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SUMMARY

C NINETY-NINE IN VIVO LUNG COUNTS FOR N AIUR AI URANIUM WERE

PERFORRED ON fJlNElr-NINE PEOPLE DURING lilE PEUlOD 01- OC10BER 4 THROUGH,

OCTOBER 6,-191o.,

e

& EIGHT OF THE NINETY-NINE PEOPLE Sh0WED POSITIVE RESULTS FOR<

]
URAlalUM-235 WITH A MAXIMUM OF 82 1 67 MICROGHAMS, COMPARED 10 A q

!

MAXIMUM PERMISS]BLE LUNG HURDEN OF 180 MICROGRAMS. IN AllulHER TEST OF
0; THE SAME DATA IN WHICil ONE OBSERVES THE PHOTOPEAh5 FROM PROTUACTINIUM- j

234 AND -THORIUM-2,14 AT 63- AND 93-KEV A TO1AL OF 78 POSITIVE RESULIS i

WERE DB1A]NED WITH'A MAX 1 MUM OF 16 1 2: MILLIGRAMS OF NATURAL URANIUM,,

0" - ASSUMING' EQUILIBRIUM Cuf4DIT10NS PREVAIL. THIS'MAYBE COMPARED hlTH A i

.
- l

-

' MAXIF1UM PERMISSinLE LUNG BURDEU OF 25.6 MILLIGRAMS OF NA10 PAL URAIJ1UM.

WE CAN NOT STATE AN OPIN10N UN WHETHER OR 140T EQUILJBR10M CONDJTIONS

@' PREVAILED- A l' THE'l'IME OF MEASURMENT SINCE WE DO NOT KNOW 1HE TYPE OF

wuRK PERFORMED BY THE INDIVIDU ALS AND Tile RELAIluNSHJ P OF THE18 WORh

TO THE -PROBABILITY OF INHALING SEPARATED DAUGH1ER PHODUCTS WHICH ARE j

O? NOT IN EQUIL1hR10M W1'lH URANIUM-238.

. .1HREE INDIVIDUAL,S WERE ANALYZED FOR RADIUM 226. 110 ACTIVITY O rilER

IHAN THE NORMAL OCCURHlhG PU1ASSIUM WAS OBSEPVED ON THESE INulVIDUALS.

k RESULTS FOR EACll INDIVIDUAL ARE LISTED IN APPENDIA 1.

.
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1. EQUJPPEiif

A. M O H il,E IlJ VIVU COUN11NG SiSfEMS FOH M l x El, FIbblUh,
AC11VA110ff, AND CUHHUSloN PH000C1s (NFACP), P AD ilu1 ANP

] NATUHAL TH0H1UM
V

lHE DEfEC10HS USED FOR MEAhtiPING t ra V1vu
DEPOSITIONS OF NFACP, HADIUM AND THUHlUM APE 8 - l N C lie S IN
DIAMElEk BY 4-INCHES 1HICh AND ARE MADE FHON 1 H A bl. l u f4
ACI'1VA1ED SUD10A IljDlDE, IJ A l l l L ) . SUMt. Ut THESE DEIEC10HS
USE 3 EACH THHEE-INCH DIAMETER PHu f 0MULT I PI l e;H 1UBES FOR

3 EACil CHYSIAL, uiHERS USE A SINGLE FIVE-jNCh DIAMEIEH
PH010 10BE. ThE RESUI;Ulloa OF THE DElLC10HS IS 8 . 5 ?n UH
utT1EH FOR CESIUM-137 4 HEN MEASdHLD IN AN ESSEN11 Al,l. i

SCA1TEH-FHl2 UNVIRONMENT. TiiE OdfPUT SIGNALS FROM 1HE
DElECTOR AHE USUALLY FED 10 A 256 CHANNEL Pul.SE-HEIGHT
AHALYZER, AbfHOUGH IN SOME CASES A 128 ChANDEL ANAL,YZER

3. 1S USED. UUTPUf FROM IHE ANAL.iZEH f1 A Y bF OB1 A1 f4ED 1b

|SEVFHAL FUHMS: If mat aE PilNCHED IN blGi l AL F ORM A1 HN
PAPER TAPE BY A HIGH SPEED PAPER TAPE PUNCH, Il MAY hb
TYPED A NI) PllNCHED BJ lHE li l G h SPEED PlikCh AND A ll IBM
COMPU1EH liPMWPITER, UR UN A TELEriPE. If MAY A L.S U HE,

"
HECONDED un NM;NEl lC TAPE, IT MAi HE DISPI,AiED lh ANAL;UG

D FORMAT UN Ah USC il.LOSCOPE , OH If MAY HE GHAPHED I fl A N A btK;
FORMAf Of4 AN X-Y HECORDEH. IllE DETEC10H SIGf.ALS AHE ALSO
PASSED THHUU(;H A LOGAH11HMIC COUN! HATE ME1EH, 'lHE UUTPUT
OF WHICH IS FED 10 THE i AXIS OF AN X-Y PECUHDER wHILE

'

IHL A AXih HECEIVES A LINEAR VOLIAGE PROPUHTIONAL TO THE
1.UCAflON OF THE BED AND UETECIUP. f HilS , UNE M A i U61 A I N A

3 P l.01 UF COUNTING HATE VERSUS DISTANCE ALONG ThE BODi.
'

THE SHItLDING F08 MEACP COUNTING IS 1hE STANDAbD
hhbGESUN NUCLEAH SERVICES, INC. Sil ADuW SHIELD hHilbt BUDY

,

COUNTEP. THE DETECTOR IS SUHPOUNDED BY 4-INCHES OF LEAD I

A f4 D THE S|lBJECT LIES ON A BL Af4K E1 OF LEAD WhlCHHAS ANs

3- EVU1 VALENCE UF 4-INCHES OF LEAD. THIS AND ALL Tilt

El.fCTHONICS PI;U S NECESSARY ACCESSOHIES SUCH AS HUSIC,
LIGHTING, CAHPETING, E1C. ARE CONTAlflED IN A1H-
CONDITIONED SEMI- 1HAILEH VANS. UNjI DO. 1 IS 24 FEET

LONG BY 6-FEET W1DE AND UNlr NO. 2 IS 35-thET LONG BY 8-
F EE'l 41DE.

"

B. M0b1LE IN VIVO LUNG Cullf1 f 1 NG SiSIEM FUH U H A N I U P - i. 3 5 ,
AMEHICIUM-/41, PLU10h10M-23H,9, AND LEAD-210

lHE DEIEC10HS USED FOR MEASUHING 1tlNG DEPUSl fluNS
UF 1HESE MATEHLAI.S AHE A PAlH OF 5-INCH DIAMElEF "PHUS-

C blCH" DE1EC10HS. E ACli DE1LCf0H CONSib fS UF A fFUbT EN1 -
HANCE WlhD06 NADE OF 0.010-1N011 TillCA bb kibbillH f41AL,
A NAl(TL) CHiS TAL hillCH IS 0.b-INCHES 1 HICK 10 hHlCH IS

| OPTICALLi COUPLED A 1.5-INCH IHICK CES1UM IUDIDE ( 501)l b M
| AC11VA1EU) CHYSIAL. A S1NGLE b-LNCH D1AME1EH ELEVEN

DYNODE PHUTOMULilPl1ER VIEnS THF 1,1GH1 PULSES FPOM B 01 H
CHYSIALS. THE SIGNAL,S FHUM A PAlH OF THESE DE1ECTUHb APE

O
-G

1
:

P
|
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F E. 0 IN PAHALLEL 10 A Lur.-NOISE PHbAMPLitith AnD 1HEh 10 A
[ PULSE SilAPh DISCHIMINAflOH NET-WORK WHICH SEPAHATES PUHL
j NAl(fL) S IGlJAl.S FPUM ALL (ifHEH b l G tJ A L S . A MLAbukEO
! O REDUCllON UF A FACf0H OF 20 10 CUFF 1UH SC ATTE HEDSd bAChGHUUND liAS B LEfJ OH 'l A I N E.D IN THE UHAfl10M-235 E hul uPE A A

FEG10N THROUGH THE. USE OF 1111S SYSTEM.

THE SAME ANALYZEHS AND OUTPUT liEVICES DESCHlbED
AbuVE FOH MFACP CUONTING ARE AVAILAHl.E FOH THE LUr, til E H Gi
C u thv11 flG . THE SHILLDING FUH TH1$ W U H l' 16 A 701 ALLY

O bhCLOSED SHIELD F11H THE EVu l V ALEi41 01- APPHUX 1M All.LY 3-
1NCHES uf VIHG1N LUAU. TH1S EQUIPMEH1 1S HOUSE.D 1N ll N 1 T
00 2, WillCli IS A 35-FOUT 1.ONG SEMI-1HAILEH.

C. "DU-Il-YOURSELF WHOLE BODY COUNTERS" (TM) FOH HFACP

Q 'l tlE "DO-1T-YOURSELF WHOLE HUDY COUUIEH" (TM) 13
BUILT QUllE SIMILAHLY 10 lHE STANDAHD llELGLSON UbCLEAk
S E.k V I C ES , INC. SHADOW SHIELD WHULA HUDY COlHlTEP , l.E., If
IS HUlbf UD lHL PRINCIPLE OF SNADUk Sill ELD l h G. THE
PHJMARY DIFFLHEUCL LIES IN IHE FACf fil A l THE "DU-l1-YOUH-
S E l. F " O t:IEC l OH '4 0 V E S UVER THE SUHJEC1, e.HILE LW IHE

O SIANDADD Sil ADOW SHIELD THE SUBJEC1 MOVES BELLATH A
S I ATif,N A R Y DETECTOH. UUlwARDLY, fHE DELEC'lOH HOUSikGS OF
bl TtitH SH IEl,0 LOOK QUIIE SIMILAH. THE HED UF THE " DU- 11 -
YOURSE.LF WHOLE HUDY COUlJfLk" (IM) LUOhS LIKE A STAlhbESS
STEEL BAfH TUH WHlCil HAS 1WO INCHES OE VIPGlh 1.hAD IN 1HE
SIDES AND UN IHE BUTTOM. FOUR I N C ht:S UF LEAD AkF USED

O AROUND THE DhTEC10H.
(g)

.

;

1HE DETEC10k CUNSISTS OF AN 8-lhCH DIAMb1Eb Bi 4- '

INCH IHICA NAl(fL) CkiSIAL AND, IN NOST SISlLMS, A SlWGLE
5-INCH DIAME1ER Pilu rONU L f ! PL I ER Tube. THE ELEC1HOklCS
ARE VERY SIMILAR IN FUNCfl0N HUT AHL DIFFERE N1 IN

d CONSTHUCTION. A MINJ-COMPUTER IS USED MUTH AS A IWGI C
CONIHOL DEVICE AS WELL AS A MULTL-CHAkHEL PULSE HEIGHT
ANAbyZEH AND MUL11-SCALEH. lHE C04PU1EP 15 PHUGRANMbD 10
ASK THE SUBJECT FOR lilS N AME, SOCIAL SECUHilt N U Ml! E H , AND
Ull1ER DA1A FOR IDEhl1FICAflDu UH PHYSICAL CHAHAC1EklS-
TICS. I f ALSO GIVES tilM 1hSibilC110Hb UF vHAl ACllONS HF

O S H O U I,D TAhE f u Cuf1 plt TE l hh Cuth)1 AND 'l H ANSMll ThE DATA

10 Itil HOME UrFICE AT 1HE END OF HIS C O U ls 1. lHE DATA
18ANSMISSluN IS ACCOMPLISilED HY STANDARD IELEPHOLE LinFS
b E I w E E.W THE HLMU1E S1Tt: AND THE HUME OFF1Ct. OF HELGESUN
NUCLEAR S t:h V I C E S , lhC. IN FLLASANTON, CA.

O. D. HOME OFFICE EQUleMEh1

A NUMBER UF U1FFEHENT COMPU1ING S(SIhias AHr. USED
IN 'l H E HUML OFFICE. 1HE Mala SYSIEMS APE DIGITAL
EQUIPMENT CORP 0 HAT 10N PDP-8 SEHLES COMPU1LHS W11H UP TO
32h UF COPE, DISK S10HAGE IN EXCE:SS OF 3.7 MILLION WUHDS,

.O A l. O ESSLNflALLY UNLINilhD MAGNETIC 1 APE STORAGE. 1 H Pll T
! MAY bE UbTAINED EHbh PAPER TAPL, NAGut.11C 1 APE, 015h,

.
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IELEPHONE luPUI VIA A SEPARAIE MESSAbF tiAhubihb CUNi O FEH
UH bi MANUAL INPUT F HilM IHE F1 W T I NF-bil A P t.b 1 Elm 14 A LS
WHICH AkE PAHf UF lHIS SYSTEM. UUfPu] MAY HE Ub1AINED id

A 1HE F0FM OF pal'EP FAPE, NAGhETIC TAPE, UlSh,D obc 1LLOSCOPE, I tJCHE NEN T A L PLUrlER, X-Y P1,U T T E R , HIGH
SPEED LlHE PRINTER, OR HARD AND SOFT CUPY DA1 A 1EHMl N ALS.

DATA HEING HECEIVED OVER IliE TELEPHONE lil fik S iROM
1HE "DO-lT-YOURSELF" CUUNTERS ARE FUH.'1AIJED BY A SEPAbATF

- HESSAGE HANDLING CUMPUTER WHICH MAi bE CthJNECIEb Di
D' DIRECT LINK TU THE MAlu COMPUIEH S t S1 L;1 UH ntlOSE UUIPut

ti A t HE UMTAINED 1h PAPER IAPE, MAGuhTIC TAPE, UU DlSK
FukMA1.

11. CAL 18 HAT 10t4

8. A. CA1.1BRATION FOR ENFHGi VERSUS CilANNEL, "htV/CHANLFL"
,

|
1HE DEIECTOH AND A N A L Y 2,t.H ARE CALlhHA1ED DAlbi F0H

CHANNEL; VEPSUS ENE.HGi USING TIiB 1 F C li N I V U E OF HEATH
DESCRIBED IN 100-16880 FDP M1AED lISSIPN, AC T I V A 'l l U N ,
AND CORROSION PHODUCFS, ThE E N Eld G ( CALIBHAT100 1S

?: DEFERMINED POR EACli COUN) SINCE A SMALL AMEHICibM-241
SOURCE IS ATTACHED TU 1HE SIDE OF THE DE1FCTUH. 1HUS, HY
USING THE 59.6-hEV X-hat FHUM AMEHICIUM-241 A1 'l H E I.0 4
ENEhGY END UV THE SCALE AND ElfdEH 14ATURAL PUTASSIUM FROM
1HE SUBJEC1 ( UH DETECTOR J WITH Ad ENEHGY OF 1460-hhv AT
THE HIGH END OF THE SCALE, UR A N O Tile H FNOWN PHOTUPEAh,

3 SUCH AS filOSE FROM CUH Ab r-no, Oub HAS 1WU ANDAN ENEbG1ES
O WHICH MAY HE USED AS PEFEREUCES FOR A GAIN AND ZEF0 NilF1

'

UF lHE DATA. THIS ASSURES rit A T 'l H E ENERGY-10-PULSE
HEIGHT CAblBRATIUh MAICHES THAf GIVEN Hi HEATil. ~liPICAL I

HESilb rS SHOWED T H A'l fiiE EhEHGY CALIBPAllud WAS wilHIN AN |
AVERAGE OF U.5 CHANUELS UVER THE ENERGY HANGE OF 0.00- TU 1

3 2.6-t1EV.

FOR UHANIUM-23b COUNrlNG Tile EbbPGY CAblbHA110h
|WAS SET USING THE OU-KEV PHOTOPEAA FNON AMEHICIUM AND IHE

166-hEV PtiOTOPEAK FHOM UHAN10M-235, WlilLE FUk AMERICIUM-
241, PLUTONIUM-238, PLuludlUM-239, AND 1.EAD-21U THE GAlh I

Cs IS SET USluG THE 17- AND bu-6EV Pit 0TOPEAFS OF AMEHICIUM-
241 AS IHE CAblBHA110N STANDAHD.

|
6. C A b i ts R AT idu S FOR DETERMINiuG CAbihxATION AND SCAllEP

FACr0HS, " COUNTS PEP MINUTE PEH NANnCUkIE, ETC."

O. FUH COUkilNG UVEk lilE ENTlHE BUni ihE SYSTEM WAS
CALIBHA1ED F0H SENSIIIV11Y TO VAHluuS P A fs l u l S010P FS b)
PI,ACIDG UP TO 240 SMAl,L UNiruki AC r l il l l Y SOUPCES IU SUGAR
PHAN10MS willCil B ANGED IN WEIGHTS FROM 2/ Po0NDS 10 270
POUF 4DS. lHE SuuhCES WEHE UNIF0HMLY DIS 1HIBU1ED IN THE

~
PilAhruM SINCE LT IfAS DEEu SHOwN Hi PHEVIOUS hubF 1HA1
Th1S DISTH1HUllOU PPOVIDES RESUI15 All1Cli ADEQUAIELY
BEFI,ECT lHE RESULTS Ob1AINE0 wi1H NUh-UNIFUHM DISTb1HU-

pd

D
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flON, SUCH AS HIGH f HE FOUIJI) AllH i d SO LU H l.E P Ak11 CitL A I L S
DLPUS11ED 1 11 IHE LUNG. lHE CAI,1hHA11UN FAC10HS VAHi v. l T h |

bODt WEIGhr AS DO fHE CUMPllN SCA11EH FACIDHS. IN NOS1 ;

CASES Tt1ESE C AllHhA flud FAC10HS elAt HE HEPHt.SLN1ED Ab THE9bq ,

SUM OF TWU EXPONENTIAL COMPONENTS. APPFNDlx 11 LI S1 S '

PEHflNEN1 CALIBHATION DATA. ALL SOUNCES '.tHE VEHlFIED ASv

TO Tiltlk STHLNGill BY INDEPMWDENT LAB 0HATUkiES hHO C At!
HEFEPECE lHElH SOURCES 10 Tris NAflONAL bilk E A U UF
S1 AND AHDS.

O CAL.16kAfl0NS FUH UHANIUA-235, AMLHICIUh-241,
PLUTUNIUM-23R, PLU10NIUM-239, 1 HOR i llM , Atl0 UH At410 A-2 3 3
(WITH UHAh1UM-232 Col 41 AM it. A 110N ) HAVL blCEN MADE. By

"

DISTRIBUTING MAN 1 SollHCES OF ANUAN AC11vlTIES IN A
Ut:1FOHM 14ANNER Ill A MASONITE PHANfUM LUNG OF VAHilNG
THICKf4 ESSES. THE UHAN1UM-23S CALIBRATIONS HAVE ALSU UEEN

3.2 CHEChED BY COUUf1NG THE LUNG AHEA 0F T H L' HlCMAB PHAN10M |
USED BY THE Y-12 PLANT, UNION CAHOIDL C O H P 0 H A'l l O N , OAh '

H l D G E. TEdNESSEE. THESE RESULIS A G H E r. 'G L L W11H IHE.

MASONilE CALIBHAlluN HESllLIS. IF THESh TYPES OF
NEASbbEMEN15 A E. H E. PEHFUHMED AS A PAH1 UF THIS FEPOHT,
APPLWDix 11 CON 1AINS ThE APPROPRIAfL CAblHHAllON DA1A.Q:

AMEHICIUM-241, PLUf0H10M-238, PLUTUulUM-239,
i llu R I UM , AND UH ANIUM-2 3 3 C ALI BH AT10tJS WERE PERFORMED IN
1HE SAME MANNEH AS UHAN1UM-235 EXCEPT lil A1 ho CHOSS-CHECb
II AS B L E.N DUNE nlTH IHL Y-12 PHANTOM. PLU10N J Uti-2 3 8, A N i>

PLllTONIUH-239 CAblBHAT10N FACTORS cHICH HAVE HEE N

D ,)
PhDVIDEU bY P. N. DEAN, LilS A l;A D O S SC I EWT il IC( LAHUHA10 HIES, AME H O U'l 1 N E L Y USED.

|

111. COUNflNG TECilNIQUES |

A. MIXED FISSION, ACTIVATION AND COHHOS10N PHODUCTh AND
d HADIUM-226

TriE CUllN flNG TECtiNIQUES FUH 1HE N UH i l;E COUNIEFS
AHL DESCHIBt(> IN THE FULLOWJNG PAHAGRAPh. 'l HE COUN I I NG
'l ECilN IQllES FUH THE "DO-IT-YOOHSELF wHOLE HUDi C O U ni T E H "

i VARY ONLY S L I GttT L Y FHOM f ri A1 DESCHIHED HLLOW, THE
C' PHidCIPAL DIFFERENCE BEING 1HAl 1HE DE1FCTOH 40VES UkER

I H L. SUHJECf AS OPPUSED Tu rite SubJEC1 NOVILG UNDER THE
DETECf0H AS 1N THE MUHILE SYSfENS- ANOTtit H M1NUR
D I F F t.H b H C E LIES IN THE FAC1 FHA 1 THE 'TFC1UR MOVES THE
SAME DISTADCE FUH LVEHY SOHJECT HEGAHI .SS OF THE HEIGHT l
OF lilE SUhJFCT. l

1HE SHADOW SH iliL D WHULE du ( CnUu1FH bhlbr bY
i HLt.GE60N HUCLEAR SLHVlCE.S, INC. FOI,LUh8 CLOSELY 1hE OASIC

| PH I NC I P1,E.S OF 11S UHIGINAf0HS, H.E. FALMEh AND W.C.
'

H U ESC ri . 1HLY HAVE bHUAN IHAf if A SUHJEC1 IS Pl. AC ED e.1 1 H.

. HIS HEAD 4 ItJCHES 10 UNE SIDE UF THE DE1EC10H AND TH A V El,S
D SU (HAT HIS FEET AHL 4 INCHES UN THE OlHER SIDE UF THE

DETECIDH AT IHE EdD OF lilE CUUNT, '3 5 - P E P C t N 'l UE AI.L lilE

' '

9

i
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CUU N f l!1G I N F 0 H t4 A T I O N L il l C H COULU HAVE Uhru Ub1AINLU Hi |
I F A V E l,l fl G .A h INflNilE DlblAhCE UN C ll tih H SIDL UF IHF |
DElECIDR WILL liAVE t$LEW UofA1HED. IhUS, TAPES CAllHPAfED

^e lh FEEL AND INCHES llAVE BEEd PLACED UN lill F LUUR OF THE -

O
- Co u til hR nllH THE ZEHU INCii MAHK LOCA1ED U INCHES FHUM fnB |

CENTER LINE OF TliE CRYSTAL. TO PUSITION A PtHSON
PHUPEHLi ONE iJEED MUHtELY PLACE lHE Huf TOM OF HIS FEET AT
A DISLANCE WHICll COHHESPONDS fu ti [ S lib l G H1. a llE HED
6 PEED IS I H t.Il ADJUS1ED SUCH fHAf THE fulAL THAVEL TIME
FUR A GIVEf4 ihDIVIDUAL IS IN THE HAUGC UV 5- 10 80-

3 MINU1ES, DEPENDING UN 1ilE STAfISfICAL PHEC1S1U14 I)ES 1 H ED
AND UN TliE DEGHEE OF b l FF I C ulsT Y IN MEASOHihG CEkTAIN i

kADIONUCLlDLa. FUH EXAMPLE, A HADIUM-226 P'LASubEMENT l

1AhES AT LEAST 40-MINUfES. I f; THIS HANNEP 1HE VARIOUS
CH I TIC AL OHGAi45 ARE SC AiUJED B f l'hE DETECIUH FUH 1HE SAME
PEHCENTAGE OF THE TOfAL COUN11NG T i t4 E AS WERE THE

:1 CUHRESPOND1dG O RG A rJ S IN THE PilANIUM. MUST COUNTS FOR |MFACP AHE FOR 6- 10 b-MINUILS.
|

ALL PEhSUNS WERE COUNIED IN lHE SUPINE POSITIUN
UbbE65 UThEbWISL NU1LD. THE HEAL) nAS A l,L tn. E D 111 bESI

DlHECILY UN lilE HED UF THE COUNIEH HATHER ThAN HEING
O LLEVA!ED Ols A PILLOW.

IN UNLY A FEW FACILITIES AHE PEUPlE COUNTED WHILF
WE AH]i4G Abl. UF 1 HE I R STHEET CLulHING. 1HIS PHACTICL IS
GENERALLi DISCOOHAGED, A1 01 riER FACll.IllES, HuhEVEP,
wiiEFE Trib PHUH ABI LITY OF PEHSUhAL CLU1HING CUhT AM1f4 A'l lON I

D 15 GkEATEH, P t.U P L E WILL HE COUNfED IN PAPER LAD CUATS |
Uhbi. If WUMEU AHE TO HE COUdfED i tj UTHEH THAh fHElH !

~

S I' R E E l CLU1HING, A SECOND W U hl A h AllENDANT WOUL D t4 h j
HEQUESTED. ALL DISHUBING WOULD DE UUNE IN PP1VACY. l

ALL PlikSUNS WERE 10 HAVE SHUwEPED AFlEH 1 LAVING A

9 P u r blJ f l A L L i CONTAMINATED AREA. l

B. U H Al410 M (ENIICHED, NATURAL, DEPLEJED), P1,U l u N l ut4- 2 3 ri AND |
,

AMLHIClUM-24i

UHANIUM-23S, P L ll l O N I U M - 2 1 8 , /39, AND A M E P I C l ula - 2 41
C AHK CouhTED IN lilE Tul ALLY SHIELOFD COUh1EH CON 1AINED IN i

UNil 2. THE DEfECTUHS AHE PLACED DlHECILY l ia cud 1ACI j
nllH rhE CHEST OF lill SubJtCCT Si]CH IHAL IHE DE1EC1URS
W i l.1, "SFE" 14 AJUR PUH11UNS OF lilE 1,0 N G . Filf UHAhlbM-235
l~ HEY AHE PUSl f lulled SUCil THAf flit? DETEC10F IS CEN18ALLi
LUCATED ti E r v. E E N IHE bultuM UF fHE CLAVICl,E (CULLAR BU4E)

O AhD IHE CFhTER 1,1NE OF 1HE NAPPLES AND AHL A1 1HE UUTEF

EDGES llF THE SihkNUM. THIS tlSUALLY PLACES 1hr IUP EDGE
OF lHE DLfEC10H ADUT UNE INCH HELOW THb LOWEH LDGE OF lHE
CLAVICLE. T His NUl M Al, COUNTING llML FOR UHAN10P-235 IS
20-MlWUTES. IIATUHAL AND ULPLF.IED UHANIUM AHE NURMALLY

}_ NEASUkhD ti t TliE SAML MElllVD AS IS USED FUP U k AN I Uti-2 3 5,

'd 1.h., THE lHo-hEV PitO ! UPE Ah IS USEU FUP CALCULA11NG IHE
LUNG B U H D Ela . IF ll4FukHATlUh IS DESlHED uh THE !) AUGH TEP

r

b

|
.

!

|
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PbODUCIS HHuluACildlOM-231 aND l tiO b l u n - / t a , |HL 63- ANu
9 3 - r- L V PHU10PLAhS AHE UShl).

C) fUk PLli10NIUM ANU AMERI:lun COUNilNG fHF DI:l Ec l 0HS
-' AFE PUS l fluNED SUCH IHAT Ihb TOP EDGb UP HE DEltC108 15 ,

TANGENT 00 lhE BOTIOM OF THE CLAVICLE AND 't h E JNNER EDGES
OF THE DEFEC10H AHE 1ANGEkT fu fHE UUfEH EDGES OF lilE
S1EHNUM. THE C00nr1NG IlME EUR AMERICIUM-241 18 40-
MINUTES. T h r, CUUNTING TIME FUR PLUf0NIUM IS 40-MINUrtS,

ON THE CHESI, hlTh TH1S DAIA HEING l b AWSF EHHED Lud PAPER) 1 APE, FOLLuwED'uY A BAchGHUUlvD UF 4 0-n l N L)1 ES hlTH li|E
DETEC10HS PLACED ON 'l II E l il l (;H S . AUDIT 1UNAL 1iME iS
B h Villt E D l U H PLUTUNIUM-238, 239 FUH MEASUtWMEN1b USING AN
ECil0ENCEPHAELOSCOPE lu DEFEHMINE Tilb CHES1 n Able
THIChWESS. THE LENGTH UF TIME FOR THESL MEASUREMENTS
VAHIES HEfnEEN 10-T0 20-MINUTES. OTHFH MEASUHFMLNTS

3 hEQUIRED FOR PLU10NIUM-238, 239, AMEHICIUM-241 AnD
UbANIUM-23S AkE THE HEIGHf, whlGH1, AhD CiltCS T
C 1 k C ll M F b H E N C t. .

EFFLC11VE CHESf W Abi, Tli!CKNESS 1S L)M1EHM1htD Ht
11EASUREMENT UF THE CHEST aALL fill C K N ESS IN A1 LEAD 1 12

7 OlFFERENT LOCAI1UNS USING AN ECilDENCEPHALSCUPE AND IS
CALCULATED hi THE METHOD OF HUNDO ET AL (HEALlH PHYSICS,
VOL. 17, PP 155-157, 1%9) AND BY DEAN'S EMPIRICAL
FORMULA.

C. ThuHlUM

C \d TaiUHlUM IS COUN1ED HY PJSillDNING lHE CliEbT OF lHE '

|

SUHJECT HENEAfH THE 8-lNCH HY 4-INCil DETEC'lOH v.11 H A dEU-
TU-DMfECTOR DISTANCE OF 10.5-INCHES UH 12.5-IUCHFS. THE

| SUbJLC1 IS COUNTED FOR 40-MINU1ES W1fHUU) Cit ANGlHG THE
COUNTING GEUMElHY UF 1HE CHEST AND f H t. DETEC10b.

3
IV. SENSlflVili

|

A. MIXLU FISSION, ACTIVATION, AND CURFUSION P R ul> UC T S AND
| RADIUM-22e*

Os THfs SENSI TI V IT i 0F 1HE SYSLEM 15 A FUkCTIOk UF lHE
BAChGHOUWU kADIA110N LEVELS, THE SIZE A riu F F F I C i r.MC Y OF

1HE Df.fLClub, 1HE ULTECTOH-SbHJECT GFUf41Hi, A l.D THE
COUNTING flME. 1HE BACKGNUUND IN lhK MUHil b SYS1 EMS IS
CAREFOLLi MUNITOHED Af VAHluus I N i t H V Ai,5 DilHING IHb
COUhI1NG Pekl00. THE DbIECfDH-SUHJEC1 H Eld 110N SH I P 1S

Q, NDHNALLY CUNSTANT Al Al 12.5-INCHh3 HETWEfN TliE FACE OF

1HE CHYSTAL AND liiE luP UF InE BED, AL1HUUGH 11 MAi BL
,

| CHANGED IU IV.S-lNCHES UH 14 5-INCelES AS 1HE NFED
l nARRANIS. 51HCE lHE PRESEWCE OF HADlulSul0 PES 01HEH THAN

FAl, LOUT CESIUM-137 OR NAfuBALLY OCCUHHING POTASSIUM n il,L

CAUSE A BISE IN THE APAPEul " bach 6HOUhD" Dbb 10 CUMPTON
3 SCAllER, rHe ACTUAL SENSITIV1fi VAHlLS SUMEAHA1.

A
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APPENDIX 111 PHESt'N r5 A iMHLE OF Mik1Muu S Eh S111 V 111 ES .
IF A HADIUkUCLIDE 1,1 S T t.D IN APPENDIX 111 lb f a ul 1, l S 1 t. D IN
APPEND 1X I, THEN IT IS N01 P t E S rA T IN An A PU U til EQUAL lu4

O UH GHEAlEH IHAN THAT LISTED IN THE CULUMH LABELEU "NIN.)V SEl4. , NCl".

THE HACKGR0lif1D OF THE "D0-1T-iOUHSELF WHOLE BUD)
COUNTEP" IS CON 11NUOUSLY bEING DEFEPMINED a H E tJ A Su rsJ EC1.

COUN1 IS Nul BEING MADE. EVEkt Ib-MINulFS 1HF CUHHEh1
HAChGHOUND JilST COMPLETE 0 16 I B A N S F E R R E l' 1U A DIFFEHENT

) HE Mut4 Y LUCAllON AND A NEW t4 A C K G H O U J O IS blAHIED. JHIS
CYCLE IS C Uil f l N UOU S . IF A SUHJECT COUNT SHOULD DE
STARTED bEFUHE THE CllH H t:N 1 lo-MINU1E PEPillD HAS beek

1COMPLEIED, OUT A F F E r< 8-MINUIES HAS ELAPSED SINCE THE '

STAHf 0F THE CURHENT-BACKGROUuD, THE SH0HILH HAChGPOUND
W I L L 118 S A V E D . 1F LESS TilAN 8-MINUTES liAS El.APSED IN THE

$ CUHHEH1 UACnGHOUND, THE DAlA ARE ABUH1ED AND THE PHEVIOUS
IIAC6GHOUND LS USED. THUS, ONE w1LL ALniS HAVE A CllPREN! )
AND SIATASTICALLY HEPHESEN1ATIVE HAChGHOUAD. 1

i

b. U lliEH HADIONUCLIDES

} THt: SENSITIVITIES FUH URANIUM-235, Pl,L11 UN I UM-2 3 8,
|

239, AMEH1C1UM-241 AND TH0H1UM ARE L1hEWISE A FUNCTION OF |
lilE B ACh GROUf4D, UETECTOH SIZE, DE FEC TUH-S ut4J EC T GEONErPY l
AND Tile COUNflNG TIME. THE TOTAL CHESI 1HICnNESS AS WELL I

AS Tile CHEST WALL THICANESS ALSU aFFEC1 THE bENSITl\1FY |

.. FUH LOW ENEHGY HADIONUCLIDES. SEE lhE CAbidRA110N DA1A

)Q
tu APPENDIX 11 FUH I H t' VARIAflDN UF 1HE CALIHPATION,.s

FACTORS AS A FUNCTLON OF filESE PAHAMElEFS. IfPlCAL j

NUMERICAL VALUES FOR N1 k 1 M U f1 SENSITivillES AbE 30 - 60 !
.

MICHUGHAMS OF U-235, 4 50 NANOCUHIES OF PU-238 AND 239-

(HIGHLi DEFENDEkr ON CHEST WLL THICKtlESS), 0.05 0.1 ]
-

I4 A N UC U H I ES OF AM-241 AND 6 8 MILLIGHAMS OF NA1UHAL-

k 1 HUH 1UM.

V. STAR 1STICAL EVALUATIUNS

A. GENEHAL DISCUSSION

) STA11STICAL ANALiSES OF l eiE DA1A USE SIAf.DAPD
TECHNIQUES. HAdDUM COUNTS UBSEPVED FHOM kUCLEAH
DISINTEGHAIIUNS HAVE tiMEN SilOWN 10 FOLI U IHE 801SSON
ulSTH1HU110N. HonEVEH, FuP lilE rJUMBER OF COUtiTS UHSERVED
OVER lilE TYPIC AL COUNTING TIMES, THE PulSS00 DISTP i bilT l u N
MAY BE EVALUATED WITH A Hit;H DEGHEE UF C O N F I D F.N C E tii

[. USlhG THE CHAHACTEHISilCS OF THE HOHMAl, (GAUSSIAN)
.

'

DISTHlaur10N. THUS, THE AVEt4 AGE GRUSS CulikTlHG lt Alt. FOP
POIASS10M, FOH t;X A M PLE , Ib 1 YP I C Al,LY FOUND Hi DIVIDING
THE TOTAL, UF THE COUN'fS OBSERVED IN CHANNELS 132 1HHUUGH

i 155, INCLUSIVE, BY THE COUN11NG flME IN MlHU1ES, OF,

f G= (Silst OF CHANNELS 132 ISb) / T.-

m
V
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JHE VARIANCE OF THE COUlitud PATE IS Ecu Al. lo liiE LouG
IEHH EAPECTtu CDU,JTillG PA'lE D 1 V i ol.D Hr Ink SUUAPE Pub 1 UF
TiiE COUNTIuG TlPE, OH,

,.

2 - /AR(G) : G/1

NEl COU611NG RATES AHE FOUf1D FRua lHE HELAlluNShlP

B,fj G -

D r.ilEHE G = GROSS COUNflNG HAIE Ob'lAINED 10 1 filNU1ES AND
h : BACisGHOUND COUN flIJG H ATE U H f A l h t li j f. 'J(b)
Mit.UTES.

THE VAHIANCE OF lHE NEl COUn f LNG H A f b. IS FOUND F F U f4

O- VAR (N) : VAP(G) + VAR (6),

atilLE I H t: 5fAhDAkD l)EViAIluN O F ^! tlE NF1 CulHl11 N G HA1E IS
l' H E SI) U A R E HOUf OF 'l H E V AH I A fjC t. UF N.

1stE ACFUAL AMUUNT UF AC11VIfi, A, FUUhh jN liiL SuliJFC'] 1S
3 1HEREF0HE UHfAlHED BY 01VIDING f it E N lil COUf;11NG RATE,

AFTER COHkEC11NG FOR COMPTOW SCAFTEH W H r.F E NFCESSARY, 10
TiiE CAblbHAllON FACTUk, F.

A : N/F

m ~l h E VAHIAdCE OF A JS FOUND FHOM l il E H El. Al l hN S H I P
)

, -

VAHlA) / (A+A) : VAk(N) / ( ni 4h) * V AHlt ) / (F+F)

llHE ASTERISK, (*) IS USED HERE lu SIGNIFi MUi.'l l P L I C AT I ON
wh1LE THE SLASH, (/), SIGNIFIES DibISluN.]

J
lil MOS1 CASES fdE VAHIANCE OF 'l H E CALihHAllON FAC1JH,
VAR (F), 1S SMALL COMPARED 10 lHE VARIAfJCE UF lhE 60tulEC1
DATA, VAklG), A fil) WHFW fHE FORIRAN PHOGPAM IS lAHGE,
VAHtF) 13 ASSUMED TO llE NEGLIGIBLE. luE STA'1181tCAL
EHRUH DUE 10 COMPTO4 SCA11ER FRUM ISU'luPEb r,Il l C ri AHE

3 AClOALLY PHESENT IS 1hCLUDEU IN T H E. C A LC U L A'l 10N t,F lHE
VAHLA).

H. EVAL,UAlluh UF DAIA FUk U-235, l'U- / i d ,9, A i< - 2 1 1

Pk1UH TO ANY DA1A PEl>UCl'IUN ThE UUIG1f.AI, DAIA tnH
3 1hESE HADIUNUCLil)LS AHE PLOT 1ED FOR lhbPFCTION Pi lHE

A N Al,Y S I . lHE DATA MAY bE SMUU lllEI) ACCUHliluG 10 fith
MElh0DS UE S A V I f Zr, Y AND GULAi ( A 4 A l,i T I C A l. CHEhlS!Fi, Jo,
li H , Jill,Y 'd4, PP 16/7 1o39) tc 0 H l tlE PllHPUSE OF f11NIMlZ--

I t4 G PANDOM SIAflSTICAL VARIAflONS t4 U T ITESFRV1hG
PH010 PEAK S'l H U C [ U R E . lHis HEl,PS SIGu1FICANILY 1h rUH1bEH

J t.VALUATluk 0F 1HE DATA.

-

f
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'
MUSl UF IHE DATA Hl.UUCl]Uk FUH U-235, N A T U H A l.

IlP A h l ull , AND l>EPLETED U H A r41 tlM U flLIZl S 't hh CUMPTON ,

CON 11NUUM SilHIHACllVN TEC Hu l VilC . IN SUME ClhCUMS'lAMCES A '

7 NUN-L]!;EAk CURVE-FITflNG HOUll48 fiAY BE UbtD.
Q(V

DATA HEDUCT10N FPUM PU-238, PU-239, AND AM-241
ANALYSES IS MUCtl fiUR E I N V U L V E:D THAf4 l il AT FUP UHAN1UM
ANALYSES. THE dACKGROUkD FHuf4 1HE THIGH CullN1 15 ASSUMEl)
TU UE RE.PHESENTATIVE OF Tile b ACKGHutlND WHICH wullLD HAVE
HEEN OBTAINED UVEH fHE CHESI IF UNE COULD HAVE BLEN

3 ASSUHED Til A1 NU PLUTUNIUM UH AMERICitiM HAD H t' E h PHESENT
IN THE CHEST. THIS IS A RE ASUN Abbe ASSOf4P i lUh FUH MUST
SJ f 0 AllONS. SEVEHAL UlHEH HADludHCLlDES llAVE FLEN DEEN
IN lilE LUhGS OF SEVEH AL INDIVJUUALS, PHluCIPALLY Cull Al f-
60. TilESE HEVulHE SPECI Al,1ECriN]VUES, THE DESCHJPTION OF
WH]CH IS BEYUfJD THE SCOPE OF THIS DOCUMEN I'. THE LUNG AND

3 THIGH DAFA ARE SMUU1HED BY Tile METHOD UF SAVITZKi Arv D 1

GULAt A i? D AHE DISPl.AYED UN THE USCALLUSCUPE SCHEEN. ThE
ANALYST MAY SUBfHACT FHAC110NS OF THE 1hlGH D A 'I A AND
DISPLAY fHE NET COUNTING Halt. NURMALLY, 100-PEHCFH1 UF
THE THIGH DAl'A AHE SUH1HACTE,D FHUN T riE iUNG DATA. IN
ThuSE I NS f AfJCES WHERE lite HEJ C ullN f i fig PATE IS EfJ11HElY

D NEGATIVE AFTEH SOHTHAC11NG 100 PEHCENT UE lHE 1HIGH DATA,
SMALL AMOUNfS OF THE DATA ARE ADDED HACA TO 1HE NET
COUNIS FU UHTAIN A GHAPH IN Will C H APPHUXINATELY HALF UF I

THE Nr) .~UUN18 ARE POSITIVE AND HALF AHE NEGAflVE 10 THE,

B AC A CHl'uW D HEGIONS ADJACENT fu fHE P h u'l OP E A k b UF
INikkEST. lHESE DATA AHE THEN USED lb 1hE COMPION

0 CONTINUUf1 S U ti l H AC T 10N PROGRAM 10 UHIAIN liiE ACluAL NET7
COUNilNG HAlb UWDER Tile PriU f 0PE AKS UE JNIFHES1.

T hE C Ht:51 r4ALL IHICKNESS IS DE TE b b i fiEl> Bt THREE |
MEfHODS AS DESCRIBED 1N SECi1UN 111. Ai LEAST 12 CHESf |
WALL TH]CKNESS MEASUREMENTS AHE MADE llSING AN FCHUENCEPH-

3' ALUSCUPE. SlHCE THE TRANSMISSION OF LUW EhERGY x-HAiS JS )
AN EXPUNENTIAL FUNCTION OF THE ChbSf ri A L L THIChMEhS, Ar

CALCULAT10W IS MAUE fu UETEHMINE lHE AVEHAGE THANSMlb-
SIUW. THE AVER AGE CliESi 4ALL ItllChNESS IS BACH-CALCUL-

,

AIED EkUM THIS INFUHMATIUN. THUS, THE 2 SIGPA S?ANDAHD l

DEVIAT10N IS SAEnED UUE FU THE USE OF lhE I,0G-hubMAL

C~ DIS 1H1buT10N. A LINEAR AHSUHP1IUN CUEF1C LEh r UF 1.IS PEH
CEWf1 METER 16 USED FUH HUMAN TJSSUE AT 17-FEV. THE CHEST
v. A L L THICENESd 15 ALSU CALCULATED lli lHE MElHUD FHUN DEAU
UF LUS A l, A M OS :

1HICANESS, CM = U.UO7 + 5.12* ( W E l Gtil , tG) / (HEIGHT, CM)

'l H E WALL IHICKDESS IS Al,SU CALCULAfth br THF M E l lf ul) UF

HilNDO:

Th1CKNESS, CM = 15.3 * (wElGH1, EG) / liiE I G H1, CM) U.01-

+ ClHCUMFEHENCE, CM 3.S5-

d-

/^\
v
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1HE CHEST WALL Til l C h h ES S AS DElEFMllED Et file

ECHUENCEPHAELUSCuPE 18 (J u tni Al,L Y lj S Eis IN l iiE C A l,C U L A 110k
OF 'l H E C A b l B H A f l u f4 FACT 0kS O!4LESS 11 15 S I GtJ 1 F I C A N T I,Y

/] DiFFERENr I i<DH THUSt: t:0rALhED 6 f H O S t. Oh1 A INE l> FkOM iHE
'

O METHUDS OF D E AIJ AND HUNDO. Tile CALlhkAllua FAC10PS FDP
PU-2 39 AiiD AH-241 AHE IDENTICALLY IHE S ant; VALUES AS USED
AT LOS A l, A MO S AND AHE:

CAL 1HRATIOf1 FACIOR, PU-235 : 39.41189'/ *ExFlu.836646 4 C1)

O hallo, AM-241 SCAlfER l id PU-239 CHANHEL.S 'l O AM-241 CUUtifS

0.2 * EXP(-0.039*Cf) + 0.8 + EXPl-1.096CT)
4

C ALluR AT10ta FACTOR, AM-241 = 1.396 * EXP(0.1436SS + CT) |
1

d WHERE Cr = CHESI fill C K h E SS , C EN T I M E~l E R S . i

|
|

|
.

|
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VI Discussion of Results
) (,f 3)

'

The purpose of these measurements is multi-fold. The
first goal is to determine if any uranium may be obse rved in the lungs
of the individuals being counted. This may be done in two ways, by
measuring the 186-kev gamma ray from uranium-235, and by mea-
suring the 63- and 93-kev x-rays from thorium-234, the second daugh-

)- ter product of the uranium-238. Since natural uranium contains only
approximately 0. 7 weight pe rcent of uranium-235, the 186-kev photo-
peak is more difficult to observe in than in enriched uranium. The
maximum permissible body burden for uranium-235 in natural uranium
contained in the lungs is 180 mic rograms. This would correspond to
25. 6 milligrams of natural uranium. If the prot oactinium-234 and

$ thorium-234 are in equilibrium with uranium-238, one would theore-
tically be able to see both of those x-rays as well as a small amount
of uranium-235 Unfortunately, because of the varying chest thick-
nesses of individuals counted, it is difficult to establish a ratio between
the se two diffe rent t ypes of signals.

1 The results found in Appendix I show only a few individuals
who have positive results for both uranium-235 and natural uranium. These |

persons and the ratio of micrograms of uranium-235 to milligrams of ;

natural are given in the following table:
,

Name U-235 Natural U Ratio
Mic rograms Milli g ram s U-2 3 5 /Nat . U.

U Gibby, Duane R 78 + 35 6+1 13 : 1
Nelson, James L 72 + 57 6+1 12 : 1
Nowak, Jeffe ry Il 32 + 34 3t1 11 : 1
P rice , William F 67 + 38 2+1 34 : 1 ih Shield s , Darvin II 82 I67 5I1 16 : 1 !

Tso, Amos 57 I34 1I1 57 : 1
White, Douglas E 73 I 46 5I1 15 : 1

The se individuals may be cont rasted with, for example, Richa rd
} L. Griffith and Joseph P. Morgan, who show no uranium-235 but show an

apparent 12 + 2 and 16 + 2 milligrams of natural uranium, repectively. It
is quite likely that these results represent unsupported daughte rs .of uranium-
238 which, if the subject be removed f rom exposure to these daughte rs for
several weeks, would probably be significantly reduced or eliminated as
evidenced by a late r lung count.

Thorium-230 is a daughte e product in the uranium decay chain
and is the precursor of radium-226. It has a half life of 80,000 years and
emits a 68-kev x-ray only 0. 6% of the time and a 142-kev x-ray only 0. 07%
of the time. Both of these signals would be completely masked by the 63-
and 93-kev x-rays f rom thorium-234.

'
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aG Thus, theoretically, about the only way to determine the thorium-230 lung
content would be to look for daughte rs of radium-226. After having made
several measurements at suitably spaced inte rvals, one would attempt to
back-calculate for the amount of thorium-230 which may be resident in
the subject. While this sounds like a workable technique in theory, in
actual practice, this is quite impractical because even after 12 years the
amount of radium-226 grown from the thorium-230 is only 0. 01% of the

3 original amount of thorium-230; in 60 years it is only 0. 05%. The minimum
detectable activity ,of radium-226 is approximately 6 to 10 nanocuries. Thus,
the re does not appear to be any practical way of measuring thorium-230 by
in vivo te chnique s.

Since radium-ZZ6 is a possible airborne contaminante, seve ral
3 people were measured for this material in effort to determine whether or not

they had any deposition of radium-226. None was found.

~.
Y
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!: APPENDIX I, PACE 1 !

'

1: {

. U-235 NATUPAL U,
j MICROGRAMS MILLIGRAWj
j ;in -j

i

( ANDERSON, PAY.V. 528-24-3601, 10/06/76 AT 0840 0 + 66 5+1 !
i' ATWOOD, VON R 528-40-0342, 10/05/76 AT 1543 0 T 48 0T1 i

~

.BALDWIN, ROBERT D' 529-09-5991, 10/06/76 AT 1218 0 T'45 'l I 1 !
BEGAY, EUGENE.N 585-50-6473, 10/04/76 AT 1035 0 I 4 1- '2 T 1- '

H :BEGAY, WILLIC 530-24-0717, 10/04/76 AT'1234 0 T 43 2T1 i

|.1 BENALLY, RONNIC- 585-84-6430, 10/05/76 AT 2156 0 I 35 -2 I 1 !'

~BENNETT, GORDON G NO S.S. NO., 10/05/76 AT 0401 0 T 37 771 !
r BENNETT,' WILSON G 585-56-6484,.10/04/76 AT 2058 0 T 46. 3T1 ([~ :BILLAIE, JOHNNY L 528-50-1936, 10/04/76 AT'1205 0 T-52 0I1 i

P BLISS, D%VID R. 565-06-2098, 10/05/76 AT 0211 0+ 39 2+1 |BOLDUC, ROLAND'D 029-40-9098, 10/06/76 AT 0513 0 T 40 6T1 |A
.CAMINO, . ANTilONY C 528-88-7382, 10/05/76.AT 1907- 0 + ~3 6 1+1 t

C ilA C O N , MANUCL'J 524-24-1702, 10/04/76 AT 1108 0 I 40- 0I1 ;

,. ' ..Cl! ADWIC K , .ROGE R D 529-66-4007, 10/05/76 AT 1043 0 7 42. 1 T 'l :

7 CLY, ALOERT NO S.S. NO.,. 10/04/76 AT 1300 0 [ 45 4{1 j
| ' ' ' COOK, BILLY R- 558-70-3694. '0/05/76 AT 2225 0 + 40 6+1 !

.

COOK, BRUCE S 159-38-5000, s/06/76 AT 0124 0 T 40- 3T1 1
Lp DAUGHETEE,.ROY L. 524-54-8478, 10/05/76 AT 0437 0 { 30 'O 1 2 |
C DAVIS,'JItt'W NO S.S. NO., 10/04/76 AT 1800 0 + 40 14 1 .i,

i DAY, .LESTER A 529-04-1944, 10/04/76 AT 224 8 0-+ 37 2+ 1 i
"

j .DIETZ,-JOE W 270-22-6375, 10/04/76 AT 1138 0 T 49 0T1 1
' - DOM E NIC K , SYLVESTER -522-20-1971, 10/05/76 AT 2003 0 [ 42 0 1 -!

~

-

' ' -DOWNARD, ROBERT H 536-28-0486, 10/05/76 AT 0630 0 + 51- 3+1 !

FULLMER, JAMES G 522-90-5571, 10/06/76 AT 0058 0 I 40 2I1 i

GAFA,. EDWARD L' 529-40-0533, 10/05/76 AT 0240 0143 211 |
GARRETT, JOSEPH M 529-90-2777, 10/04/76 AT'1543 0+ 39 0+1

.

*

y! | GAY,: FRED G
.

521-90-0235, 10/06/76 AT 0032 0 + 49 7 + 1. i

GETTER, HOLYOAK 549-74-4934, 10/04/76 AT 2031 0 + 40 4+1 |
LGIBBY, DUANE R 549-76-4181, 10/05/76.AT 2338 78135 611

~
I

+_ GORDON, DONALD C 529-66-7956, 10/05/76 AT 0333 0+42 4+1
GR Af1LICil, WALTER M 522-94-2694, 10/05/76 AT 0730 0 I 41 1T1 '

GREGORY, GILBERT W 506-16-2268,.10/04/76 AT 1935 0 T 35 0T1
g'; GRIFFITil, RICilARD L 523-86-9144, 10/06/76 AT 0245 0146 12{-2 '

HALE, GERALD W 235-84-9269, 10/04/76 AT 084 5- 04 35 2+1 ;

HAMILTON,-JOHN H 399-46-4286,.10/06/76 AT 0150 0 I 39 1T1 *

HANAGARNE, FRANK L 585-78-3652, 10/04/76 AT 1327 0 I 46 2I1
HARRISON, GERALD D 557-48-0574, 10/05/76 AT 1612 0 T 47 2T1
UASS, DANNY.G 528-66-8723, 10/04/76 AT 2349 0 T 36 0T1

y" - ll A T A L I E ,L T O L I N . 528-74-6910, 10/04/76 AT 2153 0 T 31 0l1 7
- IIILL, JAMES W 521-80-4193, 10/05/76 AT 2128 0144 211 |
|., HOLLIE, EVAN9 JR 529-70-0204, 10/05/76 AT 1242 0142 011

'

' HOLYOAK, GARY R 529-38-0072,-10/06/76 AT 1032 0 1 48 511 ;.

HOPKINS, DENNIS L 521-90-0796, 10/06/76 AT 1100 0 1 42 011 !
' |IlOPKI NS , L flARVIN 522-56-8658, 10/06/76 AT 0220 0 1 38 912 :

HOPKINS, RONALD 524-90-7104, 10/05/76 AT 2103 0 1.35 1 1'l |
: 1

L0 !
c 1 .i

I1

% - T +-- T
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s

U-235 P TURAL U
MICROGRAMS MILLIGRAME<

7 IlOUT, GARY D 555-04-0261, 10/06/76 AT 0541- 0 + 50 5+2HUBBELL,. ALFRED G 367-62-8298, 10/05/76 AT-1103 0 1 41 3;T 1
KING, JOllN h . S25-24-0738, 10/05/76 AT 0117 04 39 10 + 2; KUMEL, ROBERT H- NO S.S. NO., 10/05/76 AT 1215 0 T 32. 1.I 1-LEECH, DWIGilT. 528-22-0968, 10/05/76 AT 2033 0 I 51 9T2 ih LEFF, TOMMY.E 522-38-6947, 10/05/76 AT 1515 0 T 50 3-T 1 ''

C LITTLE, . ROBERT E 530-36-3793, 10/05/76 AT 1730 0 I 57 4T1 i
y MACHADO, JERRY 945-10-9328, 10/05/76 AT 1015 0 I 42 0T1 -

MARKHAM, LARRYL J 528-48-6388,.10/04/76 AT 0908 0 I 33 0I1 I
tL MARTIN,-JOSEPH J 549-50-4201, 10/06/76 AT 0908 0 I 54 0I1 )MC GANN, KEVIN B 303-54-4830, 10/06/76 AT 0445 0 T 40 4.T 1
y MC NEELY, WAULSTINE NO S.S. NO., 10/04/76 AT 2002 0 I 42 0 T' 1
, MONNIERE, MICHAEL A 521-82-7227, 10/04/76 AT 0816- 0 T 34 5I1

[~ MORGAN, JOSEPH F 524-01-9701, 10/04/76-AT 1010 0 T 43 16 T 2
NACKI, LESTER 585-76-1411, 10/05/76 AT 1830 0 + 52 6+1

~ *

J NELSON, JAMES L 468-34-5076, 10/05/76 AT'1447- 72 7 57 6T1
.NOWAK, JEFFREY 11 173-46-6647, 10/05/76 AT 0050 32 + 34 3+1

4 OLIVER,. DELBERT O .259-70-7065, 10/05/76 AT 0922 0 I'41 071
OLIVER, JOHN A 528-40-0052, 10/05/76 AT 0658 0 1 61 8'l 1y LOLIVER, JOllN C NO S.S. NO., 10/06/76 AT 0347 0+40 1+1POOL,' SIDNEY M 461-24-2883, 10/06/76 AT 1154 0+ 42 2+1

4 PRICE,' WILLIAM F' 539-54-3554, 10/05/76 AT 1135 67 { 30 21.1
..PRZYBYLSKI, DANIEL 565-96-5932, 10/05/76 AT.2250 -0 + 33 4 + 1' i

r

ROBERT, KENNETil G 521-40-3283, 10/04/76 AT 1515 0 T 57 7 T l- ;
ROBERTSON, KIM R 528-80-9965, 10/06/76 AT 0006 0146 311 !

} ~. RODMAN, DAVID L 316-54-3412, 10/06/76 AT 1125 0142 1+1
RODMAN, JOSEPH M 566-74-4390, 10/04/76 AT 0935 0-1 32 4 l'1i ROPER, DON P 522-72-6043,-10/04/76 AT 1705 0142 311ROSS, DAVID A .563-00-2076, 10/04/76 AT 1905 0130 011 |J ROSS, GEORGE E 521-26-5835, 10/04/76 AT 1635. 0 + 61 5+1 |ROSS,, MIKE C- 530-52-3352, 10/05/76 AT 0758 0 { 38 111

.

'

y, ROSS,LTOMMY,D 523-48-2149, 10/04/76 AT 1733 0149 511 ;SAGGB, JOE 444-36-2532, 10/05/76 AT 0850 0 + 39 0+1 ;

SAMUELSON, DANI AL W 520-60-1902, 10/04/76 AT 2220 0 I 35 2 I l-
.REBASTIAN, SIDNEY E 525-24-9085, 10/06/76 AT 0810 0 I 49 5I1i

SilI ELDS , DARVIN H 539-42-7536, 10/06/76 AT 0939 82 1 67. 511-SIDWELL, LUNDY M 490-70-3884, 10/05/76 AT 0950 0143 311m.

y~ SIMPSON, JOHN J 522-66-8151, 10/05/76 AT 1417 0 + 57 4 11 .SMITU, GREGORY M 233-92-5335, 10/04/76 AT 1422 0 + 30 3+1
SMITil, RICK D 234-88-4490, 10/05/76 AT 1800 0138 ~ 1 T_ 1

~

STASil, ' JOllN E NO S.S. NO., 10/04/76 AT 2323 0+48 6+1
STEWART,. JACK C 528-66-2494, 10/04/76 AT 1837 57 I 34 1 T 1.
STEWART, STEVEN W 528-66-2457, 10/04/76 AT 0023 0 I 48 8 -T 1 ;y STOYE, BILL G 528-64-2917, 10/05/76 AT 0145 0 1 38 2-1 1 ;

~

g SUNDERLAND, HERBERT E 512-03-3551, 10/05/76 AT 1642 0+43 0+1
i- Til AYNE , GLEN W 528-26-2373,-10/06/76 AT 1004 0 T 25 3T1 ;

-TSO, AMOS 511-66-0578, 10/04/76 AT 2125 73 T 46 5T1
WELLS, DENNIS E 528-50-1554, 10/05/76 AT 1335 0 T 51 9T1
WilITE, - DOUGLAS U NO S.S. NO., 10/05/76 AT 1937 70 T 45- 5T1

y WilITTA KE R , CLARE 11 364-26-1072, 10/04/76 AT 1448 0 [ 35 0[1' WilITTA KE R , CLARE H JR 527-88-3678, 10/05/76 AT 0306 0 + 44 4 +1,

c WILSON, KENNETH D- 528-66-7827, 10/06/76 AT 0322 0 I 50 5T1
? .WIMER, DAVIS E 543-05-2887, 10/05/76 AT 1307 07 56 1T1

YAZZIE, CLIFFORD 527-84-0884, 10/05/76 AT 0824 0 I 37 2 _T 1

x



APPENDIX II,

,. 1 1. fl.L URANIUM CALIBRATION-s . .

l \ C-FOC/L , ft/03DW
n 1. l '1 S C0= 0')1.667 b:<C::P(H 9 0 13057:1) J T f,"Go =",26 03,CO,!!
01. fm .F I'nG,13;T ! ! , ~. rs . 03 ; D 0

01 90.T !!!!!!!!;0

y 02 00 D 3.913 F Ja 0,0.05,0 7 5; D 0.9 7; D 0. ); T f(::)
'~" 30 D 3.9 7; / Ja n,0.05,0.7 5 U 0.99; T C( :).

O '?. /iG li41 UTC: *

03 9 7 .S T(!!) n I J; 9 C(::) = C" e FEXP( -I J A 9 130S7,1)

00 97 T ! , "C /L I t ' . /oCY3., C /:' v e *:C"

00.93 T t," CHEST I"iI C : " d S S , I:!C:IES "

00 99 S I J=I +d; S ::=/ *IJt3
v. ,

*
+C3

CO= ' 5 3 0 . /i /D

J'

C4FST T511 CIC::233, I::CHES 6 .'10 0 6."50 G.500 6.750
' C IL I 'O . F ACT01', C/:: ped ::C 060.0 0f1 05/1.309 0/6.038- 038 0171

)h
h CUEST T'lI C C:T:S, 1::CdC3 7 . o 'i n 7."50 7.5nn 7 750.

"

C at. I B . FACTOR, C/:: D:H ':C 030 057 000 750 015.'183 001./163

Ci!C3T T II CT ESS, I *:CH :'S 8 . 0 10 4. : 5:- S.500 11.7503,
CrLID. FACT 90, C/:: P:;h i:C 0?l.657 195 030 141 732 180 579

,

C 4:GT IM I C:C F.S S, I::CMES 9.001 9 . 0 5 '', 9.500 3 750
C TL I !! . FACTOR, C/:' i>CH *:C 17n.507 170 86's 165 094 159 90/

J
C 'U"?.T T II C:C '".SU, I :C'll.S 10. 0W 14. J: 50 10.500 10 750
CTLIB. FACT 0u, C/:: PEli *:C l b/s . 69 6 1/19.653 1/i/s . 7 7 /i 1/10. 0 5/1

CHEST THI C''.': :53, I':Ct!Z5 11.000 11.CSr 11 50') 11.750 |g.
Ct. LID. FACT 3P., C/:: PET. :C 13 5. /m; 131.071 106.798 10 P . G r /t j

C'! CST T!!I CR* ".SU, I::C'!ES 10.C"U l '' . " S d 10 500 10.750
C (L I N FACT 0H, C/:: Pi. ':C 11H.565 1 1/s . 7'J 7 111.05/l 107 . /: 3 /f

3 .i

D
l
)

.e L43ST TilIC'C ESS, I::WlE.3 13 00r 13.051 13.500 13.750 |

v'( ' C/LIH. FACTolt, C /: * PCd ::C 133.931 10P . 5/13 ?7.065 0 4. 09 /t ;
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APPENDIX II - ** i
"
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- e

'Phantom "In Vivo" Spectrum from 45. 03 mg Depleted Uranium-

.

(National Lead Sample)_

0,5" thick c 8" dia NaI(TI) Detector '
.

Gain is approximately 5 kev / channel '_

Calibration Factor T 6. 0 c/m per mg
Background = 337 c/m *

2 a~

S /B = 0.107 *

e e

2 each 0. 5" thick x 5" dia NaI(Tl) Phoswich Detector *

Calibration Factor = 4. 0 c/m per mg_

a

e

.

to i I I I I I | | | | 10 m 20 30 40 50 t2 0 .
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Gibby, Duane 549-76-4181
Ilired 11-25-74 i

11-25-74 to 2-2-75 Laborer !2-2-75 to 9-11-75 RIP Operator I

9-11-75 to present Plant Tech.

Nelson, James L. 468-34-5076
Ilired 7-12-76
7-12-76 to present Maintenance Department

Nowak, Jef frey 1!. 173-46-6647
Hired 6-21-76

,

6-21-76 to 7-4-76 Laborer |
7-4-76 to 9-12-76 V205 Furnace Operator
9-12-76 to present SX Operator

i
Price, William F. 539-50-3554 j

liired 12-1-75

12-1-75 to 12-21-75 Operator Trainee
12-21-75 to 10-10-76 V205 Precip. Operator
10-10-76 to present Relief Operator

Shields, Darvin II. 529-42-7536 I
Ilired 4-17-57
4-17-57 to 7-31-57 Laborer
7-31-5 7 to 3-19-58 RIP Operator |

3-19-58 to 4-23-63 Fluorimetric Chemist
4-2 3-63 to 3-1-68 Control Chemist I

3-1-68 to present Metallurgical Technician i

Tso, Amos 571-66-0578
Ilired 7-13-76
7-13-76 to 10-24-76 Laborer
10-24-76 to present Copper Operator

White, Douglas 11. 528-52-4656 i

liired 4-12-57

4-12-57 to 5-16-57 Laboret
5-16-57 to 7-20-60 Painter
7-20-60 to 2-15-62 Mechanic llelper
2-15-62 to 5-1-65 Mechanic
5-1-65 to 12-16-67 Mechanic "A"
12-16-67 to 6-1-69 Lead Mechanic
6-1-69 to present Maintenance Foreman

Stewart, Jack C. 528-66-2494
Ilired 8-21-74
8-21-74 to 8-11-75 Operator Crushing Dept.
8-11-75 Terminated
1-27-76 Rehired
1-2 7-76 to 3-16-76 Laborer
3-16-76 to present Loader Operator


