream 
Joachim Creek upstream 
Joachim Creek downstream 
Joachim Creek midstream

8.3E-1+/-200 
1.2E0+/-140$ 
5.0E-1+/~260$ 
1,OEO+/-1O0$
1,7E-1+/-56$

7.9E0+/-590$ 
5.6E0+/-90$ 
4.2E1+/-15$ 
3.1 El+/-20$ 
9.1E0+/~268$
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Table 10

Target criteria and measurement LLD’s for 
Combustion Engineering Fad IIty burial site.

Sol I Contaminants

NuclIde Target Criteria LLD

Ra-226
Total U
U-238
U-235
Th-232 *
Th-230

5pCl/g
15pC!/g
30pCl/g
30pCI/g

5pCI/g
15pCI/g

IpCI/g
3pCl/g
6pCI/g
6pCI/g
1pCI/g
3pCl/g

Water and Airborne Contaminants

NuclIde Target Criteria LLD

Al 1
Ra-226 (water)

MFC Unrestricted 
3E-8 uCI/ml

20% MFC 
6E-9 uCI/ml

External Radiation

NuclIde Target Criteria LLD

Ai 1 20 uR/hr 4 uR/hr

* Th-232 In equlIIbrlum with daughters
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A. PortabIe Survey Ins+rument

The portabIe survey Instruments used at the C-E fad II- 

ty burial sIte IncIu ded two comp Iete sets of Wm. B. Johnson 

& Assoc Iates equipment, which cons Ist of battery operated 

rate meters, sea Iers and a Ipha, beta and gamma probes, and 

an EberI Ine PRS-1 ratemeter sea Ier and detectors. These 

systems (see Fig. I-1) are totaI Iy portabIe and can be used 

In the field for both measurements and sample coun11ng.

The alpha probes use a ZnS(Ag) sc IntI I I at I on detector; 

the beta detector Is a thIn wIndow (1.4mg/cm2 mica) GM tube, 

and the gamma detectors are NaI(TI) crystaIs. The alpha and 

beta probes were caI Ibrated wIth "NBS traceable" sources at 

the RMC cal I brat I on fad IIty I n Phi IadeIphI a and the gamma 

sc IntI I Iator was cross-caI Ibrated wIth a primary Ionization 

chamber system, described below.

B. Ionization Chamber System

External gamma dose rates were accurate Iy measured wIth 

the RMC constructed Tissue Equivalent Ionization Chamber 

System (Fig. I -2). Th I s system cons Isted of a 16 liter 

tissue equIvaIent, gas fI I led Ionization chamber (Shonka 

chamber), a Ke I thIey vibrating capad tor eIectrometer, a 

printer and battery pack. It Is capable of measuring dose
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rates at background I eve Is to a precision of a few percent

Since thIs system Is bulky and somewhat fraglIe, It Is 

not as suI ted for extensIve field measurements as a smaller,

I IghtweIght NaI(Tl) portabIe survey Instrument. Therefore, 

the NaI(TI) detector was used for the major Ity of the field 

gamma measurements, SI nee thIs detector's response Is ener­

gy dependent, It cannot be used as a "micro R meter" unless

II Is Initial Iy caI Ibrated for such use.

The caI I brat I on performed by RMC cons Isted of accurate- 

Iy measuring the exposure rate at several IocatIons at the 

C-E fad IIty burial sIte using the Tissue EquIvaIent I onlza- 

11 on Chamber, then record Ing NaI(TI) measurements at the 

same IocatI on. In thIs manner a set of NaI(TI) count-rate 

versus exposure rates were obtaIned and a uR/hr cal I bratI on 

factor estabI I shed, as shown In Fig, I -3.

Due to the energy dependence of the NaI detector, thIs 

conversI on factor will apply only to the radlonucI Ides and 

geometrIes for which the caI I bratlons were made. In the 

case of the C-E facI I Ity burial sIte, 11 Is known that on Iy 

natural Iy occurrIng nucI Ides and U-238 and U-235 are likely 

to be present. Therefore, the converslon factor estabI I shed 

at thls site, will apply on Iy to naturally occurrlng ra­

dionuclides dIstrIbuted In sot I.
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c Mobile Lab Gamma Analysis System

The mob I Ie Iab gamma analysis system (Fig. I-4) con­

sists of a PGT 15? efficient (relative to a 3" x 3" Nal(TI) 

crystaI) Intrinsic german I urn (IG) detector, shield and Ten- 

necomp TP-50 Iaboratory computer data acquIs111 on mod uIe. 

The ana lysis system was caI Ibrated for alI counting geome­

tr Ies wIth an NBS suppI led Eu-152 source.

Each count was ana Iyzed by a computer program for de- 

term lnatI on of gamma energies and peak areas. AM res uIts 

were prInted out ImmedI ate Iy foI lowing analysis on-sIte, and 

data was stored on floppy discs for future analysis, as 

needed.

Typical LLDs for U-235 and U-238 In sol I are 1 and 2 

pCi/g, respectlveIy.

D. Auger Ho Ie Logging System

DetaI Ied Iogglng of seIected auger ho Ies was performed 

wIth the system shown In Fig. I-5. ThIs system cons Ists of 

a custom deslgned EG&G Ortec Intrinsic german I urn detector 

(10$ eff) wIth a narrow dewar, coup 1ed to a Tracoi—Northern 

1750 MCA used for data acq uIs111 on and Initial field evaIua- 

tlons. Data were stored on a tape cassette recorder, then



transferred to the lab computer system for final analysIs. 

The entire system. Including an N I M moduIe power supply wIth 

a bI as power supply and amplifier, was powered In the field 

by a portabIe 5000 watt gasoI Ine-drIven generator.

The IoggIng system was caI Ibrated as descrI bed In At­

tachment 1. Field count Ing times were norma I Iy 10 mlnutes 

at each IocatI on. Typical LLDs for thIs system for a 1 0 

mInute count are 0.1 pCI/g for U-235 1 pCI/g for U-238, 0.2 

pCI/g for Pb-212 and 0.1 for pCI/g Pb-214.

E. Alpha-Beta Count Ing System.

AlI part IcuI ate a Ir samp Ies and evaporated water sam- 

pIes were counted for gross alpha or beta act IvIty on the 

Gamma Products Iow background gas fIow proport IonaI counter, 

shown In Fig. I-6. The system Is automat Ic and can be pro­

grammed for a varlety of count Ing parameters.
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ATTACHMENT 1 TO APPENDIX I
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INTRINSIC GERMANIUM WELL LOG 

DETECTOR CAL I BRAT I ON

The Intrinsic german Ium detector was connected to the 

pulse height analysis system conslstIng of the foI lowing 

components:

Ortec Mode I 459 High Vo Itage Power Supply 

Canberra 2011 Spectroscopy Amp I IfIer 

Tracer Northern 1750 MCA 

TeIetype Model 43 PrInter

Gain and voItage supply sett Ings were adjusted to ob­

ta In an energy spectrum of 0 to 2000 keV, whIch corresponds 

to approx I mate Iy one keV per channel.

Cal I brat I on of the we I I logging system was performed 

using the cal Ib rat I on rIg shown In Fig. I-7. Thls r I g I s 

constructed as a series of four concentrIc rings surround t ng 

a six Inch PVC casing. Each ring contaI ns thIn plastic 

tubes 1 -1/4" dIameter by 36” long. A set of "source rods" 

and "background rods" were prepared and Ioaded Into these 

tubes In a varIety of confIguratIons for the various cali­

bration and test counts.

The geometry of the rIg Is such that the dI stance from 

the center of the casIng (or detector) to the center of the
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secondInnermost ring Is 3.75 Inches, to the center of the 

ring Is 5.0 Inches, to the center of the third ring I s 6.25 

Inches, and to the center of the fourth ring Is 7.50 Inches. 

All voids between tubes were filled w I th I ow background 

sand. 11 was determlned that the ratio of source voIume In

each ring to the totaI ring area was about 0.6. Hence, when 

source rods were fully loaded Into a given ring, the act IvI- 

ty counted represented approx I mate Iy 60$ of the totaI area 

(voIume) the detector vIewed, and counts were adJusted ac­

cordingly.

Each source tube Is a tweIve Inch high by one Inch di­

ameter tube fI I led wIth a mater I a I containing Eu-152. The 

source mater I a I was prepared by mixing the standard Eu-152 

source solution wIth plaster of parts, at a constant ratio 

designed to gIve a unI form spec IfIc act IvIty of 440 

pCI/gram. Background rods were fI I led with "clean” plaster 

of parls. PI aster of parts was chosen because of Its ease 

of hand I Ing, ability to unI form Iy dIstrIbute the source 

throughout the mater I a I, and I ts dens Ity, which approx t mates 

that of common sol I. (Density of soil, 1.7-2.3 g/cubIc cm; 

density of pI aster, 1.5 g/cubIc cm; density of sand, 1.4 

g/cubIc cm)

Four dIfferent confIguratIons of source and blank tubes 

were used for the caI Ibratlon. Source tubes were pIaced



three high In one of the four concentrIc rings of the rIg 

for each count while the balance of the rIg was fI I led wlth 

blanks. These confIguratIons correspond to the source ma­

terial being a radial distance of 3.75, 5.00, 6.25 and 7.50 

Inches from the detector.

Each confIguratI on was counted for 900 seconds, and the 

area under each of the eight major Eu-152 photopeaks deter­

mined for each count.

As a caI I brat I on check for the Iow energy U-238 pho­

tons, a second set of caI Ibratlon rods contalnIng Cd-109 

(E =88 keV), was prepared and counted In a sImI Iar manner.

Calculation of counts per gamma per gram was determ Ined 

by the foI lowing method ( for the Eu-152 rods):

NCNTS/GAMMA/GRAM =

[NCNTSl]/C(440pCI/g)(3.7E-2d/s/pCI)(900s)( ABUNDANCE gamma/ d )3

For each gamma energy, the net counts/gamma/gram vs 

dI stance f rom the center of the detector was listed. These 

response curves were then pIotted for each energy, for dIs- 

tances and actlvItIes which extend to zero net counts. ThIs 

represents an ^Infinite'1 d I stance from the detector. Us I ng 

these curves, the tota I counts from the detector to an In- 

finite dI stance was calculated by Integrat1ng the area under
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the curve using SImpson's rule for approximating integra Is. 

Of prime Importance Is the integra I from 2 inches to infini­

ty , since this Is the area the detector will vIew when 

pIaced inside a foui—inch PVC casing.

Final I y, the Integrated net count/gamma/gram, from two 

Inches to Infinity, was pIotted vs energy, for each of the 

Eu-152 photons. WIth this efficiency curve, a spec IfIc ac­

tivity 1n sol I (pCi/gram) can be determ Ined from a bore hole 

count, assum l ng the radionuclide can be identified and its 

gamma abundance determ I ned. The calculation Is:

SPECIFIC ACT I V ITYpCI/gm(In soil) = 

[NETC0UNTS3/[(ABUNDANCEgamma/dis)(2.22 dis/min/pCI) 

(MINUTES COUNTED)(EFF!CIENCYcounts/gamma/gm)]

ThIs determination will be valid so Iong as the ra­

dioactive mater I a I Is uniform Iy dlstrIbuted to an “infinite” 

distance In soil, and the detector is in a foui—Inch PVC (or 

sImlIar material) casing. A I though sol I should be at the 

surface of the casing, the data IndI cate that small voids 

will not produce significant errors In act Ivity estimat ions.

ResuIts of this cal ibrat I on indicate that an “infinite" 

thIckness in sol I for a bore hole logging device Is about 10 

inches from the center of the detector. Thus, for a 

foui—inch hole, gamma logging will only "see" activIty out
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to about seven or eight Inches from the hole. For low ener­

gies (e.g. 100 keV), 50 to 60$ of the totaI act IvIty seen Is 

In the interval of two to four Inches. For energles above 

500 keV, thIs vaIue Is 40 to 50$. While thIs voIume may not 

seem large, It represents severaI thousand (2000 to 4000) 

grams of soil, which Is much Iarger than typical core sam­

ples, and Is therefore more representatIve of the actuaI 

soil act IvIty.

ThIs cal I brat I on Indlcates that the sens 111vIty of the 

IG we I I IoggIng system Is such that the Ra-226 daughter 

BI-214, as measured by the 47$ abundant 609 keV peak, can be 

easI Iy detected at one pCI/gram In soil, In a five mInute 

count, wIth a 95$ confldence I eve I and precision of 0.4 

pCI/g.
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Figure 1-1. Portable Survey Instrument Kit.



Figure 1-2. High sensitivity tissue equivalent ionization chamber system
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Figure 1-4. Interior of mobile lab showing gamma counting system and other equipment.



Figure 1-5 In-situ auger hole logging system with intrinsic germanium detector 
and narrow dewar assembly, data acquisition equipment and storage/ 
fill dewar.
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Figure 1-6. Automatic beta-gamma gas flow proportional counter.
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Figure 1-7

CALIBRATION RIG ASSEMBLY

"An ~ 6" I.D. PVC Pipe

"B" - 1.25“ diameter x 36" long
butyrate source holder tubes

"C" ~ 1" diameter x 12" long source 
tubes. 3 per holder tube

"D" - IG Detector

5
d h

C B
u

Cross Section
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