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URANIUM DAUGHTER GROWTH MUST NOT BE
NEGLECTED WHEN ADJUSTING PLUTONIUM

MATERIALS FOR ASSAY AND ISOTOPIC CONTENTS

by

S. F. Marsh, W. D. Spill,
si. M. Abernathey, and J. E. Rein

ABSTRACT

Relationships are provided to compute the decreasing plutonium content
and changing isotopic distribution of plutonium materials for the radioac-
tive decay of M"Pu, 2"Pu, 2wPu, and "2Pu to long-lived uranium daughters
and of "'Pu to '"Am. This computation is important to the use of plutonium
reference materials to calibrate destructive and nondestructive methods for
assay and isotopic measurements, as well as to accountability inventory
calculations.

I. INTRODUCTION

Calculation of the decreasing plutonium content and changing isotopic distribution of
plutonium reference materials for the radioactive decay of 241Pu to 3"Am is generally applied in
analytical chemistry laboratories. Not usually recognized is that the effects of the radioactive
decay of ""Pu, 2WPu, "°Pu, and "2Pu can exceed that of S41Pu decay, depending on the plutonium
isotopic distribution of the material. This is the case especially for materials having low 2tlPu
isotopic abundances, a characteristic of presently available National Bureau of Standards "Stan-
dard Reference Materials" (SRM) certified for plutonium assay use.

The calculational relationships in this report provide, as a function of time, (a) the plutonium
content, (b) grown-in quantities of ""U, ""U, ""U, S"U, and "'Am, (c) plutonium isotopic dis-
tribution, and (d) plutonium atomic weight. The Fortran IV program for these calculations is
provided as an appendix.

II. DISCUSSION

A. General

For a time interval At, th? number of parent atoms decayed is

; primely o w n e d n

(1)



The published t i values'3 for the five pl.utonium isotopes given in Table 1 should be replaced by
more reliable values as they become available. Table I also provides the atomic weights of the five
plutonium isotopes, four uranium daughter isotopes, and "'Am. Alpha decay, the main decay
mode of "*Pu, M"Pu, a40Pu, and "aPu, produces long-iived uranium daughters having essentially
four fewer atomic mass units than the plutonium parents. The calculations account for these
mass changes. Beta decay of M1Pu to ":Am does not change mass significantly, but does, of
course, change the plutonium content.

TABLE I

PLUTONIUM ISOTOPE HALF-LIVES AND
ATOMIC WEIGHTS

Isotope

238
239
240
241
242

•Ref. 1 for "BPu,

Ref. 2 for " 'Pu .

Half-Lite, Yr*

87.8
24 390
6 540

14.7
387 000

mPu, "°Pu, and T u .

Atomic Weight

238.0495
239.0522
240.0538
241.0569
242.0588

URANIUM DAUGHTER AND "'AM
ATOMIC WEIGHTS

Isotope Atomic Weight

M 4 V J 234.0410
M 'U 235.0439
3"U 236.0456
"°U 238.0508

"'Am 241.0568

B. Plutonium Mass Decrease

The general equation giving the mass decrease of an individual plutonium isotope with time is

(AW)p f (Noy (1-e " ( A t ) ( l n 2 ) / ( ^P i
) ] / / 6 .0225 E17

(AW)p (NQ)p /6.0225 E23

which reduces to

) p / («o | |. (3)



in which

AP, = micrograrus decrease of individual plutoniuni isotope, P,
Pt = grains total plutonium
(AW)P| » atomic weight of Pj
(AW)Pt =• atomic weight of P.
(No)pj *= atoms of Pi per gram of Pt at initial time
(NO)P[ ™ atoms of Pt per gram of Pt at initial time
At =• decay time, years
(t$)pj = half-life, years, of P,
(AFo)pr = atom abundance fraction of Pi at initial time.

The total mass decrease of plutonium is the sum of the five iR'Jividual plutonium isotope mass
decreases.

C. Uranium Mess Increase

The general equation giving the mass increase of a uranium daughter with time is

AU / P - (AP. / P i KAW>u •' (AW)p , (4)

in which

AUI = micrograms increase of uranium daughter from decay of parent Pi
(AW)u.= atomic weight of Ut.

The total mass increase of uranium is the sum of the four individual uranium isotope mass
increases.

D. "'Am Mass Increase

The =4lAm mass increase is not aignificantly different from the M1Pu mass decrease given by Eq.

E. Plutonium Content

The equation giving the decreasing plutonium content with time is

A - A D/1E6
(5)

A -A D/1E6 + (1-A ) + A G/1E6
o o o o

which reduces to

A (1E6) - D)
A - - 2 , (6)

1E6 - AQ(D-G)



in which

A = plutonium content, t^ams plutonium per gram material, at time t,, + At
A,, = plutonium content, j?r& i:s plutonium per gram material, at time t,,
D = total plutonium mass fwtrease, micrograms plutenium per gram initial plutonium, during
time At
G = mass increase of "'Am and total uranium, micrograms per gram initial plutonium, in time
At.

F. Plutonium Isotopic Distribution

The basic equation applies:

)1
J •

The five Nt values are computed and renormalized to a total atom fraction of 1 (tota* atom per-
centage of 100).

G. Plutonium Atomic Weight

The atomic weight of the plutonium at time t,, + At is given by

(AW) = \ J <AF) (AW)p I , (8)
t • ^ i i

in which

(AW)pt = atomic weight of plutonium. at time t0 + At
(AF)P. = renormalized atom fraction of individual plutonium isotope calculated by use of Eq.

(7)
(AW)P. = atomic weight of P,.

III. EXAMPLE CALCULATION

Table II gives the decreased plutoniun? content; grown-in quantities of aMU, 5"U, "*U, M8U, and
M1Am; and changed plutonium isotopic distribution for a plutonium metal typical of a National
Bureau of Standards SRM at a 10-yr At. For purposes of demonstration, the initial plutonium
concent is taken as 1 g Pu per gram material (or 100% purity). It is noted that the plutoniu::i con-
tent decreases 0,05% from 100.00% to 99.95% and that 0.02% (or 40 relative per cent of the 0.05%
decrease) is caused by "'Pu decay.



TABLE II

EXAMPLE CALCULATION FOR 10-YR DECAY

Pu
Isotope

238
239
240
2'41
242

(AW),

(AFo)p.

0.00003
0.97617
0.02324
0.00054
0.00002

= 239.0784

(AF)F,

0.000027,
0.97638,
0.02322,
0.00033,
0.000002»

I

A P , / P T >

Mg/g

2.268
277.353

24.719
204.693

0.000,

2 = 509.033

Daughter
Isotope

2"U

2 M TJ
"'Am
M>U

Formed

Mg/g

2.229
272.703

24.306
204.693

0.000,

Z = 503.931

Plutonium Content

A (1E6-D)o

1E6-A Q (D-G)

K1E6 - 509.033)

1E6 - 1 (509.033-503.931)

0.99949, (or 99.95%)o

Plutonium Atomic Weight

(AM) = V f ( A F ) P (AW)P I
t Z , I i i I

= (0.0000277)(238.0495) H- (0.97638,)(239.0522) + (0.02322,)(240.0538) + (0.00033,)

(241.0569) + (0.000020) (242.0588)

= 239.0759.

REFERENCES

1. N. E. Holden and F. W. Walker, Chart of the Nuclides, Eleventh Edition, Knolls Atomic
Power Laboratory (1972).

2. E. Garner, National Bureau of Standards, Personal Communication, April 1976. Also value
recommended on National Bureau of Standards certificates for plutonium SRM.



APPENDIX

FORTRAN IV COMPUTATIONAL PROGRAM
LASL IDENTIFICATION: LP-0710

• inpuT<auTPuy>
tfOl 1 OC************ • • • • • • • • • •<»•*• •*•»• •«• • • • • • • • • • • •»• •? • • •»• • • •*«• • • • • • • • • •
001SOC
00130C PPOGRRM TO CRLCULRTE PLUTONIUM PUPJTY DECPERSE HS ft FUNCTION DF
00140C TIME. WRITTEN 5-12-76 BY W, DfiLE SPfiLL FOR USE DM THE LftSL 6600
00150C KPGNOS TIDE !HHRIHG SYSTEM.
00160C
00170C THIS PSOGPFtM GEMERRTES TfiBLES OF DAUGHTER ISOTOPE GROW-IN BRSED
00180C ON AM INITIAL ANALYZED PLUTONIUM CONTENT RND ISUTOPIC D2STP-I BUT ION.
00190C THE CALCULATED VALUES APE TP.BULRTEO BY THE MOUTH. WITH ZERO TIME SET
002000 AS THE FIPST DF THE MONTH LiESI6HAT£D BY THE ANALYSIS DRTE. THE
00210C VflLUES CALCULATED flPE FOP DHE MOUTH IMTEPVHLS FPDft THRT ORTE. CFIPE
00220C MUST BE TBKEF4 IH SELECTING THE STfiRTlMG DDHTH UKTE TO MINIMIZE THE
00530C EFFECTS OF PfiPTIrtL MONTMS. THE PU 1SQTDPIC PISTPIBUTION MUST BE IN
0024 0C HTnn PEPCEHTS. SINGLE TIME VflLUES CHNHOT BE CftLCULftTED EHSILY.
00S50C
OOSfef.iC VftPIfiBLE LIST
00S70C 1TIT. CDM1. CDM?-< COM3 ~ FREE FORM INFORMATION LINES
00580C PU' l TD 5- — IMITIML PLUTONIUM ISOTOPIC 238 TO 242
0069 0C UG — INITIftL UPHtUUM CDftTEHT IU UG'-G
00300C CRM — INITIHL ftMEPICIUM CONTENT IN UG'G
0031OC PUI — INITIAL PLUTONIUM PURITY IN PERCENT
0032 0C OUTPUT OPTIONS
00330C K2 — INDIVIDUAL UPHfUUM ISOTOPIC GROU-IN IN UG
00340C K3 — TDTHL UPflMIUH 6P0W-It< U\ UG
00350C K4 — TOTFlL RMEPICIUM I5POU-IH
00360C K5 — PLUTOrtrjM PUPITY 111 :
00370C K6 — PLUTONIUM ISDTDPIC VftPIfiTIDN ftS FUtCTIOfl OF TIME-RTOM 's.
00380C V — NUMBER OF YEfiPS TO BE COVERED Iff THE TftBLES
00390C fi — TDTftL NUMEEP OF MONTHS TO FE COVERED IN THE TfiBLES
00400C SPU — SUM DF THE UG PU LO'TT IN TIME DELTFl T
0041OC SU — SUM DF UG U GRINED IN TIME BELTfl T
00420C U234.U£35»U236fU238 — "'•• nF EftCH U ISOTOPE GRINED IN DELTR T
0 04.30C PUS38fPU239>PU240jPU241.PUc4<; — UG PU LDST \\\ DELTR T
00440C PLIPE — PU PUPITY I"( TIME DELTfi T
00450C FlU — INITIftL flTOMIC HEIGHT PU CftLCULRTED FROM ISOTOPIC
004ii0C HWT — HTOI1IC I.IEIGHT PU ' HLCULHTED HT DELTH T
00470C RM2«U — UG RM241 FORMED IN DELTfl T
0048 0C PUfifPUB>PUC.PUD«PUE — HTOfi "i PU ISOTOPES IN DELTR T
00490C TIK — IiELTfl TIME IN DECIMflL MONTHS
00500C T ' l TD Ŝ  — HftLF LIVES OF PU USES IN DECflY CfiLCULftTION
00510C
0 0 ^ 2 0 C • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • * * • • • • • • • • • • •
flil?.5i1 DIMEMSJOM ITIT'8> JCDMI <8> > COM2 (8> J COM3 v8> f T<5> >PU<5> f SUi300> t

J235<3OOJ >U236<30CO JU238<300> fRM841 <300> »PU238v300> f
« PU240 <300> tPU241 <300> tPU242*300> fPUPEOOO) f

0 056 0-rT IM <3 0 0 J » i P U • 3 0 CO
00570 101 PPIMT 100
H05SO 100 FOPMftT <r*PU DECRY TftBLE GENEPRTCP^f /"J
005?0*»RLL INPUT VftLUES MUST EITHER BE TERMIMfiTED BY ft DECItiflL. OR^f-'j
i;i0t.00+«CDNTfiIN ft DECIMRL. THE EXCEPTIONS RRE THE OUTPUT SELECTIONS*.'»
OO6iO+*ftND THE flMRLYSIS DRTE»>
00620 PRINT 110
00630 110 FOPMftT(•INPUT SRMPLE N R M E — U P TO 80 CHRS*>
00640 READ 120» < ITIT<I>J1 = 1.8>
00650 120 FOPMftT'fifties
00660 PRINT 130
00670 130 FDRMftT<*INPUT UP TO 3 LINES OF COMMENTS OR 3 SPRCE-BfiR RETURNS*)
006S0 PEfiD 120. •CDM1 < I > J I = 1 J 8)
00690 P.ERD 120. <CdM2 vl> . 1 = 11&>
00700 PERD 120. (COM3 CI> . 1 = 1.8)
00710 PRINT 140



0 0750 140 FOPriftT<»INPUT DHTE RMRLYZED MS MMYY*,
OM730 PEKI' 150 • DMTE.YERR
00740 150 FC]PP1ftT(5F5.0>
00750 P P I N T i t o
00760 160 FOPCMTf* INPUT PU IS0T0P1C DISTRIBUTION RS RTOH PEPCENTS* .^ ••^U£36
00770 FEHD 170. FU'1>
00780 560 FOFtiMT* II)
00790 170 FOPMHT'F1O.0>
OOSOO PPIMT ISO
oosio 180 FapnHTf»pije3S'«,
OO«cO PEPD 170. PU<5)
008HO PRIMT 190
'10S40 r?0 FO(?MftT<'»f'U ^40»>
0vS50 frEflli 170, PU:3J
008b0 PPIMT £00
COS70 £00 FOP-IIMT< •PUa* 1 • >
0M:?30 PEflP 170.Pi.K4''
01.1690 PRINT «?l(i
Oi.ivOO 310 FDPMflT(»PU24a»)
00910 PEHC 17O.PU'T.>
00950 PPIHT c50
00930 £cO FDPM1HT<*IMPUT 1NITIRL flMRLYZED TOTflL UPftMIUM CONTENT IN U'5'G»>
0 094 0 PERU 170» U'5
00950 PPINT £30
00960 £30 FQPMHTf»IMPtlT INITIAL flMfiLYZEL ftMERICIl'M CD^TEMT Ih Ui5^G«>
00970 PERD 170 • GfiM
009HI.I PPINT 54 0
00990 540 FDPMHT<*INPUT INIT5RL RHHLYZED PLUTONIUM CDHTENT IN PEPCEHT»>
01000 PEflU 170 . PUI
01010 350 PPINT 3 3 0
01050 3 3 0 FORMHT< •INPUT NUMBEP DF YEfiPi T(J FE CDVEPEP W THE THPLE" t i l YY.»
010 30* ' .»THE riECIHHL IS FEOUIPEB. HMP HOT HDfrE THHN 5S YEftf 1*Y EE UOEP»>
010-iO C'Ffiti 170> V
01050 PPINT 340
01060 340 F D P M M T ' * I N P U T f\ 1 FDP EflCH DUTPUT DPTIOn I ic ' IKED, H ."EPO 6 I V E S * » ' J
01070+*ND OUTPUT FOP THfiT TSBLE* >' t^INDIVIDUI^L UPMN1UM lSOTOPt GKDU-JH IN U
01080 PEHD 560>K£
010-30 PPThT 35 0
01100 350 FaPMt=iT'»TDTFlL UPHNIUM GROW-IN IH UG» >
01110 PEflD £6 0 . Hi
01150 PPINT 36 0
i"'l 130 360 FORMMT<»TOTftL ftfiEPICIUfi GROU-IN IN U'5* >
Ot 14i'i PEHf 5 6 " . I- 4
01150 PPINT : T U
01160 370 FQPMMTI •PLUTONIUM PUPITY IN "-. TjUE TD DECRY*)
0!17 0 PEftD 56 0- r 5
01 1:3 0 PPIMT 39 0
01190 380 FOPWiT<»PU ISDTOPIC TJISTPIEUTIDN Hj HTOM '-. FOP. MLL PU ISOTDP£S»P
oi £oo PF*;> 5<;o. vt>
0151 OC :ET UP INITIfIL INDICIES
01550 t- =IIMTE
01530 L = h+1
01540 M=t£.*Y
01550 M=* *r,
01560C CEPD INITIf lL WEIGHT iiPPRYS
0 1 5 7 0 HO 390 1 = 1 >>•
01530 ;PU< 1^ = 0.
01590 :U' I>-0.
013 00 (J£34« I) = ri.
01310 U£35<I>=0.
01350 Uc36fI>=0.
01330 U53S<I>=0.
01340 PU538f I ) = (i.
01350 PU£35«I>=0.
01360 PU540<I1=0.
01370 PU54K I> = Ci.



01 380 PU242U)=0.
013 SO RM241<I> = 0.
01400 PUPEUJ=0.
01410 390 CONTINUE
01420C CHLCULftTE I l i lT IHL ATOMIC UETGHT OF PU FROrt ISDTOPIC
01430 Pl-PO <.'.)*£. 380496
01440 P2=PU<2> •2.390522
014*3(1 P3=PU<3>*2.400538
01460 P4=PU<4>•2.410569
014 70 P5=PU<5<^2.42 0588
01430 l=IW-Pt*P£+P3*P4*P5
01490C SET IN HHLF LIVES IM YERRS
01500 Hl>=3?.8
01510 T>:2> =24390.
01520 T<3;>=6540.
0 1 5 3 0 T < 4 > - 1 4 . 7
01540 T-.5} =387000.
01550C GEMEPfiTE BELTft TIME
01560 DO 400 I-L.H
01570 fi=I-K
01530 T1M<I>--P/12.
01590 400 COMTINUE
01600C SET IMIT.IHL VflLUES
01610 SPU-'K>-PUI
01620 SUslO-UG
01630 flri841 <.K>-GflM
01640 PUPE<K>-PUI
01650C CfiLCULflTE GRDU-ir( HUD DECHY
01660 PUI^PUI^'. 00.
01670 DD 410 I -L.N
01630 f>---<nLQ6<2.>*Tlet'l>>
0169Ci E 1 = 1 . - E X P . P . ^ T ' 1 . ) >
0 1 7 0 0 E 2 = 1 . - E X P . P ' ! • •£>>
0 1 7 1 0 E 3 = 1 . - E X P ' P - T • 3> ••

01730 E5-1.-EXP-P--T-5>>
01740 U234<I>-2340410.«PU >1>*F1 -RW
01750 U235 H i --2350439. *PV • 2> •E2/'ftU
01 76 0 IJ2 36 < I > -£• 36 0456. •PU • 3> *E3 ' fll<l
01770 U2 3:3-1 ;• -•£ 33 05 OS. *PU - 5 > *E5^ft l "
01 780 Mf-1241 •• I;. -£-41 0568. •PU -4> *E4^Fil-i+GftN
01790 PU238vI> =2330496. •PU ' i ^ E l / f l M
018 00 PU239 >. I> - 2 3 9 0 5 2 2 . •PU • 2- •E2'f t l , l
0131 0 PU24 0 •• I ) =£400538. •PU < 1' •ES'HH
01320 PU241 <O=£410569.*PU<4)»E4^f tW
013 30 PU£4ea>=£4£0588.»PU<5->^E5rflW
01S40 SU'1>=U234'I> +U235<I> +U£ 36 <I> +U238 <I)+UG
ft'. 35 0 SPU (. I > =PU£38 < I > *PU239 (1) +PU24 0 < I > +PU241 < I > +PU242 f. I)
013-iOC HT THIS PDIMT SPU IS PU DECPERSE IN U6--CDHVEPT TD G^TQTflL G
01370 S=PUI»UE6-SPUfI)>
01880 ;S^lE6-'PUI^<SPua>-PU241 <I)-SUU>>>
01390 PUPE -::i> = l 00. •S-'SS
01900 410 CONTINUE
01910C PEFtHY FDP OUTPUT
01920 PPINT 420
01930 420 FQPMFIT <•'•"••'/'''/•>
01940 PPIMT 430
01950 430 FQRMRT'>tRMPLE I MFaPMHT I DM HTDM PEPCEfiT IHPUT nf=ITfl̂ >
01960 PPIMT ISO. '.ITIT;I>.I = 1»8>
01970 PPIMT 120. 'XDMl -I : . I--1.8)
01980 PRINT 120 . -XDHS • I> . 1-1»8>
01990 PRIMT 120> (COM3 •: I i . 1 - 1 . 8 /
02000 PPIf<T 440.DHTE. YEfiP
02010 440 FOPMf)T<W/»^IiFlTE flflfiLYZED— MONTH-YEftR*»F3. 0. • - • , F2. 0>
02020 PPIMT 450. UG
02030 450 FOPMftT-'MNITlHL HU8LYZED UPRMIUM • . F 6 . 2 . ^ U6/i3>>



lie (.14 0 PRINT 46 0.I3MM
05050 460 FOPMMTC^ IN IT IRL HNMLYrED RC1EPICIUM • >Ffc..5.» UG--6«>
050? 0 PPINT 47n,PljI
05070 470 FDMifiT<»INITlt"iL ftMHLYZED PLUTCMIUPI PUP 1 TV • .F9.4.O PERCENT*)
0 5 0 8 0 P P I N T 4 b O > < P U < I > «T< I ) . 1 = 1 , 5 >
05090 4*0 FOPnflT<*imrif iL PLUTONIUM ISDTOPIC flND C.ORPESPONPING NRLF-LIFE*i
05100*. . • c i ? PU».F9.'5.5X.F7.1 , / ,*539 PU» tF9.5 >£X .F7 .1 • • .«£4U PU*.F9.5t5rf .
Del lO+F. ' . l . - ••£41 PU».F9.5.5>;>F7.1 >/.*545 PU* >F9 .3 »c:.y #F6 . ! »^',>
O.Jlc.'O PPINT 490 »HI,I
C^13Ci 4^0 F0P(1«T(»CRLCULMTED IMITIPL flTQMIC HEI6HT OF PLUTOM1(J«« . F l £ . « .--.O
iid'140 ^^0 IFi»£.E(J.l-> 5fc'-'.blCi
0£!50 56 0 F'PINT «.7O . • I T I TO ) . 1 = 1 .8)
05160 5ro FCJPflrtr'10'.n/ 23* &PDW-IN IW U 6 / G * » / / . S H 1 0 > ' . O
OclTO CflLL DUrp(U£34 •H.YEfHP)
O £ 1 S O P P I M T 5 S 0 » < . I T I T O > . 1 = 1 . 8 )
O c i ^ O 5 3 0 FOPMftT< 1 0 ' . • U £ ? 5 G B O W - I N I M U G ' G » » " . & r t l 0 »• •'>
O^aOd CMLL D L I T P < I I £ 3 5 » M . Y E F I P ^
02^10 PPIMT 590<(ITIT^J).J-l,8J
02££0 590 FDPfflT<10^,*U £ 5>i GROU-IN IN UG'-G* . ^ / .&H1 0 . ' - ' >
O.Sa3u CflLL aUTP>lJ£36.M.VEfiP>
0 i 5 £ 4 0 P P I M T 6 0 0 . i 1 T I T U - . . 1 = 1 , 8 )
0£c5Ci 600 FQPhflTt 10- >»U £.iS GFDIJ-IN IM IJG'G* ts s .3ft l 0 , ^ ' >
OiJi'ibO CflLL DUTP<Uc138.n,VEfiR'>
05^70 610 IF«K4.E0.1) t.£0.64l.l
0££80 6^0 PRINT 630.<ITITfI>.1=1,8>
0c£90 63P- FDPMHT< IP' f»TOTRL URfiMIUM GROW-IN I I U6^G« ./-^ »8H1 0 <.// >
0^300 CRLL DUTP< SU.M.VEFIP)
L15310 640 IF!K4.EO.l-1 650.680
0c'3£0 650 PRINT 670 . < IT I T< 1> . 1 = 1 ,8>
05330 670 FDPMHTf 1C" »»TDTHL fiMERICIUM GrfDU-IN IN UG'G* t" .8ft l 01'/>
05340 CftLu 0UTP'fiM£41 .M.YERP^
0^550 680 IF' .KS.EO.n 690.710
0 £ 3 6 0 6 9 0 P R I N T 7 0 0 • v I T I T < I "> . 1 = 1. , e >
05370 700 FOPMftTClO'.•PLUTDNIUCI P W I T Y QF RCTH IN PERCENT* , ^ ^ ,8R10 .>^>
053&0 CfiLL PUUUTfPUPE.YEKPjY!
Oc'390 710 IFCK6.E0 .1 ) 7^0 .770
05400 ?£(! PRINT 740 , < I T I T O > . I = 1 »SO
05410 740 FDRMflTf 1 0 ' . • V f i P I f l T ION DF PLUTDNIUM ISDTDF I O ,// ,8 f t l 0 . ' ' t
i''5450 + »MD YP 5?:? PU 5?? PI ' 540 PL) £41 PU 545 PU* •
Mc-4 :-.•(.'+• flT . MT.»^
0544t>C LflLCULtiTE MTDMS DF PU FOP HTQM '•'. fiNB NEW HTOKIC WEIGHT
05450 I»l=I>ftTE*l .
05460 Yl=YEflR
05470 LIME^l
0 5 4 8 0 DG 7 5 0 I=L>M
0£4'r '0 i = 0 .
05500 PUfl=PU<
05510 PUB=PLK
".H550 P(.iC=HI<
r>55 30 PUD=PU < 4 ,> • < EXP ( -RLOG <
".•-540 FUE
",-550 i =
05560 PU
0557 0 PUB=POB*10 0 . ' Z
05530 PIJC=PUC*100.'S
0559C. PUD=POD*I00.-'S
05600 PUE=PUE»100.'S
0561 0 G1 =£ . 38 0495»P(.l«
05650 G5=5.3905£5*PuB
05630 G3=£.40054*PUC
05640 G4*2.41056'>PUC
05650 G5«=£.450587«PtJE
05660 RtlT=GI+ta5+G3*64-»G5
05670 PRINT 760 .El >Y1 »P(Jfi .PUB .PUC .PUD »PUE .RWT
05680 760 FQPWflT<F2.n,X.F£.0»6CFI0.6»5.V)>
"."•690 LINE=LINE+!



02700 IF(UNE.GT.50)900>751
02710 900 PPINT 740.<ITIT<I).I«J.3)
0.2720 LINE=1
02730 751 Bi=I)l + l .
G£740 IF<D1 .EG.13.)765»?50
02750 765 Dl=l.
02760 Y1=Y1+1.
02770 750 CONTINUE
02780 7?C PRINT 420
02790 PPINT 780
02800 780 FOPMfiTOlF NEW SflMPLE DESIRES. TYPE 1 - IF DIFFERENT OUTPUTS*.'.
02810+*DF SfiME DflTfl IS DESIRED. TYPE 2 - TYPE ZERO TO END*)
OaSZG REfll' 260.K7
02830 IF(K7.Efci.0)1000.790
02840 790 IFCK7.EQ.O101 .800
02850 800 IF(K7.EG.2.'>3e0»1000
02860 1000 CONTINUE
02870 END
02830 SUBROUTINE: DUTPCfl.B.C)
02S90 DIMENSION 0(300)
02900 INTEGER B
02910 PRINT 100
02920 100 FOMIKTCOYEHR JflN FEB MAR flPR MRY JUN JUl. RUG*.
02930+* SEP OCT MOV DEC*)
02940 D=C+1900.
02950 IFCfl<:B).GT.999.)140fl50
02960 140 DO 160 I=1.B.}£
02970 N=I + H
029S0 PRINT 170.Dii:rt<J) .J=I .N)
02990 170 FOPi1f)T<F4.e!>2X..«2<F3.0»X)>
03000 160 D=D+1
03010 GO TO 180
03020 150 »• 120 1=1.B.12
0 3030 N=I->M
03040 PRINT 13P.flf;flCJ>.J=I,N)
03050 130 FDP.PlftT(F4.0.2K«12f:F5.1fX))
03060 120 D=D+1.
03070 180 D=0.u
03030 PETUtfN
03(1̂ 0 END
03100 SUBROUTINE PUUUT'.fi.B.C)
03110 DIMENSION MC300>
03120 E=1900.+B+C-i.
03130 F=E+1900.
0314 0 1-1
03150 150 F1=F+1
03160 F£=F»2
03170 F3=F+3
03130 F4-F+4
03190 PPINT 1OO.F»F1.F2.F3.K4
03200 100 FDRMHT<5/'.*liaNTH*.eX.F4.0»4<llX.F4.0);

03220 160 PPINT 130 .D.fl< I ) >fl<. 1 + 12) >H<I+£4> »fi<I+36> »fl< 1+46)
03230 '30 FDfW:T<F2,0,4X.Fe.4»4<6X»F8.4)>
03240 D=P+1.
03250 1=1+1
03260 IFCD.EO.13)140.160
03270 140 D=l .
03280 1=1+48
03290 F-F+5.
03300 IF<F.6E.E)170.150
03310 170 F=0.
03320 RETURN
03330 END
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S)=IHPLE it(FDPriflTiat) ftTnn PERCENT IMPUT DHTR
EXAMPLE CfiLCULftTIOH FOR 10 YEflR DECHY PERIQD
THIS IS FfilPLY TYPICffl. OF PLUTONIUM METHt MBTER2RLS
THE i r t lT IRL PUPITY HRS BEEN SET TO lOO* FD« THE SflKE DF CLHRJTY
THE IM IT IHL l i j 5F1YEP ftMOUHTS DF URflHIUM f'MD HMERICIUM HfiVE BEEM fiSSUMED TO 0

OrtTE RHHLY2ED— MBHTH-YEflR 1-76
IftlTIBL f>HF\LYZEE UPAfflUM 0.
INITIFH. WIHLY2ED Hf-ieRICIUM 0. UG-'G
IfdTIftL fillfiLYZED PLUTDHIUM PURITY 1.0000 PERCENT
IMITIfiL PLUTDMIUM ISGTOPIC HUD CaRRESPDHDIf(6 HfiLF-LIFE
238 PU .00300 87.8
233 PU 97.61700 34390.0
£40 PU 2.33400 6540.0
34! PU .05400 14.7
24£ PU .00800 387000.0

CPLCULHTED IHITIHL HTOHIC WEIGHT DF PLUTOTtlUM 239.076590

11



PU DECRY TABLE GENERATOR
flLL IHPUT VALUES MUST EITHER BE TERMINATED BY 3 DECIMAL. DR
CONTAIN A DECIMAL. THE EXCEPTIONS fiRE THE OUTPUT SELECTIONS
AND THE ANALYSIS DRTE
INPUT SAMPLE «AME—UF' TD 80 CHPS
? EXAMPLE CALCULATION FOP 10 YEftR DECAY PERIOD
INPUT UP TG 3 LINES PF COMMENTS OR 3 SPflCE-SRR RETURNS
^ THIS US FHIPLY TYPICHHL OF PLUTQM'JM METRL ftHTERIRLS
? THE INITIflL PURITY HFlS BEEN SET TD 100* FOR THE Sftk'E QF CLARITY
? THE INITIAL ASSAYED AMOUNTS OF URANIUM AN» HMERICIUH HAVE BEEM ASSUMES TO 0
IHPUT DATE ANALYZED AS MMYY
? 0176
INPUT PU ISDTOPIC DISTRIBUTION AS ATOM PERCEHTS
PU233
? .003
PU239
•? 97.617
PU 240
? 2.324
PUS41
? . 054

? . 00?
INPUT INITIAL ftf'FILYZED TDTHL UPAfUUM CDtHENT IM UG/'G
7 0.
INPUT INITIAL ANALYZED AMERICIUM CONTENT If) UG'G
? 0.
ifiPUT I N I T I A L ANALYZED PLUTQNIUt! CIIHTErtT JN PERCfMT
? 100 .
INPUT NUMBER OF YEARS TO Be CCIVEPEB lt\ THE TABLES AS YY.
THE IECIMAL IS PEQUIPEDt AND NOT MOPE THAU 85 YEARS ttHY BE USEJ5
? 10.
INPUT A 1 FOR EACH OUTPUT OPTION DESIRED, fl ZERO GlVf
NO OUTPUT FDR THPT TrtBLE
IHDIVIBUAL UPRNJUM ISOTOPE 6R0W-IH IH U<5
? 1
TOTAL URANIUM GRDW-IN IN t'6
? 1
TOTAL AMERICIUM GRQbl-IM HI UG
? 1
PLUTONIUM PURITY It* % DUE TO D£CRY
? 1
PU ISOTOPIC DISTRIBUTION AS ATOM V. FOR ALL PU ISOTOPES
? 1

12



U £34 6P0U-IH IM UG/G

EXfiMPLE GflLCULfiTIOn FDR 10 YEftR DECRY PEP1DD

YEflR
1976
197?
! 978
1979
1930
1981
1932
1993
1584
1985
198(>

JftM
0 .

1 .
1 .
i .
i .
2 .

e.

2
5
7
9
1
4
6
8
0
2

FEB

1.
1 .
1.
1 .
&.
0.

0
3
5
7
9
£
4
6
8
0

MRP
„

X.
1 .
1 .
1 .
1.
2 .
0 .

0
3
•5
7
0
2
4
6

1

RPR

1.
1 .
1 .
i .
1 .
2 .
0 .

1
3
•5
7
0
2
4
6
9
2

HflY
. 1
, 3
. 5
• 3

1. 0
1 . 2
1 . 4
1 . 7
1.9
2 . J
0.

JUtt

1 .
1 .
1 .
1 .

e!
0.

i

3
6
3
U
2
5
7
9
1

JUL

m

m

.
1 .
1 .
1 .
t .
1.

a.
0.

2
3
6
>j

0
2
5
7
9
1

flUS

,
1 .
1 .
I .
1 .
t .
2 .
0 .

1
4
6
3
0
3
5
7
9
1

SEP
. 2
. 4
. 6
. 8

1 . 1
1 . 3
1 . 5
1 . 7
i . 9
a. 2
0.

DCT

1
1
1
1
2

0

. 2

. 4

. 6

. 9

. 1

. 3
, 5
. 7
. 0

.a

nav

l
l
l
l
2
2
0

. 2

. 4

. 6

. 9

. 1

. 3

. 5

. 8

. 0

.a

DEC

w

1 .
1 .
1 .
1 .
2 .
2 .
0 .

4
7
9
1
3
6
8
0
2

U £35 GROW-IH IN UG-'G

EXHMPLE CnLCULfiTIDN FDP 10 YERR DECRY PERIOD

YEfiR
1976
1977
1978
1979
19S0
1931
1932
19:33
1984
1985
1986

JftH
0 .

27.3
54.5
31.8

109. 1
136,4
163.6
190.9
218,2
245.4
272.7

FEB
2 . 3

29.5
56.3
34.1

111.4
138.6
165. S
193.2
£20.4
2*7.7

0.

MflR
4 . 5

3 1 . 8
59.1
36.4

113.6
140.9
163.2
195.4
222.7
250.0

0.

RPR
6 . 8

34. 1
61.4
38.6

115.9
143.2
170.4
197.7
225.0
£52.3

0 .

MflV
9 . 1

36.4
63.6
90.9

113.2
145,5
172.7
200.0
227.3
£54,5

0.

JUf<
1 1 . 4
33.6
65.9
93.2

120.5
147,7
175.0
202.3
2i>9.5
£56.8

0.

JUL
13.6
40.9
68.2
95.5

122,7
150,0
177.3
204.5
231.8
259.1

0.

HUG
15-9
43.2
70.5
97.7

125.0
152.3
2 79,5
206.8
234.1
261.3

0 .

SEP
i-e.e
45.5
7£.V

100.0
127.3
154.5
181.8
209.1
236.3
263.6

ft.

QCT
2(1.5
4?.?
75.0

102.3
129.5
136.8
134.1
2H.4
238.6
265.9

0.

HOV
22.7
1 0.0
77.3

S04.5
131.
159.1
186.4
213.6
£40.9
268.2

0.

DEC
25.0
5?. 3
79.5

106.8
134.1
161.4
188.6
215.9
£43.2
270.4

0.
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U 236 GROW-IM IH UG'G

EXAMPLE CRLCULR'IOH FOP 10 YERR DECRY PERIOD

YEHR
1976
1977
1978
1979
1980
1981
1V32
1933
1984
l->85
1936

JrtH
0 .
2 . 4
4 . 9
7 . 3
9 . 7

12.2
14.6
17.0
19.4
£ 1 . 9
24.3

FEB
. 2

2 . 6
5 . 1
7 . 5
9 . 9

12.4
14.8
17.2
19.6
£2.1

0 .

HRP
. 4

a.8
5 . 3
7 . 7

10. 1
12.6
15. 0
17.4
19.9
22.3

0 .

RFP
. 6

3 . 0
5 . 5
7 . 9

10.3
12.8
15.2
17.6
20.1
22.5

0 .

MfiY
. 3

3 . 2
5 . 7
8 . 1

1 0 . 5
13.0
15.4
17.8
20,3
22.7

0 .

JUH
1 . 0
3 . 4
5 . 9
8 . 3

10.7
13.2
15.6
18.0
20.5
22.9

0.

JUL
1 . 2
3 . 6
6. 1
8 . 5

10.9
13.4
15.8
18.2
20.7
£3.1

0.

rlUfci
1 . 4
3 . 9
6 . 3
3 . 7

U . I
13.6
16.0
18.4
20.9
as. 3

0 .

SEP
1 . 6
4. 1
6 . 5
3 . 9

11.3
13.8
16.2
18.6
£1.1
23.5

0 .

OCT
1 . 8
4 . 3
6 . 7
9 . 1

11.5
14.0
16.4
18.8
£ 1 . 3
£3.7

0 .

HDV
2 . 0
4 . 5
6 . 9
9 . 3

11.8
14.2
16.6
19.0
£1.5
£3.9

0 .

DEC
a.a
4 . 7
7 . 1
9 . 5

12.0
14.4
16.8
19.2
2 1 . 7
£4.1

0 .

:j £38 GROW-Itl ID U»VS

EXfiMPLE CRLCULftTIOn COR 10 YERR DECRY PERIOD

YEflR JflM FEB MRR RPR MRY JUH JUL RUG SEP QCT HDV DEC

r*76
1977
1973
1979
1930
19*1
1982
1983
1984
1985
1936

0.
. 0
. 0
. 0
. 0
. 0
. 0
, n
. 0
. 0
. 0

. 0

. 0

. 0

. 0
, 0
. 0
. 0
. 0
. 0
. 0

0 .

. 0

. 0

. 0

. 0
- 0
. 0
. 0
. 0
. 0
. 0

0 .

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0
0 .

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0
0 .

. 1 }

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0
0 .

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0
0 .

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0
0 .

. 0

. 0

. [1

. 0

. 0

. 0

. 0

. 0

. 0

. 0
0 .

. 0

. 0

. (I

.0

. 0

. 0

. 0

. 0

. 0

. 0
0 .

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0
0 .

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0

. 0
0 .



TDTftL URflHIUM GROW-IN IM U<5''G

EXfiMPLE CflLCULFITlOM FDP t n YEftP IiECHY PERIOD

YEftP JHH FEB MAR RPR HRY JUH JUL flUG SEP DCT HQV DEC
1976 0. 2.5 5.0 7.5 10.0 12..5 15.0 17.5 20.0 22.5 24.9 27.4
1?7? £9.9 32.4 34.9 37.4 39.9 42.4 44.9 47.4 49.9 52.4 54.9 57.4
19?8 59.9 62.4 64.9 67.4 69.8 72.3 74.8 77.3 79.8 82.3 84.8 87.3
1979 89.8 92.3 94.8 97.3 99.8 102.i 104.8 107.3 '09.8 112.2 114.7 117.2
1980 119.7 122.2 124.7 127.2 129.7 132.£ 134.7 137.2 139.7 142.2 144.7 147.2
1981 149.7 152.1 154.6 157.1 159.6 162.1 164.6 167.1 169.6 172.1 174.6 177.1
1982 179.6 182.1 184.6 187.1 189.5 192.0 194.5 197.0 199.5 202.0 204.5 207.0
1983 209.5 212.0 214.5 217.0 219.5 £22.0 224.5 226.9 229.4 231.9 234.4 236.9
1984 239.4 241.9 244.4 £46.9 249.4 251.9 254.4 256.9 259.4 261.8 264.3 266.8
1985 269.3 271.8 274.3 276.8 279.3 281.& 284.3 286.8 289.3 £91.8 £94.3 £96.7
1986 299.2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

TOTfiL flMERICIUM GROW-IH IM UG'G

EXRMPLE CflLCULRTIOH FOR 10 YEflR DECHY PERIOD

YEHP JKH FEB MRP flPP MFiY JJU JUL RUG SEP OCT HDV DEC
1976 0. £.1 4 .3 6.4 3.5 10.fc 12.7 14.8 16. S 13.9 21.0 23.0
1977 £5.1 27.1 £9.1 31.2 33.2 35.2 37.2 39.2 41.£ 43.1 45.1 47.0
1978 49.0 50.9 52.9 54.8 56.7 C-S.b t.0.5 62.4 64.3 66.2 68. J 70.0
1979 71.8 ?3.7 ?5.5 77.4 ?9.S 81.0 82.8 84.6 86.4 88.2 90.0 91.8
1980 93.6 95.4 97.1 98.9 100.6 102.4 104.1 105.8 107.5 109.3 111.0 112.7
1981 114.4 116.0 117.7 119.4 121.1 122.7 124.4 126.0 127.7 129.3 130.9 232.6
1982 134.2 135.8 137.t 139.0 140.6 142.2 143.7 145.3 146.9 148.4 150.0 151.5
1983 153.1 154.6 156.1 157.7 159.2 160.7 162.2 163.7 165.2 166.? 168.1 169.6
1984 171.1 172.6 1.4.0 175.5 176.9 178.4 179.8 181.3 182.6 184.1 185.5 186.9
1985 188.3 189.7 191.1 192.5 193.8 195.c 196.6 198.0 199.3 200.7 202.0 203.4
1986 204.7 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

15



PLUTDMIUH PURITY DF RCTM Iff PERCENT

EXHHPLE CfiLCULfiTiaO FDR 10 YEflR DECflY PERIOD

MONTH
1
2
3
4
5
6
7
8
9
10
11
12

1976
100.0000
99.9995
99.9991
99.9986
99.9982
99.9977
99.9972
99.9968
99.9963
99.9959
99.9954
99.9950

1977
99.9945
99.9940
99.9936
99.9931
99.9927
99.9922
99.9918
99.9913
99.9909
99.9904
99.9900
99.9896

1978
99.9891
99.9887
99.9302
99.9878
99.9873
99.9869
99.9865
99.9860
99.9856
99.9851
99.9847
99.9843

1979
99.9833
99.9834
99.9830
99.9825
99.9821
99.9817
99.9812
99.9808
99.9304
99.9800
99.9795
99.9791

1980
99.9787
99.9782
99.9778
99.9774
99.9770
99.9765
99.9761
99.9757
99.9753
99.9749
99.9744
99.974 0

HDMTH
1
2
3
4
5
6
7
8
9
10
11
12

1981
99.9P3-S
99.9732
99.9728
99.9723
99.9719
9*.9715
99.9711
99.9707
99.9703
99.9699
99.9694
99.9690

19:32
99.9686
99.9682
99.9673
99.96/4
99.9670
99.9666
99.9662
99.9658
99.9654
99.9650
99.9646
99.9641

1983
99.9637
99.9633
«9.96c9
99.96£5
99.9621
99.9617
99.9613
99.9609
99.9605
99.9601
99.9557
99.9593

1984
99.9539
99.9536
99.9582
99.9578
99.9574
99.9570
99.9566
99.9562
99.9558
99.9554
99.9550
99.9546

1985
99.9542
99.9538
99.9535
99.9531
99.9527
99.9523
99.9519
99.9515
99.9511
99.9508
99.9504
99.9500
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VflRIflTIDM OF PLUTDHIUM ISDTDPIC

EXfiMPLE CflLCULflTlOM FQP 10 YEflR DECflY PERIOD

MD YSr
£ 7fc
3 76
4 76
5 76
6 76
7 76
3 76
9 76

10 76
11. 76
12 76
1 77
2 77
3 77
4 77
5 77
6 77
7 77
8 77
9 77
10 77
11 77
12 77
1 78
2 78
3 73
4 78
5 78
6 78
7 73
8 73
9 78
10 78
11 78
12 78
1 79
Z 79
3 79
4 79
5 79
6 79
7 79
8 79
9 79
10 '9
11 79
12 79
1 80
2 80
3 80

238 PU
.002998
.002996
.002994
.002992
.002990
.002988
.002986
.002984
.002982
. 002980
.002979
. 00:2977
.002975
.002973
.002971
.002969
.002967
. 002965
.002963
.002961
.002959
.002957
.002955
.002953
.002951
.002949
.002948
.002946
.002944
.002942
.002940
.002938
.002936
.002934
.002932
.002930
.002923
.002926
.002925
.002923
.002921
.002919
.002917
.002915
.002913
.002911
.002909
.002907
.002905
.002904

239 PU
97.617223
97.617446
97.617667
97.617888
97.618108
97.618327
97.618545
97.618763
97.618980
97.619196
97.619411
97.619625
97.619839
97.620052
97.620264
97.620475
97.620686
97.620896
97.621105
97.62*313
97.621521
97.621728
97.621934
97.622139
97.622344
97.622347
97.622751
97.622953
97.623155
97.623356
97.623556
97.623755
97.623954
97,624152
97.624349
97.624546
97.624742
97.624937
97.625132
97.625325
97.625519
97.625711
97.625903
97.626094
97.626284
97.626474
97.626663
97.626851
97.627039
97.627226

240 PU
2.323990
2.323981
2.323971
2.323961
2.323951
2.323941
2.323932
2.323922
2.323912
2.323902
2.323892
2.323882
e.323872
2.323862
2.3P3852
2.32.^842
2.323832
2.323822
2.323812
8.323802
2.323792
2.323782
2.323772
2.323762
2.323752
£.323742
2.323731
2.323721
2.323711
2.323701
2.323690
2.323630
2.323670
2.323660
2.323649
£.323639
2.323629
2.323618
2.323608
2.323597
2.323587
2.323576
2.323566
2.383556
2.323545
2.323535
2.323524
2.323514
2.323503
2.323492

241 PU
.053788
.053573
. 0533G8
.053159
. 052951
.052743
.052537
.052331
.052126
.051922
.051718
.051516
.051314
.051113
.050913
.050713
.050515
.050317
.050120
.€49923
.049728
.049533
.049339
.049146
.048953
.048761
.048570
.043380
.048131
.048002
.047314
.047626
.04744 0
.047254
.047069
.046835
.046701
.046518
.046336
.046154
.045973
.045793
.045614
.045435
.045257
.045080
.044903
.044727
.044552
.044378

542 PU
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.092000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.0020C0
.002000
.002000
»002010
. 00200.1
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.002000

239
239
239
23?
239
239
239
239
239
239
239
239
239
239
239
239,
239,
239,
239,
239,
239,
239.
239.
239.
239.
239.
239.
239.
239.
239.
239.
239.
239.
239.
239.
239.
239.
23S.
239.
239.
239.
239.
239.
239.
239.
239.
239.
239.
239.
239.

fit. WT.
.076590
.076536
.076581
.076577
.076573
.076569
. 076544
.076560
. 076556
. 076552
.076548
.076544
.076539
.076535
.076531
. 076527
.076523
.076519
.076515
.076511
.076507
,076503
.076499
.076495
,076491
,076487
,076483
076479
076476
076472
076468
076464
076460
076456
076453
076449
076445
076441
076438
076434
076430
076426
076423
076419
076415
076412
076408
076405
076401
076397
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VRRIRTIOM OF PLUTONIUM ISOTOPIC

EXRMPLE CflLCULRTIOM FOP 10 YEftR DECfiY PERIOD

ria Y R
4 80
5 80
6 30
7 80
8 80
9 80
10 30
11 80
12 80
1 81
2 81
3 81
4 31
5 81
6 31
7 81
S 81
9 81
10 81
11 31
12 31
1 32
2 32
3 32
4 82
5 82
6 32
7 82
3 32
9 32
10 32
11 32
12 82
1 83
2 83
3 83
4 33
5 83
6 83
7 83
8 83
9 83
10 83
11 83
12 83
1 34
£ 34
3 84
4 84
5 84

£38 PU
.002902
.002900
.002898
.002896
.002894
.002892
.002890
.002888
.002387
- 002885
.002883
.002881
.002379
.002877
.002875
.002873
.002871
.002870
.002868
.002366
.002364
.002862
.002860
.002853
.002857
.002855
.002853
.002851
.002849
.002847
.002845
.002843
.002842
.002840
.002838
.002836
.002834
. 002332
.002830
.002829
. 002827
. 002825
. 002823
.002821
.002819
.002818
.002816
.002814
.002812
.002810

239 PU
97.627412
97.627598
97.627783
97.627967
97.628151
97.628334
97.628516
97.628698
97.628879
97,629059
97.629239
97.629418
97.629597
97.629775
97.629952
97.630129
97.630305
97.630480
97.63 0655
97.630829
97.631002
97.631175
97.631347
97.631519
97.631690
97.631860
97.632030
97.632199
97.6323-:*
97.6325 56
9r.i-i.iro3
97.63.3870
97.633037
97.633202
97.633367
97.633532
9?. 633696
97. 633859
97.634022
97.634184
97.o34346
97.634507
97.634667
97.634827
97.634986
97.635145
97.635303
97.635461
97.635618
97.635775

24 0 FU
2.323482
2.323471
2.323461
£.323450
2.323439
2.323429
2.323418
2.323407
£.323397
2.323386
2.323375
2.323364
2.323354
2.323343
2.323332
2.323321
2.323310
2.323300
2.323289
2.323278
2.323267
2.323256
2.323245
2.323234
2.323223
2.323212
2.323201
2.323190
2.323179
£.323168
2.383157
2.3233 46
2.323135
2.323124
£.323113
£.323102
£,323091
£.323080
2.323068
2.3£3057
£.323046
2.323035
£.323024
2.323013
2.323001
?.322990
2.322979
2.322968
£.3g?956
£.3££945

£41 PU
.044204
.0440 31
.043858
.043686
.043515
.043345
.043175
.043006
.04£837
.042670
.042502
.042336
.042170
. 042005
.041840
.041676
.041513
.041350
.041188
. 041027
.040866
. 040706
.04 0547
.040338
.040230
.040072
.039915
.C39759
.039603
.039449
.039293
.039139
.038986
.038333
.038681
.033530
.038379
.038228
.033079
.037929
.037731
.037633
.037485
.037339
.037192
.037047
.036901
.036757
.036613
.036469

£42 PU
.002000
.002000
.002000
.002000
.002000
.002000
.002000
.003000
.00£001
.002001
.002001
.002001
. 0 02 0 01
. 002001
.002001
.002001
.0 02001
.002 001
.0020 01
.002001
.002001
. 002 001
.002 001
. 003001
. 01)2 001
.002001
.002001
.002001
.002001
.002001
.002001
.002001
.002001
.002001
.002001
.002 001
. Oil2001
. 005001
.002001
.002001
. 002001
.002001
.OC2001
. 002091
.002001
.002001
.002001
.002001
.002001
.002001

239
£39
£39
239
£39
£39
£39
£39
239
£39
£39
£39
£39
£39
23>
239
239
£39
£39
239
£39
239
£39.
£39,
£39,
£39,
£39,
£39.
239.
£39.
£39.
£39.
£39.
£39.
£39.
£39.
£39.
239.
£39.
£39.
239.
£39.
£39.
£39.
£39.
£39.
£39.
£39.
£39.
239.

flr. .,,T.
.076394
. C.-6390
.076337
.076383
.076330
.076376
.076373
.076369
.076366
.076362
.076359
. 076355
.076352
.076349
.076345
.076 342
.076333
.076335
.076332
. 0^*6328
.076 325
.076322
.076318
.076315
.076312
.076309
.076305
.076302
. 076299
.076296
,076293
076£39
076286
076283
076280
076277
076274
076271
076268
076264
076261
076258
076£55
076252
076249
076246
076243
07624 0
076£37
076234
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•vWiftTIOH OF PLUTONIUM ISDTDPIC

EXAMPLE CflLCULRTIOM FOP 10 VERR DECHY PEPIOD

no
6
7
a
9
10
11
IS
1

a
3
4
5
6
?
8
9
10
11
ia
I

YP.
34
84
34
S4
84
84
34
85
85
85
85
85
35
85
85
85
85
85
85
86

238 PU
.002808
.00280?
. 002805
.00280?
.002801
.00^799
.00S797
.002796
.002794
.002792
.008790
.002788
.002786
.002785
.002783
.002781
.002??9
.002777
.00c775
.008774

239 PU
97.635931
97.636086
97.636241
97.636395
97.636549
97.636703
97.63S.855
97.637008
97.637159
97.637310
97.637461
°7.637611
•y}. 637761
97.637910
97.636058
97.638206
97.638354
97.638501
97.638647
97.638793

£
2
2
2
2
2
2

a
2
a
2
s,
2,
2,
2,
2,
2.
2.
2.
2.

240 PU
.322934
322922
.122911
.322900
.322888
.322877
.322866
.322854
.322843
.322831
.322820
.322808
.322797
.328786
.322774
.322763
.322751
,322740
,322728
.322716

241 PU
. 036326
.036134
.036042
.035901
.035761
.035620
. 035481
.035342
.035203
.035066
.034928
.034791
.034655
.034519
.034384
.03v249
.034115
.033981
.033848
.033714

242 PU
.C02001
.002001
.002001
.002001
.002001
.002001
.0U2001
.002001
.002001
.002001
.002001
.002001
.002001
.002001
.002001
.002001
.002001
.002001
.002001
.002001

flT. WT.
239.076231
239.076228
239.076225
£39.076223
239.076220
239.076217
239.076214
239.0762' 1
239.0762OS
239.076205
239.076202
239.07619*
239.076197
239.076194
239.076191
239.076188
239.0P6185
239.076183
239.076180
239.076177
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