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Dear Xlr. hioring: 

The radiological background for the NAS Jeck_convilIe sire was derermined by direct in situ measurement 
and soil sample analysis at 20 locations in and around the site. A summary of those findings, including 
the variabiliry of the background quantities, is zs follows: 

Dose Rate 

High Low Average 

7.8 ,AUhr . . 5.7 /Whr ,_ 6.4 /Whr 

Uranium - 233 decay chain 0.99 ;Cilgm 0.37 pCi/gm 0.59 pCi/gm 

Thorium - 232 decay chain 1 .OS Qgm 0.47 pCi/gm 0.72 pCi/gm 

Potassium - 40 5.22 Qgm 0.82 pCi/gm 2.52 pCi/gm 

Cesium - 137 0.49 pCi/gm 0.01 pCi/gm 0.17 pCi/gm 

For conservatism, the cleanup criteria for both tie radium-226 and the thorium-232, including 
background, will be set at 5.4 pCi/gm. 

The report of the measurements and associated data evaluations is attached. If you have any questions 

regarding these results, contact me at (904) 779-8900 or Edward Walker at (615) 220-2202. 
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NXS JXCKSOlWILLE - RX)IOLOGICXL BACKGROLND 

1.0 IXIRODUCTION 

The operating history of rhe NAS Jacksonvil le site has included handling and disposal of 
materials containing low levels of radioactive materials.’ Specific activities involving such 
materials included: 

l Aircraft instrument maintenance and repair: radium-226 
l Sandblasting and cleaning: thorium-232 

Standards for both radium-226 and thorium-232 in soil are provided in regulation from the 
Environmental Protection Agency (EPA), in 20 CFR 192, “Health and Environmental Protection 
Standards for Uranium and Thorium Mill Tzilings.” For concentrarions in soil, this value is: 

Sv < 5.0 pCi/gram above background 

Past cleanup and disposal acrivities involviq these materials were based on reglarory standards 
rhat have been superceded by stzndards that are more directly applicable to the radioisotopes of 
interest, and in many cases are more restrictive than the previously applied slzndards. The NM 
Jacksonville site is being resurveyed to evaluate the existin, of levels of residual activity for 

determining the needs and planning the actions for further remediation. 

To suppori remedialion, it is necessary to cie:=rm~~~ <:e ‘;;;c~~~c5>~~~ zCii’<iT r -n’+-A ,r’kicy i:C ;~;c-_; - 

release criieria will be applied. The background levels for this site have been determined at 20 
different locations on rhe base and around rhe periphery of the base. The 20 locations are shown 
on the artiched site map (Fi_gure 1-I) and are bescribed in Table l-l. ‘. 

The background characterizarion consisted of a series of in situ measurements and soil samples at 
each’ location. The in siru measurements cozisted of tie following: 

‘Pressurized Ion Chamber (PIC) pwhr 
Microroentgen Meter FRhr 
Gamma Flux using 2” by 2” NaI detector cPm 
Beta acrivity cPm 
Alpha activity cPm 

The soil samples were analyzed at an offsite radiochemistry laboratory for the following 
activities: 

. 

. _ 

. 
l 

l 

. 

TotaI Ura;Lium 
Uragium-23 8 & daughters 
Radium-226 & daughters 
Thorium-232 & daughters 
Potassium-40 
Cesitim-137 

(naturally cccurring) 
(naturally occurring) 
(naturally occurring) 

. . 

(naturaily occurring). . 
(fallout) 

T0335.31 
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Table 1-l 
Background hfeasurement Locations: NASIJAX 

Number Location Description 

1 Saratoga & Ranzer 

2 Highway 17 

3 Off Ortega Drive 

4: CoZ1in.s & Malaga 

5. Mustin Road 

6. Child Road 

7. Mustin Road 

8. Adax-is & Knight 

9. Jason & Saraioza 

10. Mustin Road 

11. 120th 

12. Chiid Road 

13. Highway 17 & CoIlinS 

14. Tatum &’ Saphier 

15. Off Highway 17 

16. Per:Lmeter Road 

17. 

IS. 

19. 

20. 

Mustin Road 

Highway 17 

Birmingham 

Perimeter Road 

Across from Naval Legal Office, between sidewalk 
and parking lot’. 

West side of road, south of main gate 

Bexeen apartments and railroad track 

lu’E corner of street intersection 

Edge of restricted area, adjacent to riverfront access 
rozd 

Wst edge of Naval Hospital parkins lot 

Open area across from fxe station, adjacent to BOQ 

01 corner of open field 

Near parking lot to Yesterday Cafe 

West side of road, across from Navy Lodge 

AI Xorih Florida Anchor Gate 

N’i?: of Buildins 371, near ball fields 

Weit side bf H-17, south of U-Haul. 

Wcoded area along road, near Building 203 

At end of road in mobile home park ‘, 

hv$ corner of bend, south of ?Vastewater Trealment 
Area 

West of street, near park 

Wesr side of road, near cement plant 

Eczance to NAS-JAX RV park 

Ncxh side of road at first bend after gate 

T0335.R1 
Jtnuzry 6, i995 10:35Zm 
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Since radium-226, and thorium-232 were the radioisotopes associated with past site activities, 
accurate determination of the background conuibution was important. During remediation and 
fmal gamma clearance surveys, reliance will be placed on the in situ measurements using the 
micro R meter and the 2” by 2” NaI detectcr. The PIC, used in this background study, will be 
employed as a secondary measurement standard for background level measurements, in addition 
to being the primary background dose rate measurement. The performance of rhe other’ 
instruments will be corrected for future application onsite, using the PIC as the secondary 
standard. 

2.0 RESULTS - IX SITU MEASTXEMEWTS 

The results of the in situ measurements are summarized in Table 2-1. The record of the 

complete field log for each location are provided in Appendix A. The measurements using the 
PIC were recorded by two different methods. The instrument was operated at each location for 
30 minutes wirh data points pIorted on a stri? chart approximareIy 2 seconds apart. At 10 minute 
intervals, an estimate of tie average of a digirzl readout was recorded in the field log. It was 

noted from the strip charts that this instrumear required lo-15 minutes to stabilize. The value 
taken from the chart was the average of the 5~1 10 minutes. The sigma (a) value recorded for 
&e c?zt reading is UIU _.-.. _,iL.~_~~_ -ha h-lc_l~:-l-,,-, ,>f the +~~~d da:2 bz__L_ h-71 The values obtztied from the 

chart are the background dosz rates assigned to each location for ail subsequent comparative 
evaluations. 

. 

The 2” by 2” NaI gamma, tie beta, and the alpha readings, sunznarized in Table 2-1, are a 
numerical average of three separate readings -z:<en at each location. The sigma (G) v&ues shown 
for each is tie variance of the tiee readings, @ the statistics of the counting system. The beta 
and alpha readings were repeated at each location wicn the meter face toward the ground and 
away from the ground to assess whether a di&ence exists; e.g+, is the.activity dtieciional or 
uniform. This is discussed in more derzil in Section 3.0. , 

3.0 RJZSULTS - L_30R_%TORY .QXLYSIS 

Two soil samples were obtained at each bat-, iDround measurement-location and were submitted to 
the General Engineering Laboratory in Char!zston, South Carolina, for isotopic analysis. One 
sample was analyzed for ton1 uranium contezt usin, = microwave digestion and kinetic 
phosphorescence analysis (KPA). The second sample was anaIyzed using gamma spectroscopy 10 

identify the content of uranium-238, radium-Z%, thorium-232, potassium-40, and cesium-137. 
These results have been sumimarized in Table 3-l with reference to the PIC in situ measured dose 
rate. The locations have been ordered from lowest to highest measured dose rate. The tabIes 
have been organized to present the decay chain aciivity together for easier comparison. This also 
facilitates the use of a singIe.dose rate conversion for the entire chain for correlating with the in 
situ dose rate measurement. 

.Before attempting the dose rate comersion, L -7cpection of the lab analysis results reveals a number 
of ‘inconsistencies. 

. . 

(;) The totzl uratium analy,: ~1s does not co&e ~,5h +&e IJ-238 value ob,tained from the gamma 
specuum. 

TO3XF.l 
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' I ' i~bl~ 2- I 
Unckground Summary: NAS Jackso~lvillc 

I11 Situ Mcasurcr~~cn~s  - Gxmoln 

Location: -1'rcssurizcd Ion Chamber Micro Rociilgcn Melcr 

11 109893 1195487 

2" by 2" NaI Detcclor I 

CPM i~ 

---I--- 
CPM a 



Mpha Mei~sur'cmcnls - CPM 





'Locario~u arc iirrnngcd ill' scquencc lro111 lowest lo highcst background rcading. 
'Micrownvc digcstiu~i (tlissolulio~~) folIowcd by KI'A (kinctic phosphorcsccocc aniilysis); tlissolutiou a ~ w l  uranium rccovcry. should bc > 8 0 2 .  
'Analysis o r  60 KcV pcak of ~horiu~n-234. 
'Uranium-238 v ~ l  thorium-234 assun~cd to bc in cquilibriuu. Idenlica1 vnlucs rcporlcd. 
JTl~oriuru-230 and ratliudl-226 assutncd to be in equilibrium. Idelltical vnlucs rcportctl. 
"A~idysis of 60 KcV peak of bismulh-214 (cquilibriu~n dnughtcr). 
'Analysis of 60 KcV and 185 KcV pcaks a lk r  correcting for prcscncc o l  186 KcV pcnk of radium-226. 

Unckground Sumln;uy: NAS Jxksouvillc, Iso~opic Cornposi~ion - I1icocurics pcr Gram 





- 
llackj:rountl Suln1nar.y: N A S  J;lcksor~villc - 

Isolopic Composilion - l'icocurics pcr Gram 
I 

' Localions arc nrr;u~y;ctl i n  scquencc lrom lowest lo lligllcsl background reading. 
8Aoalysis 01 239 kcV pcitk o l  1c;irl-212, svcrngcd with 3 ollier pcnks. 
"Annlysis of 31 1 kcV pcak of  acriniuru-228, iivcrsgcd willi 1 1 othcr pcaks. 
10Analysis o f  239 kcV pcnk o l  lcad-212, averaged w i ~ h  2 olher pcnks. 
"Analysis of 1,400 kcV of argon-40. 
"Analysis oC 662 kcV pc;ik 'of bariu~n-137111. 



(2) The uranium-235 values aie not c0nsister.t wirh the isotopic raiios anticipated. 

(3) The urailium-238 and rrdium-226 values from the gamma spectrum analysis are not 
consistent with isotopic ratlios anticipated. 

With respect to the uranium-235 values, this data may be disregarded from further considerarion. 
It may be noted that all but five of the analsses resulted in values less than the detection limit. 
Additionally, evaluation of uraium-235 from rhe 185 keV photopeak is confounded by the 
presence of a 186 keV photope* from rad i~ i -226 .  

The pr'mary issue to resolve for d e f i i g  the background is rhe inconsistency between h e  
uranium and radium-226 results. Barring prior geological anomalies that could . 

chemicallyiphysically separate Lie radium from the uranium decay chain, these elements should 
be in ezsenrial equilibrium. Tht gamma speciiomeny analysis indicates uranium-238 
concenirationr that are 7-4 tirr,es greater than &e radium. Conversely, the total urpnium fiom 
KPA is lower rhan the radi~n-226,  although ~enerally wirhin a factor of two. Discussion wiih 
the lab provided rhe following observations: 

(1) T i e  rzdiurn is evaluaied using the 609 kzV pho:opeak which will be much more accurate 
than the uranium 60 Lev photopeak, due io m ~ c h  greater compton interference from hisher 
enersy photopeaks into the 60 keV phot~geak- 

(2) The total urznjum analysis ((KPA) coold be bixed low if comple~e dissolution of the 
urrniurn from the smqle  matrix does not occur. For soil smples ,  dissolution should be at  
lezst 70-80 5%. . , 

1 
Table 3-2 shows a comparison of "corrected" total urzniuin coilcenirs~ioa and radium-226 
concenuation, assuming 70% mailium recorciy in the rnicroiveee digestion process. Using h i s  
correcrioil only on the tot21 orzaiurn vzlues r e p r ~ e d  rbove the detection limit, a reasonzble 
comparison with rhe correspondhg radium-226 concentrrtions results. , 

Finally, an analysis was perfamed to correlzrz the isotopic composition, determined from the lab 
analysis, w i ~ \  the in sihl dose m e  measurement obtained with fie PIC. The PIC response is 
assumed to be comprised of nilo source com2onents: 

(1) cosmic radiation 
(2) terrestrial radiation 

Cosmic rrdiation may be assumed to be a corLtant at sea level. This value is taken as 28 
m R e d y r  (NCRP-94) which equates to 3.19 ;Rihr. The remainder of the PIC response will be 
assumed to be from radioisotopes iii the soil. 

. . 
D(P1C) = Ds. f D ' ~  = DT 

D, '= Dose r21e from scil 
Dc = Dose rate from c&ic 
DT = Total estimated dose rate 



Table 3-2 
NXS-SAX Background - Uranium vs Radium Content 

Total Uranium Total Vraniurn 
'C'ncorrected Correcteda Radium-226 

Location ( p C i / , ~ )  (p Ci/,w) ( p C i / ~ )  

18 0.358 0.511 2 0.010 0.5 11 2 0.097 

2 0.235 (U) 0.462 

3 0.192 (U) 0.467 

6 0.215 (U) 0.681 

15 0.1% (0 0.395 

20 0.281 ('1j) 0.484 I 

9 0.129 (U) 0.367 

11 0.215 (U) 0.536 

19 0.199 (v> 0.449 

1 0.222 (U) 0.708 

13 0.417 0.596 2 0.014 0.532 5 0.098 

16 0.391 - 0.559 0.010 0.690 5 0.142 

8 . 0.202 (U) 0.502 

5 0.662 0.946 5 0.014 0.994 5 0.088 

4 .  0.295 (U) 0.773 

10 0.268 (U) 0.583 

7 0.437 0.624 5 0.010 0.529 2 0.108 

17 0.225 (U) 0.378 

14 0.268 (U) 0.614 

12 0.536 0.766 2 0.014 0.830 5 0.125 

?Assumes a 70 percent recovery from the ~ i c r o w z v e  digestion process. 

(U) .- hdicates piesence of ~ n t l g t e  less i q a  detection limit. 
. . 

. . 



The soil dose rate is estimated from the laboratory analysis rzdioisotope concentrations for: 

(1) Uranium-238 + daughters 
(2) Thorium-232 + daughters 
(3) Potassium-40 
(4) Cesium-137 . 

Dose rate conversion factors were obtained from three reference sources: Federal Guidance 
Report No. 12 (EPA), RESRAD (DOE), a d  NUREG-5512 (NRC). Each set of conversion 
factors were applied to the lab results for ezch of hvo assumptions: 

(I j The U-238 gamma photopeak analysis correctly represents the U-238 decay chain. 

(2) The Ra-226 gamma photopeak analysis correctly represents the U-238 decay chain. 

A summary of this evaluation is presented in Table 3-3. This evaluation indicates a very good 
correlation for the EPA and DOE conversion factors, assuming Ra-226 lab anzlysis correctly 
represents the uranium decay chain 2nd a poor correlation assuming the U-238 analysis is 
correct. The use of the NRC conversion f~ciors  results in an opposite conclusion. 

Based on the various factors previously discussed, namely betier correlztion between total 
"corrected" uranium analysis from KPA azd radium-226, and h e  difficulty jn assessing the 
U-238 60 keV photopezk in the presence of numerous higher enerpy photopedcs, it is concluded 
that ~ $ e  g m n a  spectrometry analysis for ~ d i u r n - 2 2 6  correcrly predicts the concentration of fie 
uranium decay chain in the bzckground. Klc radium-226 ihat repiesenis backyround at the NAS, 
Jecksomille site is given by: 

i \ 

High = 0.99 pCi/gm 
Low = 0.37 pCi/gm 
Average = 0.58 pCi/gm 

For conservatism, use the low value above 7,vhich ~ ! e  release criteria is added. This implies thzt 
remediation has satisfied the criteria for unrestricted release when the residual activity for radium 
or rhorium is: 

TO??$.Rl 
January 6. 1995 1O:jSzm 





4.0 PI SITU STJRVEY hETER CORRELATIONS 

The backsround evaluation at ezch of the 20 locations included gamma, beta, and alpha 
measurements using the meters described in Table 4-1. These background measurements are 
summarized in Table 2-1. It may be noted from Table 2-1 that measurements were taken at the 
same location, but at different times, usins different miters. During the course of the 
background measurements, rhe following survey instruments were used: 

1. PIC Serial No. E-9691 

2. MicroR Meter Serial No. 109899 
Serial No. 95487 

3. 2" by 2" NaI Detector Serial No. 157 
Serial Xo. 165 

4. Pancake GM Detector Serial No. 1 16872 
Serizl No. 1 16876 
Serial No. 116878 
Serial KO. 116881 

The daily source check resFonse for each of mese lnsirumenrs (except the PIC) is providcd in 
Appendix C. Tnese checks zre used as the taris for the "acceptzbiliry" for use prior to initiztkg 
daily charzcrerization acriviries. Dvring the qiriod of rime h e  background measurements ae re  
made, the daily source checks indicated that all instruments used were '!acceprable,' based upon 
rhe response remaining within a 2 20 perce:' tolerance baild. As previously discussed, the PIC 
is used as a secondzry standard for rhe eva1c;tion of all oher  background data. 

4.1 IWCRO R METER RESPOXSE I 
During the time period rhzt the background surveys aere  made, mo different micro R meters 
were used, as summarized in Tzble 2-1. Inspection of thzt data indicates that borh instruments 
under responded in comparison to the PIC. The characteristics of his  under response were 
evaluated by assuming a linear relationship between the two deiectors (i.e., both detectors 2re 
responding to the same source: background). 

R (pR) = A + B (PIC) 

Correlations were evaluated for rkree sets of conditions: 

. - 1. The response follows a smildard linear &tiomhip. 
. '  . 

2. ?he-;eipdnse of the rnicroR meter is diffcient by a constznt value: B = 1.0 , 
. .  3. Theresponse is a constzilt percent of ".me": 4 = 0 I 

I 
T0335.?.1 
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Table 4-1 
Portable Survey Instruments 

Activity Detector Type Model Readout 

Dose Rate Pressurized ion chamkr Reuter-Stokes ,u Whr 

Dose Rate 1" by 1" NaI detector Ludlum 19 p R / h  

G m a  Flux 2" by 2" NaI detector Ludlum 44-10 cpm 

Beta Flux Thin window pancdz GM detector Ludlum 41-9 CPm 

Alpha Flux ZnS(Ag) alpha scintiEator Ludlum 43-65 CP* 



Correlation coefficients were determined for each condition, wi;h the best fit for each of the two 
micro R meters being: 

Detector No. 95487 : R (pR) = -340 f 54.9 (PIC) 
with a correlation coefficient of 0.608 

~ e t e c t o r  No. 109899 : R (pR) = -230 + 36.8 (PIC) 
with a correlation coefficient of 0.503 

Borh of these relationships imply a severe non-linearity &I resonse to a "true" background of 
zero. This is reflected in the lzrge negative value of "A."  If the detector and associated 
elemonics were m l y  responding to a radiatioil source only, this constant should be equal to or 
very near zero. The response of a detector ro v a r y ~ g  radiation fields is more likely to be one of 
the following: 

1. The variation in detector response is a pxcentage of the "true" source (the constant "A" is 
zero L? h e  linear relariozhip). 

2. The vviation in detector response is a constmt offset from the "true" source (the constznt 
"B" is zero ia rhe linex relationship). 

The percent2ge theory implies that meter no. 95487 is respondkg approximately 75 percent of 
" m e , "  and meter no. 109899 is responding zpproximately 50 percent of " m e . "  The constant 
offset theory indicates that n e r u  no. 95487 is under respondiiig by approximztely 1.5 p R / h  
from "true" background, and m t e r  no. 109889 .. . is nnder responding by approximately 3.0 pR/hr 
f r o n  "ime" background. i \ 

The response functions for ezch of these ev2htions are shown on ~ i b r e s  4-1 md 4-2. 

The observed differences iii response betwee? the nvo micro R rneters and the response of each 
to the "me" background source would normdy not be anticip~ed for a properly calibrated and 
properly operathg instrument. From the daily source check responses, each insmrnent was 
determined to be operating properly. Furrher discussion with h e  facility -hat performed the 
calibration revealed h a t  no sonrce check is performed on the r~vo lowest scales. The electronics 
are pulse checked for proper operaring resporise but the detector itself is not p x t  of h a t  check. 
There is 2.n "acceptable" rznge for the voltage plateau for the detector, and the exact setting 
within that range could account for the resporise vviations observed. 

It is not possible to determine the appropiate response relationship for these insbmnents from the 
data obtained here. The rmge of the " m e "  32ckground measurements (5.7 - 7.8 p R b )  
inBoduce error bands that mask a true respoase correlation. In order to properly defme the 
response functions, a greater range of radiation field strengths must be provided ushg  sources 
that would produce fields up io rpproxiiiately 100 plUhr. The responses observed ii?this-srudy.~ . 

, . ,  . . :  
. result from "calibraiion" pro~tocols that exclude ihe quantity behg measured. 

. . . - 







4.2. 2" by 2" NaI DETECTOR RESPONSE 

The background surveys, measuring the eqfii~dent g m a  flux, were mzde using two different 
2" by 2" NaI detectors. These results are summarized in T ~ b l e  2-1. As with ihe micro R 
meters, a different response for each detecror was observed. 12 his  case the difference was 
approximately a factor of wo. Each detectcr was evaluated io determhe a count rzte versus 
dose rate relationship. A linear response to dore rate was assumed for each detector by the 
relationship 

R (Nd) = As + B (PIC) 

where the PIC readings are taken as " w e "  bxkground. 

The respome function for each detector is 2s follows: 

Detector No. 157: R (NaI) = -2446 + 1252 (PIC) 
with a correlation coefficient r = 0.776 

Detector No. 15 j: Ii (YL!) + -1291 1 677- (PIC) 
wirh a correlation coefficient r = 0.809 

These response functions are shown on F i q i ~  4-3. 

- . , * - + -  .---.. L .  ---:* _...- 3 
As w i ~ h  ire micro R meters, G-X rariaiioa b. i s p o n r z  &:;ism t l i  :;J ... c : i ~ >  ... L, - . -  - . .+ 

to the sans  calibration protocol, wherein the setting of ihe v o l ~ g e  plateau could account for the 
observed differences- The problem zppears ioirise~~f;om a kick of any requirement h a t  low 

.?a1 source. range insmments be calibrzred lo a standaid h k l o = .  

BETA DETECTOR RESPONSE 

Beta measurements were mzde at the 20 background locations using a rhin whdo\u pancake G M  
probe. Prired measurements were' taken at e x h  location: 

probe window facing the surfzce 
probe window facing downward 

This was done to derermjne if there would ba a direction21 response to btckgroufid or if the 
background is essentially uniform. 

During the performance of these measuremezts, four diffcre~t  ddciector probes \yere used. The 
summary of these measurements is shown il Table 2-1 and Tzble 4-2. These d z t .  were 
evaluzred to address ttiro questions: 
. . 

1. Is the ixsmment response to backo;ouzd direcdonal or urdcriii (face dowii vs. face up)? 
2. Is there a vzriadon in h s r ~ r n e a t  respcnzz 25 ax obse;?-ed \vim rhe NaI derectors? . . 







1.3.1 Directional Response 

Each paired set of readhgs was compared by taking the difference: 

Difference = Probe down - probe up 

Of the paired sets, the differexe was positive for 12 sets and negative for eight sets. The 
average of the differences is within the statijrjcal variation of each reading. These two 
observations tend to support a conclusion t h ~ t  the detector response is uniform to the background 
encountered. 

4.3.2 Instrument Variation 

A review of rhe response of each instrument to the corresponding PIC readings in Table 4-2 
results in nvo observations: 

1. There is no discernable trend of increaskg beta activiy as the gamma background increases. 

2. There is no discernable difference benve:n the various detectors used and variations in the 
bzckground source (as defiled by the PIC readinzs). 

It may be concluded th2t the pancake GM dextors  are not as sensitive to electronic calibration 
vzriaiions (2s expected, based on Gh/l perfonance characteristics), and that the measuremects 
observed result prinarily from ihe response of rhe detector 10 the background gamma activity. 
Higher directional beta response wou!d require a source of beta activity that was essentially on 
the surface of the ground. I I 

i \ 

3.4 ALPHA DETECTOR RESPONSE 

The alpha rnezsurements 21 each of the 20 bztkground locations were made using one ZnS alpha 
scintillator detector. Paired measurements wcre taken at each location, using the same protocol 
as' was used for the beta measurements. The summary of hese measurements is shown in 
Table 2-1 and Table 4-2. 

Each paired set of readinss wzs compared by taking the difference 

Difference = Probe down - probe up 

All but one of the paired rezdings of sets in Table 4-2 had a higher probe down versus p r o b e p  
reading. This could indicate ictivity. at the snrfice of the ground (e.g., uniform distribution of 
isotopes in the soil). However, the average xagnitude of this difference (including the negative 
difference) is wirhin the statistical variation of each of the readings. .Also, there is no obs:.rvable 
iicre&e kend in ~e down read& w i < ~  *creasing g a m a  bacligroucdh Tzble 4-2., - 

Finally, there is no correkpondhi increase bavekn alpha and beta measurements indicated in 
Table 4-2. The field measured alpha "background" at each locztion is typically greater rhan the 
backgroucd determined at the beginning of e ~ c h  day (note data in Appendix A) which would 
indicate the presence of some surface activity in the soil. However, the magnitude of this zctivity 
is not safficient to be noted in the field measured beta "background." 

T0325.Rl 
January 6 .  1995 10:58zm 



DOE.- C. Yu, et al, "Manul  for I r n p l e m e ~ f ~ g  Residual Radioactive Material Guidelines Using 
R E S U D ,  Version 5.0," AKUEADILD-2 Argome National Laboratory, .4rgome, IL, 
September 1993. 

EPA - Federal Guidance Report No. 12, "External Exposure to Radionuclides in Air, Water, m d  
Soil," EPA 401-R-93-081, United States Environmental Protection Agency, Wshington, DC, 
September 1993.. 

NCRP-94 - NCRP Report No. 94, "Exposure of the Population in the United States and Canade 
from Natural Back ground Radiation," Natioooal Council on Radiation Protection a d  
Measurements, Bethesda, MD, December 50, 1097. 

NRC - "Residual Radioaciiie Contamination from Decommissioning,'' ruZTREG/CR-55 12, 
Vol. 1, US Kuclear Reylrtory Commission, Washington, DC, October 1992. 
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SURVEY LOCATlOHS 
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I 
FIELD DATA ACQUISITION F O R M S  

PAGE 153 



FlELD EATA ACOUlSlTlON F O R M S  PAGE 1% 

, .  . ... BACKGROUND DATA 

( 1 l M e r e r  L b h t v ~ ~ 1 9  SiN 9 3 0 7  Detector SIN 
I 



- f:.c:;:.! I... 
FIELD DATA ACQUlSlTlON F O R M S  PAGE 155 

BACKGROUND DATA 



FIELD DATA ACQUISITION F O R M S  PAGE 15  a l 
. BACKGROUND DATA 

::- . --I . I 

(41 Merer L U D  i u i r  2111 I SIN 1 1 5 1 L 5 1 Detector r /+  -9 SIN [ I  6 0 7 ~ 1  . Z Z S  

Pi% i 5 ) ~ e T e r  L J ' ~ L - . H  ZLLI I SIN i c z g y q  ( ~ e r e c i o r  . 4 3 - b r  SIN 9 LAQ~i 1 
+ 1 6 1 M e t e r C u e ~ ~ ~ n z ~ ~ 1 I S i N  1f ia0q9 (De~ecroi 41'3-Lh- SIN O q T o ~ i 4 I  

171?lCMadel izs5-111 1 N ,  1 Cai. 3 u e  I ! -  2 - q <  ,% x 



I 
PAGE 157 FIELD DATA ACQUISITION F O R M S  



FIELD DATA ACQUISITION FORIVS PAGE 158 I 
BACKGROUND DATA ..."I 

I . . . . 
01 U c v  4 q  

. .  . . 
Sire: d A S  S A C K S ~ W I L L E  WBS NO: Zcl 

. .  ., 
Daie:  

Technicians: S=VE UAESE / * I ( - s ~ ~ L  NAY Skg LOC. NO.: 08 

EFFICIENCY 

S i N  lD9699 Derecror S I N  

SIN l i 7  3 6 5  ( D e ~ e c i o r  Yi( -9 1 S I N  11 6 3 7 2  ( . 2 $ 7  

SiN  1 0 2 0 q G  C e i e c t o r  43 :b~  I SIN o9ia0ql/ I I 



FIELD DATA ACQUISITION FORMS PAGE 159 

B A C K G R O U N D  DATA 

Si te :  NAS TACK SON'^^ L LE wBS NO: 20 I Dare: 01 r JoV 5 4  

Technicj-ns: 5-E ~ I A E ~ E  / W. CARL M.CY E k g  LDC. NO.: 

Descriptions of Locaiian: ' I~TEZSELTIOA CF 54P1T0Ca   VENUE -0 3 3 5 0 ~  S R C ~  

i/iiA sli3~51WENTs c/jf a o d ~  c:? D O ~ G  U P  
, .  . . . . k k  447 

.;. ::.. . . . . F . . ' . : .  ;.::-.-.-cpm ( I ) , ;  cpm 12) cpm (31 - csrn ( G I  cpm I51 c w  '(6) I ~ W h r  (,Tic 
. , , . - .  

,@.i=&p/,, j42/x~ 4 1 3 7  : I  3; I + - - I  0 I &.r 
4 2 & / z  3 1 7 5  / 75-5 ! 6 I I &.a  
3 9 a 3 ~ ~ ~ ~ z ~ ~ q ~ ~ ~ ~  ri375 1 3 i  I 31 2 I I 6- 0 

I / ? < O T ~ \ ~ L  3q-3t3.1 / 2 1 . o I 3 , < 1  2 . 0 k 1 - 0  0,7 + 0.b ~ , 2  2 0 4 3  

I 
I I 

I I 
I I I 1 .-. 

I I I I 

D 2EMA RKS 
& Uom: h/l€a3~2FMEk... ~ ~ ~ 5 - r  L L F - J E L  W L T A  i u ~ 2 i u ~  i9- d ~ e / ~  

. . 3 +* R t P , ~ w a  ~ K F U  / f ; ~ y q c i 7 *  1 3  (7  LO^ ~ 3 4 1  2-3  ,+Q/RR 
I " 

Dk-a ( ~ e c ~ e a m  YY a. P;ae.s~ Fa UL LC=- <& 
I 

i' 



FIELD DATA ACQUISITION F O R M S  PAGE 160 I 
BACKGROUND DATA .- 

, .' :. . . . . . , . , 
, I 

Site: WBS No: Date: 

Descripiions of Location: UGST N PoAb N U  - Ac.zc55 F P ~  NAU b' LODG E <3;s'> 

INS Tr7 UMEN TS EFFICIENCY 
I 1 I I I 



FIELD DATA ACOUISITION FORMS PAGE 161  

BACKGROUND DATA 

site: N4S ~ A C ~ S U ~ J V I L L E  WBS NO: Date: LJGV 44 

INS TR Uh4ENTS EFFICIENCY 
r I I 



FIELD DATA ACQUISITION FORYvlS PAGE 162 

Site:  tJAS -TAcC.WV I L L F  WBS No: 

Descriptions of Locarion: GUILD PddD  NO=^ 7 3 c ; L D I N G  371 @ P,AErlhrL? 

Technicians: Bkg  Loci No.: 

B A C K G G O U N D  DATA . . .. 
. 

. . . . . ._.. . -I - > .  - 

+ +  1 ( 7 )  PIC Model ,? qU-11 1 SIN O O ~ C ) ? ~  (E) 1 Gal. DUE i l - ~ - q C  I 



FIELD DATA ACQUISITION FORMS PAGE 163 

- .  . . .  BACKGFOUND DATA 

sire: M,dS T ~ c ~ 5 O h l V l i L G  WBS NO:. ~' Dare: hr04 4$ 

Technicians: 



FIELD DATA ACQUISITION FORMS 

BACKGHOUND DATA 

PAGE 163 

site: hJ,dS J - x < s ~ W I ~ F  \'.'BS NO: ZOI Date: &( h i ~ V  94' 



FIELD DATA ACQUISITION F O R M S  PAGE 165 

BACKGROUND DATA 

INSTRUMENTS 



FIELD DATA ACQUISITION F O R M S  PAGE 166 I 

Descriptions of Location: MDL2TC.l  EN^ OF STAndN ~ V N D A Q ~  L l u E  0t.1 WST 

INS TRUMENTS EFFICIENCY 
I 1 



b 
FIELD DATA ACQUISITION F O R M S  

BACKGRO'UND DATA 

PAGE 167 

Technicians: P . Q R E ~ '  PAQPlsA G ~ ~ s A  SI- :C;VZ&S 3kg LOC. NO.: 1 7 

D ~ s c r i p i l c n s  of Location: bi15~itJ Pa40 .EAST 916s AC nos3 FEOM O F F  rc € EL 

! - bu5 iw& O ( J T S ! D E  F E N C E D  P A 2 L  A 2 f A  

INS TA'UMENTS EFFICIENCY 

i l l  Me;er  L u  D L v M  r9 SiN  9 54 i37 ( Derecior SIN 

(2) M e i e r  L Q ~ L U *  -z2tl SIN ~ ~ , !  o , ; ? ~ i ~ f  - 0  1 SIN rL5 ,070 

131 M e w  u 1 x U l w  727-1 1 SIN I 15 1 1 3  i C ~ : ~ C ~ C I  iiii -9  I SiN 116876 .z2 5 



FIELD DATA ACQUISITION F O R M S  



I I '  FIELD DATA ACQUISITION F O R M S  PAGE 169  

. B A C K G R O U N D  DATA 



FIELD DATA ACQUISITION F O R M S  PAGE 770 

BACKGROUND DATA 
r 

I Descriptions of Location: fd2Tl-4 r5 T PJ  IN^ tJ0cTLI W E S T  0 hl 5-i-477DN F % L ' N ~ & ~  LJN 



APPENDIX B 

GENFRAL ENGIhEEERIXG LABORATORIES: 
ANALYSIS i RESULTS 



Client: Bechtel 
PO Box 350 
Ozk Ridge. Tcnnessx 37831230 

Contact: Ms. Lcri Keilu - 

I Project k c r i p t i o n :  Cecil FieidiSX 

I! cc: SECH00394 Report D2k: 13+-bcr 01,1994 

Sample lD : =OX-21 SFS 

Leb KJ : 941!5j-07 
Mztrix : Soil 
Datp Collectd : IllLC?< 
D2k R e c e i v d  : 1 llC4,?4 
Riority : X u h  
Collccror : CGe=t 

Parameter Qualiner Result DL R L  U d k  D F  Analyst Date T h e  Batch M C 

Tc*d U x i u n  . U 0.670 +/- 0.01GO 1 .@I 1 .  ug/g 1.0 DGS 11/09/34 1054 56721 1 N I G t % x z  pE4 - 10 i : e . x~  
Csitlm- 137 J O . G M  i f -  0.0303 0.W5 , 0.1M Qg 1.0 MDS 11/10/?3 0737 57403 2 N 
P o : ~ s ! ' ~ ~ - 4 0  2.99 4- 0.703 ' 0.325 1.M pCYg 1.0 

I h h n - 2 2 6  J 0.703 +I- 0.093 1 0.G633 1.W pCYg 1.0 
Rdium-223 J 0.772 +I- 0.180 0.136 1.M $y 1.0 
' ? 3 o r i ~ - 2 2 S  J 0.782 +/- 0.0779 0.0803 5.W pCVg 1.0 

T:oT:-m-250 J 0.708 +I- 0.033 1 0.0504 1.00 -KLfg 1 .O ! - I zorium-23 2 J 0.776. +/- 0.0773 0.0797 ZOO pCi/g 1 .!I 

%rim-23 J 151 +I- 1.43 1.23 5.m pCi/g 1.0 

I u.-&~-735 U 0.05M +/- 0.133 0.23 1 1.03 $i/g 1.0 

u-~?&3573 8 J 131 +I- 1.43 1.23 5.03 S i ' g  1.0 
. - 



CEmt: Bechtel 
PO Box 350 
02k Ridge, T m a e  3783 16350 

C c n ~ c t :  Ms. Lori Kella 

Smple  ID : JX)r'ooOC.i SFS 

M = hletbcd Merhod-Duxlptlon 



CERTIFIC.ATE O F  ANALYSIS 
VA MIS1 

gNSSf;9 

Client: B d t d  
PO Box 350 
Ozk Ridge, T e n n a s e  375313350 

Contact: Ms. b r i  Kella 

a cc: BECH00393 Repon Date: 3tcer;Scr Gl, 19C3 P q e  1 of 2 

S m p l e  ED : JXQ2C62 SF2 
Lab ID : 9411C95-21 I M 2 . h  : Soil 
Dak  Collectd : 1 lKL% 
Dzte Receivd : 11!?&?4 

1. Eiority : Rlls'l 
Coilector : rie3 

Parnmeter Qualifier Rerult DL RL Units DF Annlyst Dafe T h e  Batch M C 

1.0 DGS ll/W/93 14M 56798 1 N 

1.0 MDS 1!/10/94 1911 57SM 2 N 
1 .o 
1 .o 
1 .o 
1  .o 



GENERAL ENGIKEERING LABORATORIES 

Client: Bchte l  

PO Box 350 
Oak Ridge. Tcznasce 378314350 

Contack Ms. Lori KeYer 

Project Descrjpdon: C s i l  FieldiJX 

S m p l e  ID : lXOCCC)3 SFS 
Lzb ID : 941IC1'5-OS 
M r 5 x  : Soil 
Dag Co1lec:ed : 1 1 / C Z 4  
D2k Reckvd : ! 1 /Gf: 
i + o ~ r j  . A,&- 
Collector . . cl:--. ---. 

Parameter Qualitier R w ~ l t  DL RL Ud& Dl? Xnslgst Date T h e  Batch M C 

Radiologic31 
TOM L k z I m  U 0.550 +/- 0.0 ID0 1 .G3 1.N ~'p 'g  1.0 DGS Il/G?ISI.? 1056 56721 1 N 
Gcrr;m PZA - I 0   ire,^^ 

&Irn-137 0.233 +I- 0.0502 - 0.C457 0.lN $iJg 1.0 MDS 11110/94 0738 57 i03  2 N 
?orus iun40 1.15 4- 0.453 0.350 ; 1.G3 p%g 1.0 
3:dilm-226 J . 0.457 +I- 0.120 0-m19 1.W ,@g 1 .O 
R x l : m - 2 2 8  J 0.560 +I- 0.172 0 27s I.G3 $i'g 1 .0 - 
1 ncillm-228 J 0.529 +/- 06956 0.0672 5.M $3; 1 .O 

33criun-230 3 0.457 4- 0.120 0 . W 9  1.N $9: 1 .O 
3on.m-232 3 0.525 +I- 0.@48 0.0666 2.03 $3: 1 .O 
Dc+21-234 3 1.47 +I-1.11 135 5.W ,1CiJg 1 .O 

L'z31m-235 U 0.C907 +I- 0.145 0.251 1.03 pZ2g 1 .O 
L k i m - 2 3 8  J 1.47 +I-1.11 1.35 5.M $ifg 1 .O 

M = h f e t h d  M e t h d - k r i p t l o n  

hf 1 - .  EPI -A-?Z 
M2 FXSL 3.3 



+ ESC/,\. 
% -5 

w 
Z, -. GENERAL ENGINEERING LABORATORIES 

G r - y  G r L l d l o n r  
C . ,C* M ~ ~ : i ' n g  roday's neeis rcirh n ~ i s i on ,h r  ro:~:orrow. STATE GFL 
7 

EPI 

*o $ 
FL EX156fd72p4 ES747~7458 

8-1 TO p~c5' NC SC 233 I013 10SE2 
T?i 03M 

CERTIFICATE OF ANALYSIS 
VA Wl5l 
l+T h?36579 

Client. Bcchtel 
PO Box 350 
Oak Ridge, Temesser 3783 1-0350 

Contact: Ms. Lori Keller 

c: BECH00394 Report Dak: De-ber 01, 1994 Page 2 of 2 

Sample 133 : JXOOOG3 SFS 

This d2t3 r e p t  h s  See:! prepved 2nd reviewed 
Li u r d m c e  wirh Gened Engintey~g Labcrz~r ie s  
s h d d  operzting p : d % - c ~ .  Pleae  direct 

m y  questions to y o u  Eqkt Mznager, Wink: Seibert z t  (803) 769-7323. 



GENERAL ENGISEERING LABORATORIES 
L h r a l c r y  Ccrlllldl0r-r 

Meeri i~g  rodcy's ~;ee&s ~cirll n visiot~ for lotr~orro~v. STATE GEL DI 
n . E87156.'652P1 ~ 5 7 c 7 7 m 4 5 3  

VA Mi51 
CERTIFICATE OF ANXLY-SIS w W S ~ P  

Client: Bechkl 
PO Box 350 
Oak Ridge, Tccnesse 378314350 

Conkct: Ms. Lori K e I u  

P M ~ K ~  Description: Cecil Fielam 

C cc: BECHDO394 R c p r t  Dzk: Cecexber 01,1994 Prgc 1 of 2 
- 

P Svllple ID : JX C.3-3.M S FS 
k b  ID : 941185-16 

hhz ix  : Soil 
Dzte Collected : 1 1iE?4 a Bate R m i v e d  : 1 l/CL% 
P r i o ~ i q  : R * s 5  
CoEec!or : C l k t  

I Psrameter Qualiiier Result DL RL Unltr DF Xnalj'st Dale Tlme Batch M C 

I 
Notes: 
The q u d i i i e r s  k h's repxt  i re  C e f ~ ~ e d  2s fcL!c-gs: 
J indicates gesence of zr,z!y:e < RL (Re-35  L:L:) 



W 02941 

CERTIFICATE OF ANALYSIS 
VA OOlSl 
Y;I % 9 m 9  

Client: Bezbtel 
PO Box 350 
Oak Ridge, Tenness& 37831-0350 

ConLyt: Ms. h r i  KcUcr 

cc: BECH0039.1 Report Datei k c e m b e r  01, 1994 Pzge 2 o f 2  3 
Sample ID : JXWJM SFS 

31 = h l e i h d  M e t h c d D ~ c r i p t l o n  I 

Ilhis &la repcrt bu been prepared and reviewed 

in -;dame nith G e n e d  Engineering Lborabr ies  
skndtd opezticg p~&n:es. Please direct 

g y  q~esdons  to yo's ? r o j ~ t  Mznager, Winr-r SeiSc;-r r t  ( S G 3 )  75C-7588. 

P 0 3o.r 507 i 2 ~ h 3 r l z ; l o n .  SC 291  17 (303)  556-517i - Far ($02) 766-  1 17s?<ll@9~-16* 
I) 

? - II' P7k!~5!  cn f::\:!<.! 



I Client: 1 3 ~ h t e l  
W Bcx 350 
Oak %dgc, Tcnnmsec 37E1-0350 

3 ContacC Ms. Lcri Kcllct 

Project Description: Cecil Ae!d/SX 

I Report Dak December 01.19SS 
Page 1 of 2 a: BECH00394 

Sample ID : MC*jCK)S SFS 
Lab W : C41!095-17 

l Matrix : !%I 

Date CoUectd : ll:P%4 
Date R u i v d  : ll.G&'4 

: h i  Prioriv 
Collector : CEezt 

-' ' 3  DF Analyst Date Tlnc Batch hi C 

Radio!o$csl 
Tad U 4 m  2.03 '1- 0.0503 1.53 1.02 u 1.0 DGS 11109194 1354 55798 1 N 
G c ~ r n a  PHA - 10 ire,- 
Ces im-  137 0.109 +/- 0.0353 0.0315 0.1C.3 pCUg 1.0 MDS 11110134 1416 574'24 2 N 

r 5.12 +I- 0598 ' 0.307 1 1.0 ' 0 

0 

J 2.09 +I- 0.895 1 .OS 
C . ,  ' 0 

EPI -.A-023 
'XASL 300 



GENERAL ENGISEERING LABORATORIES 
Lhdorj CrrtLndlonr 

,Veering todny 'J x z e h  u irh visiot~ for ;otrzorrowa. STATE G E L  Df -1 
n E ~ ~ I W ~ W  Ej747X7d58 . , 
NC 233 
SC 10120 105E2 
RI 0293 
VA WlSl 

CERTIFICATE OF ANALYSIS HT 9 5 9 ~ 5 7 9  I 
Client: B ~ h t e l  

PO Box 350 
Oak E d g e ,  Tennesse 37831-0350 

Contact: Ms. Lori Keller 

K: BECHDO594 Report Dak ikcenber  01. 1993 Pegc 2 of 2 I 
Smple  ID : JXC-335 SFS 

h i  = Met bad Methd-Decript ion I 

This d 2 h  report h x  bezn prepaicd 2nd reviewed 
in urcordane with General Engineeriig LaSorzaries 
stzndzd operating p ; d u r e s .  P l eae  direct 

zay qutstions to yom h j e c t  M a a g c r ,  Wir.:er Seibert e t  (S03) 762-X68. 



CERTIFICATE OF ANALYSIS WI 9 ~ 3 ~ ~ 7 9  

Client: BecbteI 
PO sox 350 
Ozk Ridst, Tenncssx 3783 1-0350 

Conkst: Ms. LDri Keller 

Project Desc3ption: C e d  FieWJX 

Pzge 1 of 2 

S ~ ~ p l e  ID : RE0006 SFS 
Lab LD : S:! 1095-13 
Matrix : s.33 
D a k  Collected : 11!01/94 
Dzre R=:vd : 1 !;%/94 
Priority : Fcsi 
Collector : Czcnt 

Parameier QuslLqer !qs .s t  DL 25 U%/s DF .4nalgs: Date Time Batch M C 

1 .CO 1.W ~ g f g  1.0 DGS 1!/03,?4 1343 55798 1 N 

1.0 MDS 11/10,% 1050 57401 2 N 
1 .o 
1 .o 
1 .o 
1 .o 
1.0 
1 .o 
1 .o 
1.0 
1 .o 



Client: Bechtcl 
?O Box 350 
Oak Ridgc, Temtssee 37831-0350 

contact: Ms. h 5  Keller 

Project Description: Cecil FieldJX 

Sample LD : JX03336 SFS 

hi = Method Methd-Dr~cr lp t lon  



PO Box 350 
O& Ridge, Teoncssx 37831-0350 

Cantact. Ms. Lmi Keller 

Projeft Description: Cmil FitldlM 

cc: BECHCo391 Repan Dab: % c a b e r  01, 1993 Page 1 cf 2 

Szmplc I13 
Lab ID 
M?.hfx 
Date CoUec:d 
Dzte Rczeived 
Pri0r;ry 

: lXCC-3U7 SFS 
: 9411235-14 
: Soil 

I 
CoUcctor : CEezt 

Parameter Qualifier Rwul t DL RI, Uniis D F  . b a l y s t  Dnte T lmc  Batch M C 

1-52 +I- 0.0200 1.00 1.03 ugfg 1.0 DGS 1!/09/33 1345 56798 1 ?4 

. . 

1.0 MDS 11110r34 1133 57<?4 2 N 
1 .o 
1 .o 
I .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 

M = Method Methd-Descri~tlon 



Client: Bechkl 
PO sox 350 
Oak Ridge, Tennessu 37831-0350 

Contact: Ms. b r i  Kellcr 

Projert Dtsniption: Cecil FieldlJX 

cc: BECH0039: Report Dak: December 01. 1994 Pzge 2 of 2 1: 
Sample LD : JXPzX-37 SFS 

hl = hiethcd h i e t h d - D ~ c r i p t l o n  I 



GENERAL ENGINEERING LABORATORIES 
bbrdw C c r l l f l d l o r ~  

CERTIFICATE O F  ANALYSIS 
VA OOlSl 
Fn % 9 m 9  

Client: 1 3 e b  ttl 
PO Box 350 
Oak Ridge. Tcanesset 3783 13350 

Contact. Ms. Laii Ktlles 

Pmj-t Description: Ctcil FlcIdiJX 

c: BECHW394 Rep r t  Date: Cy-ber 01, 1994 Pzge 1 of 2 

0.1m $i /g  1.0 MDS 11/09/34 1527 5 7 4 3  2 N 

1.m ,1Ci/g 1 .o 
1.00 ,1Ci/g 1.0 

1.00 pCi/g 1 .o 
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interoffice Memorandum 

TO H. Bauer 

SU~W Portable Survey Instrument Response 
to Residual Radium-226 Activity 

R.B.Bart>er 
R. L. Freemerman 
M. H. Haghigh. 
E. M. McNmee 

February 3, 1995 

ti. Wdker 

Navy R4C 

Oak Ridge m 2202 

To characterize the residual radium226 activity in situ zt NAS-JAX, the field insrrcrne~t 
readings must be ccmbirlcd with a cocversion factcr appropriate t o  the Seometry of the 
residual source. For radium-226, germa measurement is the most secsitive technique fcr 
chuacterization. Two portable survey meters are utilized for gamma measurement on this 
site: 

2" x 2" Nzl detector: Ludlum 4 - 1 0  .. 

MmoR Meter: Ludlum- 19 

Two in situ source con-6gurations bay: been cccsidered in the detenninrtion of conversion 
factors: 

- distributed (infirite) source 
pht source 

A. Distributed Source Responss 

The primary instiwent to be used for final verification shall be the 2" x 2" Nd detector; The 
MicroR Meter may be used to suppas the conclusions based on the 2" x 2" NaI detector. 
For performing find verificatin suiveys, a s s u m  that the residual activity is comprisedof an 
infinite source of uniform activity distibution The response of the 2" x 2" NaI detector to 
radium-226 urtifomJy distributed in the soiI is shoxn on Figure 1. The normd protaccl is to 
measure on the su r face the  upper response curve. Xote frcm this curie that for luge 
excavations (> 5m radius), the resporse of the defector is approximately: . , . , 
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The criteria for unrestricted release (2 5 pCi/Qm) would be met for a 2" x 2" Nd detcc~or 
response of: 

R, < 4,750 cpm above background 

This cume may also be mad to approximate the radium content of excavated materid. Far 
example; an excavated vo!ume of 1 A', reading 15,000 cpm above backgoand, could be 
estabiished by; 

The response of the McroR meter is based on the relsticnships derived from the backgroucd 
comparison with the Reuter-Stokes p;essurized ior  chmber. These r e l a h s h i p s  were as 
foo!Iaws: 

Meter No. 95487 R, = 0.76 DY ( m r )  
I 
! \ . -. 

MeterNo. 1G9SF9 % = 0.53Dy (CLn/hr) I 

The measured dose rates @y) from the instrument response &j may then be converted into 
an equivalent inSnite source of radium-226 using a conversion factor estiinated from the 
shielding code - Microshield: 

For meter No. 95487: 

. , .  

A MicroR meter reading of 10 pRk sbovc background would be eq~ivalenttia ' iesiduzl . . :.: 
distributed activity of: . . , . . 

. . . , . .  . , 
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..--y-, I . . , . . , ,  

,.:::. j ..... I 
, : 

I NOTE: This protocol is only valid for "in6nitc sources and should not be used to ertimre 
activities in excavated material. 

B. Point Source Response 

Conversion factors were derived for both the 2" x 2" NaI detector md the McroR meter for 
estimating the amount of activity in a radium-226 point source. These relationships were 
derived fiom point source attenuation theory and the response of each meter to  a cesium-137 
point source. These response relationships are shown on Figure 2 for the 2" x 2" NaI 
detector and on Figure 3 for the M&OR meter. Note that for both detectors, the measured 
response deviates from theoritical point source theory at distances apprcaching contact pith 
the source. This is due to "finite" detector vohme, which approaches a point with iccreasing 
distance from the soure untiI the eEectivc source-detector geometry is point-point 
(theoretical). %%en uskg these cunres to estimate the activity of a point s c u m  from the 
rzeter reading thecurves IzbeIed "response" should be used. For example, a 2" x 2" b'd 
6etector on "contzct" with 2x1 unshidded point source "device" that is reading 70,000 cpm 
above background will result in an estimated source activity of 

It should be noted t h ~ t  this protocol riill not be ap~liczble for estimatir.~ ihe zmount of 
activity in a point source that is shielded (e.g., buried). To use an zpproach such as this, the 
contact readings of the hot s2ot a r m  in the PSCs would require correlation with supplinental 
measurements, taken zt distances above the surface (e.g., 1.0 ft and 3.0 ft). The normal 
procedure for subsurf2ce characteriation is borehoie loyghg, whish was outside.the scope of 
t h i s  task. 

If you have further questions on this, call me at (615) 220-2202. 
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