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Table 1. Comparison with $2/N and gate conditions

S2/N ratio Background (cpm)
Gate Pu-ch Pu-ch Am-ch
condition (11.5~ 23kev) | Am-ch(50~68keV)| 1y 5" 73 0v) ((50 - 68kel)
Gate on .
Nal (T2) 293 (10.2) 1551 (11.2) 8.0 9.5
Coincidence
Gate on
CsI (Na) 182 (4.7) 966 (7.0) 16.3 17.3
_ Anti. coincidence
Gate off 39 (1.0) 139 (1.0) 61.9 100
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Table 2. Isotope ratio of NBS-949C Pu source

Isotope Weigth percent (w/o)
238py 0.00343

238py | 97.358

240py 2.579

24 1py 0.0564

242py 0.00291
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Photo. 3 Capsule source for calibration of Tung counter
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Fig. 6 Capsule source for calibration of lung counter
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Table 3. Specification of Rando phantom
Matelial Body build
Radioequivalent Height: 175cm, Weight: 73.5kg
Rando to corresponding Effective atomic number: 7.30
human material Mass density of lung: 0.32
(Alderson) Z:7.30 With human skelton
P : 0.985
Table 4. Number of capsule source jn each slice of Rundo phantom
Number of capsule source
S1lice No.
Pulmonary Branch Pulmonary + Branch
9 0 5 5
10 0 6 6
11 5 7 12
12 12 8 20
13 22 0 22
14 27 0 27
15 21 0 21
16 26 0 26
17 25 0 25
18 19 0 19
19 13 0 13
20 4 0 4
Total 174 26 200




Photo. 4 Rando phantom for

calibration

Photo. 5 Cross section

of Rando phantom
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Fig. 7 Relative counting efficiencies in different detector position
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N3, LXBBICTHBRAZ b v%EFig.8ICRT,

"HRAY 4 v FETRHBRS0mESOCsI(Na) ERERK - TV 30T, THIER LERLARE
%EOJ%FF’ECSIE%%HRD&@“%#&CEQ%L,, COMNEBSERDESTSLK20TY =74 —
POMBTIA Yy Frazeinid, CSlLOMADAEZELOET T EMTE S, L DRESR
HTRELREZYCsD r BRI PVEFRIgICRT, COBO YCsD662keVEHTEH
BERUBTH -1,

A A TV RFE 20 0EEELEPCBOTHELLBE, RUBEES Y F7 7 v b 4
ODHFECANTRELEABOXBEIT r #2272 FvEFigl0ICRT,

Figl0lHB T, *Am D60 keV T 3 M F ~FHBOFHER," 7Y F7 7~ ba" hiC#HEE
ANTES, BRPCHEOTHUELABOHMEON L KRST 5. &1, MAmd 1TkeV
THARNVF -—FEEBOFEER, 7V F7r YA BEEZANLEA, ZRPEEVTHE
LEBOHEED Y, KRS T 5,

Fig 1T, "Am% FEE L7 Pu s 7w v BRE 20 0BEZEEPRBOTHELLE L, AL



N841-79—52

BOPunTeVvBBRET VY F7 7 Y aOMRANTRAELABO XS BLIT r@x~<s
NERT. FigllikBOT, PudiTkeVIA A F —FABOHKER, 5/ F7 5 v b athic
BREEANLES, REEZELRTCHOTNEL LBONREON Ly krs ¥ 3,
PAMBE O keV LAV E —FHBROL XEBRT 7 v F 2K E > T 2RI A5, Am
ERHWELI PuREOTkeVI 2V E —BIBOLXBHE 7 7 YV PAE -T2 2HNEA &
DINSIEAERTEBAE, Figlldhobn sl s “AnBHEOBA, BkeVoD 1 BIC L 5 =
YT PRI keVBRIANVE —HBIEES5T21-0TH 5,
FigllBWTRkeVOE -2, ®Puokild 2 r8Tsd 3,

Table 5. Comparison with the data for 8¢ Nal single detector
and 5"¢ phoswich detector :

Type of the detector

5"¢ Nal/CsI phoswichx2 8¢ x 1/5" Nal crystal

Energy - 17keV 49 57
resolution
Am-241 (%) 60keV 17 24
Background 11.5 ~ 23keVY 0.07 0.2?

"
(cpm/em®) | 55 egkey 0.10 0.25

. 2“1Am(60keV) 27

Detection (241Am(]7kev)) (3.4) 15
efficiency
(cpm/nCi) | Pu(17keV) 0.16 e
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Fig. 8 Energy spectrum of 2*'Am source
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Fig. 9 Energy spectrum of 1®7Cs source



NB841-79-52

10°
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Fig. 10 Energy spectrum from 2*'Am source
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Fig. 11 Energy spectrum from Pu source
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42 W HELUEDHS

E POEARDOPuB LU MAmEREMT 25K, & rORRICELET 5 PK & ¥Cs 8,
PuB L MAmDOMBIFT LAV F -y FR, COBRECEETILEZBBLTE T ENBE
THbdo TCT, "KECsOBRPM7 7 v 2 ERAOT, 2hoDi@EHN, Pudl X
THARNNE —FERBLIT Ao A v F —FERICBLITESHLRD 12,

FTORER, FHRB7 7 v b 2RI YCs B I nCiHEHET 5L Pud 1T keV = 7 0 ¥ — HE
091 com BMT B CEDbtrotce —FH, EFDERNO Y CsRIZ 1079 EBATH 1
nCi t&h 3,

o, YKOHEERS 7 > v AR InCiHFET B LEPuD1T keV = 2 A~ F —HEIE 0.06
cpmiEM L, *AmD 60 keV = & v F — BT 0 6 comBEIMNT BT L b1,

EFORBICEYKENIOnCiHE DT, YKOFER, TkeV T x4 F —fHIK T 1 8 cpm,
60keV = AV F —FHETHBcomFETHC LT B,

WCs BIU " KAGUHERT 7 r 2058610510~ 150keV D E 44 F — RGO
THZARZ FPAEFiIgl2d FigBRENENRT, Fig LRGN E32keVOE — 7 13%Ba
DKa$RTH 5,



N841—-79—-52

Counts / 3,000 sec.

10%

103__

]02_

Phantom :  Box type

Activity:  33nCi (Brust)

~ 60keV _
32 keV
('3%Ba - Ka ray) ‘I’

17keVY

l

10!

1
50 100 150
Channer number

Fig. 12 Energy spectrum from *37Cs source
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Fig. 13 FEnergy spectrum from "°K source
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FUYFT7rs v oBonkREEREZ L P CERATAEAS, REKERAL 72 PudRA#&
Mkl &, e P BBRALLPuORNMEHERYOBRNY, L b ET7 7 FoaDoBREBEI DR
WEHELTHABOPuBAFMT L2 LEBMLETH B,

ErOERGFAHMEEL, oMb PuBOBEFEERXNTRTELUTO L >R B,

- +
e pCrede)

—k’x XA X s 1)
nB_E xyi .......... (

TR, ne; t POEKRFHEE (cpm)
k 377 Y 2aEZBRICACKEPuDEMEERLOPu ] a BN H D17
keV T 3 v ¥ — A0 X BRBEHSHE
k' 5 £ POBRALK Pud EAKHERRL O Pu 1 e B4 0 D17 keV = &
VE — FEO X R G EA
t 3 77 Y P AORBREHBE S ()
4t 5 £ FET sV P AORMBKMBERZDE (en)
L HEBICHTAEBLTVAREROT A v F — T T 5 BRBINER
2 (en™!)
X WP PuE(e BHETE: dpm)
: 7 WRIER O SRAEHLR
PTFic, PuoRMEAMBEOENCL S XBRGLOEMML, REBRES DBV KB
HEDOEAE LT AmDBEIC OV THMITEN D,

51 Pu RMEBRIEDE

PudWBBEREF M L EEL PuoRAAE a BT 8 ®Pu, ®Pu, *Pub &L ¥ *PuTd
Bo HWPuid 8 BEHETH 31y, MTHT 2HHBRINTANVE~(e)ps, Mo PudRMAkL b 345
MEL, MONBEBRE~OHFS LOSATEIZOMO PudBAKIC LTS v, ®¥Pu,
BPu, MPu, MPud e FIKE-T, UOLXHBARMT 3, COLXERDH B 115~20.2
keVOZ ANV F-BHOG DB E=FDREFRIFIALF-LLE B, UDL XEBOD K HE
e, HOXRTR29%%, 39%%, BLU66%0L 2 BEHEERB S, 1TkeV DRI
Brr vy -—DOLXBOMHEEHNGARRLOBER(RDACLBIBHTHLL, HVXH
RN ZBHAANER, IEFERBETAIGOLEbN S, 1, XHICE > T
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AOBKE - THELSNTVE 0065 VERT 24 EMS 5 0,207

o

—F, BARGe PLEBRHNE LM TUMELALFT -2 L L T4L63BLOS3BEMORNL®D
XU HEINRT OB, CHOLEIBLVIERIREDH==2BEOXHD Vs Mo
b T3, ZC T, LXFEODTaALrF—L, TORBAGDF -2 3CDORNL OXHE
OEEERA BT LICL 1,

ORNLOXBMEZRINTWAPuBLUMAamoBRETA2LX80ozxrvF—L, EREM
FEOLXBRHBDEE, ThLh Table 6. & Table 7. WKKRL 12,

* 1 COXEICAIB I T 5 HiEd [ ARTNA-COHEN, Nucle Data, B6 (19710, 5771 T, 1
HEEE 7D - T B, | A

* 2 COXBMITERINTLS 205 keVORMEED3 3%, 17 4keVORBHSG 1L 4HBELF13.6
keVOLZBEDEEL, X2 , 27 DELELZL{ERT TS, (28 OLXB\OT F ¥ —
13 B6keVBLUFLT 4keV DRIMBISIT, CHR2D) &2 FE LW, 20 5keV DMHFEDSH M, KE
) TIRAIHBTHADICHL, XD TH, 0.3BLL-TWVE, LLEDOZ & SHETL T, XM
CEHINTVEF - £ OHMIITESD) CChi5|RT2EIK, LiRk2B) THERLI AN bD L
HTE 3,
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Table 6. Energy in keV of prominent L-series X-ray lines for
the element U-Np

Line designation (keV)
Element Z
L Lul LBl LY1
U (Pu) 92 11.618 13.615 17.220 20.167
Np {Am) 93 11.890 13.944 17.750 20.785

Table 7. Absolute L-X ray intensities in the decay of Pu isotopes

and 2*1pm

L-X ray % per disintegration

energy (keV)

Nuclide 11.618 13.615 17.220 20.167 [z 11.5~23
Pu-238 0.26 4,15 5.6 1.36 11.38
Pu-239 0.113 1.82 2.16 0.53 4.63
Pu-240 0.24 3.78 4.82 1.20 10.06
Pu-242 0.21 3.10 4.15 1.08 8.54

L-X ray % per disintegration

energy (keY)

Nuclide 11.890 13.944 17.750 20.785 |z 11.5~23
Am-241 * 0.86 13.2 19.25 4.85 38.2

*  y-ray {59.543keV¥): 35.9 %/dis.
(CONF 760202-20 Oak Ridge National Lab.)
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Nal @Il B EBIENE VY, Tables IR ULAc 1 L6keV, 136keV, 1 72keVE X
B202keVOUDL XBEFBLUCTCAETIZCERITENV, £ T, 116keVir 5 2072
keVETOLXBEEFELHDTHEY, LXBRHUEHAAGIAREZTCEBNTH—T 50115
keV s 5 23 keV ETORLHF V¥ —DHMEABEZ AT LABAROCTRATEC 2T 2,
205 OKEE S % BPu, ®Pu, Pu, BLU *Puk o THET HE, ZOMHEE,
Table.6 I RTHICENFTH, 11.38%, 4.63%. 10.06%, 8L U BE4H L5,

Licdi»T, Pud AALGRMMEAMENL S PuEB TR, Pudl a P DD 1 L5 keV
5 23keVOIANF DL XBOKNBSEERT 5. CROEDF—2EE-T, 5350
HEERKOPUNL X B L afokE (X)) 2L, cheMEERBRLSL X CHREHE
PEEERTRT &,

( X/a ) ='i— {( @Ry * XRo) + (@Rogg  XRaze) + (@Rpg + XRase) + (@ Rpgp ¢ XRogp) }

e @Ry = (I Ragg ® SAgz)
aR.ng = ( IRz ® SApwp)
IRese 3 **Pud @AM (V))

i .Eé242 ; 242Pu D 4
Sl_\gss 3 238']?110) aﬁf&@ﬂ:ﬁk%‘fﬁ‘é (QCI/g)
SA‘MZ ; ®pum : 4

s = (@Rypy+ @Rp+ aRpp+ «Ryp)

XRysg 3 Pud1TheVx v ¥ — RO LXROBHI &S

XRpz : *Puo ” ”
5B b, CONBIHERPuE YAmiKET 57— 2 & PuRMES L O Mm% %
& T Table 8 (LAY, |

WRAER T, PPunB AR EHEICES S 3 BEOBLALRKRLD Puic >0 TIHELE
X/ H% Table 8. KRT .

Tabled # 5, 1 DOBMELT, PPunBaAnBSRILR- T HBAE(HEC
Edbhb, TEOE, MPuoBEOLNEO0 Ml a HREIDOL XROMUEKE(LLLC
t%f\bfmé; REVE—FS b — FOPud X, ha 1.0& Lk, %%EWBW:M

(BPupt 48Wo) TREZ2G I LTs &1 B, |

Me=smo@8oNAMEE, LXOHEE (com) THY, Tt bHiH O Pud e
BAERMBD, Tabled 3, 77 VP AKREKCHAOAL PuEMABRLE, ERITE b 2k
ALK PuoRMARRESEL2EACR, Y hokEsAOTHET 5 4ENH 5
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Table 8. Nuclear data of Pu isotopes and 2*Am
He]f—1ife(:) Type of %P Specific
Isotope (years) radiation Energy Abundance (%) activity (Ci/g)
o 5.499 MeV 72
5.456 MeV 28
Pu-238 86 LX-rays | 11.5~93 ke¥ | 11.4 17.4
Y 43.49 keV 0.039
5.156 MeV 73.3
o 5.143 MeV¥ 15.1
_ 4 5.105 MeV 11.5
Pu-239 | 2.44x10"  IyTRys .5~ 23 kev 7.53 0.062
38.69 keV 0.0059
i 51.63 keV 0.02]
o 5.168 MeV 76
i \ 5.123 MeV 27
Pu-240 | 6.580x10" Iy e T 7.6~ 23 key | 1001 0.23
Y 45,24 keVY 0.045
B 20.8 keV 100
4,896 MeV
Pu-241 13.2 o 7.853 MeV 0.0025 1.13 % 102(g)
KopX-rays| 98.4 keV 19
Y 148.6 KeV 7
N 4,903 MeVY /6
_ 5 4.863 MeV 24 -3
Pu-242 | 3.79x10% Ty rays 1 77.5~ 23 kev 854 3.9x10
v 44 —
H.486 MeV 86
o 5.443 MeV 12.7
5.389 MeV 1.3
Am-241 4,58 x 10°% LX-rays { 11.9~ 20.8keV 38.2 3.24
' 26.36 keV 2.5
Y 43.4  keV 0.09
59.54 keVY 35.9
OF Table of Isotope (6th Edition)
@ ® a: Table of Isotope (6th Edition)
LX-ray: CONF-760202-20 {ORNL)
v: UCRL-51087 (Lawence Radiation Laboratory)
* o: UCRL-57087 {Lawence Radiation Laboratory)
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FRLT0A, CHBURERLELkEKOBEOEYTH 3,
PufpiEd X, iz, PuoRMAMBESEL A HESCROUXERACTHE T 2 &5

TE b,

LirL, EBOBRABTREBCPuORBMNAERLOBEREBICERBE L, TOHR
Baicl, RALALE PR IITRED, ~4 AT v 1A E2BT, Pusdains
fEmL, CORBOY A X — c ARHEEBAAOTRNET 3B LD FENS 5.

Table 9. X/a ratio obtaind from Pu of different isotope ratio

—35—

Isotope ratio (w/o) Correction
Grade X/o- ratiol facter
Pu-238 | Pu-239 { Pu-240 | Pu-241* | Pu-242 (K/k)
Standerd
grade 0.0034 97.36 2.58 0.056 | 0.0029 0.059; 1.0
Reactor
grade- 0.09 77.7 18.6 3.17 0.51 0.078, 1.3,
Pu-I
Reactor
grade- 1.2 48.0 28.5 14.0 8.3 0.104 1.7s
Pu-TI
* B-decay
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5.2 MSKEASEIORS |

CRA LI Puke FOBALSRAET R, AEONBRESILXBOT 2 L+ — 5
115keVA520.2keV EENTE DS, KMUBEIDBOICE » THRIRNBEA KA ¢ (LT 5,
LicdoT, 77V taDRBOREBES L POMBOKMABE LMD, BRINEOBRVE
BETHLE» 559,

ZCT, BMBEBRBLTIE -7 7 -F%2A0T, LXBOBRNEOREETE - 2,
T PORBBKESR, 2HACTERBERGBEBERACTRAE LE, BT Z 02
K20 TiT,

521 LYXBBLIUrHBoRKMEBICHT 2RNRAE

WHEGOBBELTE-T7 X7 -F2HAL, *Amd 6 0keV, . 1 7 keV T i 4 & — fHH
BLUOPUD 1 TkeVI XAV F -—FHIEODOTREEEEZR D, E- T RF—FREIK
Vm®DsDEIFRER, EE3H10m, 0m, BmBLEmoOBOBNELEZLENKD .

CORUEHEREFigUITRT, MIEERRIRNEANBOBORNES L 0 KEBLLT.
A~L7T, |

Fig 4B T, *AmD 60keVOD r BICH T 2 X MBI HH0m, *Amd 1 7 keV T #
VF-RBOLXBICHLTIRE5m, Pud lThkeVZ A v ¥ —FEOL XBICLHL TR,
55mTH B,

RMLCI17TkeVIAAF-FEBRTS M PuOLXBIROVTHET 2 &, *Am D F p
BB EHNS DR, M AmM B 26 keVIC r BABML, 2D a7 b w4, 1 7TkeV
IANE-HBCEETECLITL S,

¥, Pud 17TkeVZ A AF-HEBILHT 2 RNGESREEOEIBETOAT,
—E@%ﬁ%ﬁfﬁénaﬁﬁ;D@é@mmma@ﬁéﬁﬁmm,ka%ﬁiiwﬁ
—NVFK,”%ubﬁ&?%BZMV(ﬁgﬁiﬁ)@rﬁ@:yffyﬁﬁﬁ%%bf
WEZEILLEHDEEZLZ LN S, |

522 b FORBKERESHE
PuOBH T 5 I ThkeVZANF —FHBOL XBO, RAMICHT BEMEIL5 2 L HT
BFESEEmENS BETHY, £5, MEKE-TEBAEELAKBRNE S, |
BOKEETE, MTHERE S OEMF — 25500 < ohHlE 3T 2 2303 gx A0 g
BEMBESORAMT - 2 0BE L, —F, WhoPuzEBT 2ICI, DMK
RBESORBBBERTRTH 210, UTFTKBRZHEAAOTE b O o RER
BEXEZREL K,
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Relative attenuation

1111

Absorber: Beafsteak

1.0 2415y 50~68keV

2&lAm 11.5~23keV

1071

'10"2 | . I J - L
0 10 20 30 10
Thickness of absorber {(mm)

Fig. 14 X-ray and y-ray attenuation curves shawing attenuated
X-ray and y-ray fraction versus thickness of absorber
(Beafsteak).
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RELRIE, Photo. 6 WARTHHAELENBEREE (MANL T+ at®, E-218,
4 —; 3MHz) #EHL, BEBMRB 3 IHMIcE~BEZSOMBIRESHEI S THE
ODHEOMBR v+ —DHFLBLEHRELL, HESRAREIBRABFOLETDH 5, #l
ERER, RAOHNOEEEE L -2, MEFROEHED 1 #% Photo. 7T ILRT .

CZORMBORERERE, e rORBLEOBEBITFEBLOELNEERD Iz, HEOD
NI A—2ELT, R, KE, KE/HFE, WA, WE, B3LUCREBEZL -k,

Table 10 Z DEMUR & HEFRERRERT,

Table 10. Correlation between soft tissue thickness and body build parameters

Fquation of Teast squair fitting ggg??}g%;%g (v)
Soft tissue thickness{S.T.T.)=8.72 xWeight/Highet - 1.11 0.84
S.T.T. =-0.016 x Height + 23.0 -0.240
S.T.T. =0.438 x Weighet - 5.91 0.77
S.T.T. =0.634 x Brust surface - 35.7 0.72
S.T.T. =1.24 xBrust width-15.1 0.63
S.T.T. =1.39 xBrust thickness - 9.11 0.59

Dimension <:Soft tissue thickness: cm; MWeight: Kg; Height: cmj>
Brust surface , Brust width, Brust thickness: cm

Tablel). » CKHERES L RE /BERS-FHBREOogG bR 5, TOERK
PORE/ EEOEERNT, BABAOKMGE S4RET6C BT, KE/ 5§
RLHRHEBEIOBELX 77 7KEDLALEDZ Fig5itRT . RAET60Z0RBEM
WE 513, FH205cn, EEEEQS6 5, RIE Lo, RAI2mTH -7, |

—h, RECRWKEZ Y F7 7 Y P2OBRBBREBEREEELACTRAEEAS 728,
AREBPEELTHO T AHED, RIBZSATVALHBEESEELET, HlET
=R A/ RPN A
RLT, 77 /P AOEDHLHBRMBES EHET S D, 7o/ PAOHEXH
EEBREETRY, SO0 DAr -T2 tORELH LHBERBEXOEMURK, 77>
FPADBREZGEEZRALZ 7 Y PLADENHNLUERMUBESIZHEE L, TOHBR, 7771
LADRBOBRINERZ, £t OREBEZX 34 asZE@liTrsl ihbhs,
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Photo. 7 Ultrasonic tomograph of chest wall
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Fig. 15 Correlation between weight/hight ratio and soft tissue thickness
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LX rays or y-rays / min / ug of Pu mixture

10% 1 T T T T T T T T — T T T T T
2 z =
i Pu-isotope ratio (w/o LX-ray from total Pu”/ LX-ray from 23%Py 7
_ Z38py, 0.0034 .
i 23%py | 97.36 |
2%0py 2.58
. 241py 0.056 .
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Fig. 16 LX rays and y-rays activity versus time for stated isotopic Pu mixture
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Fig. 18 LX rays and y-rays activity versus time for stated isotopic Pu mixture
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Fig. 19 Relation between soft tissue thickness and counting efficiency
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Fig. 20 Relation between soft tissue thickness and minimum detectable amount
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—52—



Table 11. Detection efficiency and minimum detectable amount

Minimum detectable amount for

Detection efficiency {cpm/nCi) average PNC man  (nCi)
(1) (2) (3) (4)
Pg grade ) Rando phantom Avgrage PNQ man(Cbest soft 1dea1 cggdi?ign Actual qudi?ign
Pu isotope ratio (w/o) tissue thickness=2.03cm) |(Without *%K,%37Cs)|(Include *°K, Cs)
Standerd grade Pu
238pyy [233py |240py|2klpy | 242py 0.16 0.44 5 9
0.0034(97.36| 2.58 [0.056 |0.0029 .
Reactor grade-Pu-I
238py | 239py |24%py |24 1py | 242py 0.21 0.58 4 7
0.09 | 77.7 | 18.6 | 3.17 | 0.51
Reactor grade-Pu-II
238py | 239py |240py |2 1py | 24+2py 0.28 0.77 3 5
1.2 | 48.0128.5|14.0 | 8.3
2% 1pm 27 32 0.12 0.3;
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Table. 12 Result of lung counter in human subject

Gross counts/min of each energy band {cpm)

Background of

Number of subject:

* Counting time

** Counting time

54—

N=120

3,000 sec

Subject * monitoring room **
11.5~23KeV | b0~ 68KeV | 11.5~ 23KeV | 50~ 68KeV¥
Mean
_ “12.7 41.4 8.54 12.5
X
Standerd
deviation 1.28 3.52 1.16 1.34
o
3o 3.84 10.6 3.48 4.02
Date : 20-Nov.-78~ 26-Dec.-78

50,000 sec (n;=2])
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Table 13. Average and standerd deviation of body build

Parameter Mean Standerd deviation
Weight (Kg) ' 62.5 7.10
Height {cm) 167.4 5.81
Chest thickness (cm) 20.5 . 2.76
Chest width (cm} 29.4 1.50
g??iﬁmstance (cm) 83.0 5.12

Number of subject: 120
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