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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. Span,
R. M. Abernathy, and J. E. Rein

ABSTRACT
,

=: Relationships are provided to compute the decreasing plutonium content,~-!~—e~=326, e and changing isotopic distribution of plutonium materials for the radioac-
~~~’
0—, , tive decay of 288Pu,2S0Pu,24”Pu,and 2’2Pu to long-lived uranium daughtersm=====
s-
g~~ and of 241Puto 241Am.This computation is important to the use of plutonium

E==&l reference materials to calibrate destructive and nondestructive methods for
:=0

==3’
assay and isotopic measurements, as well as to accountability inventory

$S calculations.
~-~“~m’
~: .—— ————. —————— ——— ———

I. INTRODUCI’ION

Calculation of the decreasing plutonium content and changing isotopic distribution of
plutonium reference materials for the radioactive decay of Z41pu to z41h is generally applied in

analytical chemistry laboratories. Not usually recognized is that the effects of the radioactive
decay of W%, ‘89Pu, ““Pu, and 242Pucan exceed that of ‘41Pu decay, depending on the plutonium
isotopic distribution of the material. This is the case especially for materials having low ‘lPu
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 284U,Msu, XWU,z8EU,and ~lAm, (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 M, the number of parent atoms decayed is

No-
[

N=NO l-e 1-(At)(ln 2)/(t~) . (1)
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The published t~ values’”’ for the five plutonium isotopes given in Table I 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 241Am. Alpha decay, the main decay
mode of ‘“Pu, ‘*SPU, 240Pu,and “*Pu, produces long-lived uranium daughters having essentially
four fewer atomic mass unita than the plutonium parents. The calculations account for these
mass changes. Beta decay of 241Puto ‘41Am does not change mass significantly, but does, of
course, change the plutonium content.

TABLE I

PLUTONIUM ISOTOPE HALF-LIVES AND
ATOMIC WEIGHTS

Isotope Half-Life, Yr” Atomic Weight

238 87.8 238.0495
239 24390 239.0522
240 6540 240.0538
241 14.7 241.0569
242 387000 242,0588

“Ref. 1 for “Pu, ‘“Pu, “Pu, and -u.

Ref. 2 for “Pu.

URANIUM DAUGHTER AND 241AM
ATOMIC WEIGHTS

Isotope Atomic Weight

284u 234.0410
285U 235.0439
286u’ 236.0456
288u 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) ~ (No)p (l-e
-(At) (ln 2)/(t~)p )

i
: /

6.0225 E17

APi/Pt =
i i s

(AW)P (No)p

/

6.0225 E23
t t

which reduces to

APi/Pt = (1E6)(AFO)P
[ 1[

~_e-( At)(ln 2) / (t~)p
:Aw)~ / (Aw)~

i
Ii’

i t

(2)

(3)



in which

API =

P,
(AW),i :
(AW)P, =

(NO)% =
(NO)Pt =

At =

(tapi =

(AFO),i =

micrograms decrease of individual plutonium isotope, P,
grams total plutonium
atomic weight of Pi
atomic weight of Pt
atoms of P1 per gram of Pt at initial time
atoms of P: per gram of Pt at initial time

decay time, years
half-life, years, of Pi
atom abundance fraction of P1 at initial time,

The total mass decrease of plutonium is the sum of the five individual plutonium isotope mass
decreases.

C. Uranium Mass Increase

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

Aui / Pt =

in which

Aui =

(AW)ui =

(llPi I Pt
) [,

(AW)U
I

/ (AW)P ,
i i

micrograms increase of uranium daughter from decay of parent Pi
atomic weight of U1.

(4)

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

D. ‘41Am Mass Increase

The *“Am mass increase is not significantly different from the ‘lPu mass decrease given by Eq.
(3) .

E. Plutonium Content

The equation giving the decreasing plutonium content with time is

A. - AoDf lE6

A - Ao-AoD/lE6 + (l-Ao) + AoG/lE6 ‘

which reduces to

AO(1E6) - D)
A=

1E6 - A. (D-G) ‘

(5)
,

.]

(6)

3



in which

A = plutonium content, grams plutonium per gram material, at time tO + At

& = plutonium content, grams plutonium per gram material, at time t.
D = total plutonium mass decrease, micrograms plutonium per gram initial plutonium, during
time At
G = mass increase of a41Amand total uranium, micrograms per gram initial plutonium, in time
At.

F. Plutonium Isotopic Distribution

The basic equation applies:

[

~ -(At) (ln 2)/(t~)

NPi = Nop
i 1 . (7)

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

G. Plutonium Atomic Weight

The atomic weight of the plutonium at time & + d is given by

(AW)P =
q

(AF)~ (Aw)p

1

9
t i i

(8)

in which

(AW)P, = atomic weight of plutonium, at time & + A
(AF)pi = renormalized atom fraction of individual plutonium isotope calculated by use of Eq.

(7)

(AW)pi = atomic weight of P,.

III. EXAMPLE CALCULATION

Table II gives the decreased plutonium content; grown-in quantities of ‘W, asSU,‘8YJ, ‘SW, and
241Am; and changed plutonium i50topic&5tfibutionfor a plutonium metal typical of a National

Bureau of Standards SRM at a 10-yr At. For purposes of demonstration, the initial plutonium
content is taken as 1 g Pu per gram material (or 100% purity). It is noted that the plutonium con-
tent decreases 0.05% from 100.00% to !l!l.%~o and that 0.02% (or 40 relative per cent of the 0.05%
decrease) is caused by ‘41Pudecay.
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TABLE II

EXAMPLE CALCULATION FOR 1O-YR DECAY

AR/P,,
Is~;pe (AF.)q (AF)Pi— _ Pdg

238 0.00003 0.000027, 2.268
239 0.97617 0.9763& 277.353
240 0,02324 0.02322, 24.719
241 0.00054 0.00033, 204.693
242 0.00002 0.0000020 0.000,

(AW),, = 239.0764 2 = 509.033

Plutonium Content

A. (1 E6-D)
A=

1(1E6 - 509.033).

1E6-A0(D-G) 1E6 - 1 (509.033-503.931)

= 0.999496(or 99.95%)

Plutonium Atomic Weight

(AW)P =
xl

(AF)~ (AW)~
t i i I

= (().000027,)(238.0495) + (0.9763&)(239.0522) +

(241.0569) + (0.00002.)(242.0588)

= 239.0759.

REFERENCES

Daughter Formed

284u 2.229
280U 272.703
280u 24.306
‘“Am 204.693
288u O.000,

2 = 503.931

(0.02322,)(240.0538) + (0.0003&)

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.
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00IE!OC
00130C
00140C
00150C
00160C
00170C
O0180C
00190C
00200,:
OO21OC
0022Oc
00230C
O0240C
00250C
00260C
00270C
00280C
00Z90C
O0300C
O(lslljc
O0320C
O(1330C
00340C
[1035Oc
00260C
rj13370c
Oomoc
00390C
00400C
OO41OC
00420C
00430C
orJ440c
I)0450C
oc1460c
00470C
CI0480C
01].!s[lc
00500C

PPCIGfW!H Tfl CfiLCULFITE PLUTOl{IUN PURITY DECRERSE F#S R FUl{CTIOli OF
TINE. WPITTEN 5-12-76 w w. DFiLE SPRLL FUR usE or{ THE LfIsL6600
KRCI140STI1lE SHFiRING S’YSTErl.

THIS PRCIGPFWI GEr{ERFITES TFIBLES ❑F DFIUGHTER ISOTOPE GRUW-Ir4 BfKSED
tlrl Rrl Ir{ITIFILRr{HLYZEDPLUTCN+IUN CClriTEriT Fir4DISOTOPIC DISTRIBUTION.
THE CRLCULfiTED VF!LUES FIRE TRBULFITEO BY THE Mlt~TH, WITH ZERO TIHE SET
RS THE FIRST OF THE rKlr{TH DESIGrWITED BY THE Rr{RLYSIS DRTE. THE
VRLUES CRLCULRTED FIRE FOR IlriE rlCIr{TH IriTERVFtLS FROrl THRT DRTE. CRRE
NUST BE TFih’Er4 Ir4 SELECTING THE ST13RTIr4G rlOr{TH DftTE TO NINIHIZE THE
EFFECTS OF PFiRTIfIL rKlrlTHS. THE PU ISOTOPIC DISTRIBUTION NUST BE Ir{
rwm r+rmrms. sIrmE TIrlE vt3LLiEs cmomT BE cfiLcuLRTED EFISILY.

V17RI13ELE LIST
ITIT, CDH1, CCIN2, CDN3 -- FREE FUR?.1 Ir{FCIRr.lRTICJr{ LINES
PIJ(l TO 5> -- Ir+ITIfiLPLUTllr{IUrl ISOTOPIC 238 TO 242
IJG -- Ir+ITIFILURtir{IUrl LUr{TE!iT IN UG~G
GFirl -- Ir{ITIRLFWIERICILJNCOr{TErlT Ir+ UG~G
PUI -- Ir{ITIRLPLUTllt{IUr.1 PURITY Ir{ PERCENT
❑UTPUT llPTIDr{S
K2 -- Il{DIVIIUJFIL UPFU{IUN ISOTOPIC GRtlW-Ir{11{UG
K3 -- TIITt3Lumr{Iurl 6Pnbl-Ir+ Ir{ uG
ti4 -- TDTRL FIrlERICIUrl GRllh!-Ir{
KS -- PLUTCI1+IUN PURITY Ir+ :<
K6 -- PLUTCir{IUr.1 ISOTOPIC VHRIRTICN{FISFUr{CTICll+ OF TIr.lE-flTUrl %
Y -- r{lJHBER IIF YEFIRS TO EE CIIVEPED Irt THE TF!BLES
rl -- TIITRL r{UHBER IIF HOr{THS TO FE COVERED Irl THE TFiBLES
SPU -- SUN OF THE IJG PU LUST Ir{ TIHE DELTR T
SU -- SUN IIF UG U GFIIr{ED Irl TINE DELTFI T
u234,u235,u236,U238 -- III; IIF EFiCH U ISOTOPE GF!Ir{EDIr+DELTR T
PI.1238,PU239,PU240,PU24 1.F’I.1242 -- UG PU LOST IN DELTfi T
PURE -- PU PIJRITY Ir{ TIME KIELTR T
M -- INITIfIL RTUHIC k!EIGHT PU Ct3LCULFITED FROM ISOTOPIC

FIWT -- RTIINIC IJEIGHT PU ! RLCULFITED FIT DELTR T
RM241 -- UG FIMZ41 FDPMED IN DELTR T
p(_lR,PUB,PUC,PLID,PUE -- RTCIM % PU.ISOTCIPES IN DELTR T
TIM -- DELTR TIME IN DECIMRL MONTHS
T(l TO 5) -- HFILF LIVES ❑F PU USED IN DECRY CfILCULHTItlN

oo511jc
oo52oce+*+****e**e***************e************e*+***********e********+***
o[15s(l DIMENSIDH ITIT(8>,CllMl (8>\COM2<8) )C0M3;8> ~T(5>$PU(5>?SU (300)?
(I05411+u234 (200j ,IJ235<3CIO) ,U2.36(300> ,U238<300> sFIM241 <300) ~PU238<300> r
ti11155(1+PlJz39~3cIO) ,PIJ240(300> ?PU241 (300) ~PU242(300> SPURE(300> $
00560+TIM(300) ?SPLI(200>
00570 101 PPINT 100
111j580 100 FOPMRT(+PIJ DECRY TRBLE GENERRTCR*q/~
00SSO++RLL INPUT VRLUES MUST EITHER BE TERMINATED BY R DECIMRLS llR*~/s
cI0600++I:DNT131N R DECIMRL. THE EXCEPTIONS RRE THE OUTPUT SELECTIONS*~/~
OO61O+W7ND THE RNRLYSIS XIRTE*)
00620 PPINT 11O
00630 11[1 FafV’lHT(+INPIJT SRMPLE NfWIE--UP TO 80 CHRS+>
oo640 REIiD 120, (ITIT;I), I=1,8)
00650 120 FDRIIRT’8R1O>
00660 PRINT 130
00670 130 FURMRT(*INPUT UP TO 3 LINES OF CONHENTS OR 3 SPRCE-BRR RETURNS*)
00680 RERD 120, (C13M1(I)?I=1J8)
00690 RERD 120, ~CllM2(I)SI=l$8>
00700 RERD 120s (CIIM3(I), I=1S8)
0071(1 PRINT 140
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0[(720 140 FURMST<*[NPUT DRTE fINFiLYZED Fi.s MMYY*)
00730 REFID 150, DHTE,YERR
00740 150 FCIP.MRT(2F2.0)
007!50 PRINT 160
0“0760 160 FIIRMRT(+INPUT PU ISOTOPIC DISTRIBUTION t3S RTIIM PEf?CEtiTS+pZs+PU238*>
00770 REFID 170, PIJ<l)
007S0 260 FCIRMHT(I1>
00790 170 FIIF$’M3T(F1O.O)
00S00 PRINT 1S0
00’310 180 FOI?MRT(+PU239*)
00820 REFUI 170, PU(2)
00830 PRINT 190
00s40 190 FORIIRT(+PU 240*)
00850 REFl~ 170, PU<3>
oo860 pRINT 2oo
00S70 200 FFIRMRT(*PU241*)
00SS0 I?ERD 170,PU<4)
00890 PRINT 210
00900 210 FIIRMRT(*PU242*)
OO91O PERD 170,PU(5>
00920 pR[NT 220
009”30 220 FCIRMFIT(*INPUT INITIr3L RNRLYZED TUTRL URFINIUM CIINTENT IN UGzG*)
00940 F?ERD 170s IJG
ofjg~() pPINT 230
oo960 230 FnFMfiT(~INpuT Ir{ITIHL RlifiLyzED RflERIcI~lM cD~TENT IN fJ&~+)
oos70 RERD 170J ERM
00980 PRINT 240
00990 240 FIIRMHT(+INPUT INITIF!L RNfILYZED PLUTONIUM CONTENT IN PERCENT+)
01000 RERD 170, PUI
Ololly 32@ pf?:r{’T 2Q0
01020 330 FIIRMFIT(+INPUT NUMBER ❑F YEF!RS TO ?)E COVERED 1P{ THE TfiRLES HZ YY.*j
O1O3O+Z,*THE DECIMRL IS E’EQUIR.ED, RNII NOT MINE THFiN 25 YERFT MHi’ BE USED+)
010.$0 REf!D 170, Y
01050 PRINT 240
01060 340 FLIF’MRT<+INPUT R 1 FOR EFICH OUTPUT ❑PTIUti DESIREKI. H :EPII GIVES*s.~~
01071)++NU lJLITplJTFDP THRT TRBLE+,~,+INDIVIDUfILIJRFINIUMISCITOF’EGROW-IN IN UG+>
010S0 RERD 260!K2
01090 PRINT 350
01100 350 FORMHT(+TIITRL UF?F!NIUM GROW-IN IN UG*~
01110 RERD 260! K3
01120 PRINT .260
01130 360 FIIRMHT(+TUTRL RMERICIUM GROl.d-IN IN L16*)
01140 RERD 2611.h4
011.50PF!INT 270
[Il160 370 FllRMHT(+PLUTUNIUM PURITY IN % DUE TO l)ECflY+>
01170 PERD 260, K5
(Ills13 PF!INT 280
[Il1030 :38(I I=ORMRT(+W IS(JTCIPIc DISTRIBUTION RS itTCIM% FOR RLL FIJISIITUPES*)
[11.2o0 REF4D Z6(I? K6
[Ilzloc “:ETLIPINITIRL INDICIES
01S20 K=IW!TE
01230 L=k+l
01240 r1=12.*Y
Olzso Pl=k’+r,
01260L ZERO INITIRL MEIGHT fM?FtiYS
01270 DO 390 l=l,K
01220 SPU(I>=(I.
01290 ZU(I)=O.
01300 U234(I>=r~.
01310 U23S<I>=0.
01320 uz36fI)=o.
01330 IJ238<I)=0.
01340 PLL238(I)=CI.
01350 PU239<I>=0.
01360 PU240(I~=0.
01370 PUZ41(I)=CI.-..



013130PU242(I)=0. “
01390 FU1241(1>=0.
01400 PURE(I>=O.
01410 390 CONTINUE
IS1420C CRLCUL19TE IN ITIFIL fITOMIC WEIGHT OF PU FROM ISOTOPIC
01430 P1=PU(1>+2.380496
01440 P2=PU(2)+2.390522
01450 P3=PU<3>*2.400538
01460 P4=PU(4>+2.410569
01470 P5=PU(5>+2.420588
01480 FIW=P1+P2+P3+P4+P5
01490C SET IN HRLF LIVES IN YERRS
01500 T(1>=87.8
o1510 T(2;=24390.
01520 T(3>=6540.
01530 T<4;=14.7
01540 T{5>=387000.
01550C GE14ERRTE DELTR TINE
01560 Dll 400 I=L~r.1
01570 R=I-K
015S0 TIr.l;I;=R/12.
01590 400 CClrlTIl{UE
01600C SET Ir{ITIfiL VRLUES
01610 SPU;K;=PUI
01620 SU<K>=UG
01630 RN241(K;=GRN
01640 PURE;K>=PU1
01650C CFILCULRTE GRllW-Irl Rr{D DECRY
01660 PUI=PUI/100.
01670 DO 410 I=L,N
01680 R=-<FILDG<2.>*TIM(I>>
(116’30 El=l. -EXP;f?/T(l))
01700 E2=1.-EXPO?.ZTG2;>
01710 E3=l.-ExPa?/T(3>>
01720 E4=l.-EXPiR/T;4>;
01730 E5=l.-EXP(R/T(5>>
01740 U234(I>=2340410.*PU(l>+El/flh!
01750 U235;I; =23S0439.+PI.I12; +E2/iiM
01760 lJ226(I> =22611456.+Pl-1~3> +E3/FIU
01770 U228<I> =2:380508.*PU(5> ●E5/fIkl
017S0 Hr1241{I; =E!410568.+PU ;4;+E4/Flkl+GRr.l
01790 PU238<I> =23B0496.*PU <l>*E1/FiW
o1800 pu239<I>=23’?05Z2.*PU<2j+E2/Rl/l
01810 PU240(I) =2400538.+PlJ(3~ ●E3/fIM
01820 PU241(I)=2410569. *PU(4J ●E4A3W
01830 PU242<I>=2420588. *PU(5) ●E5/RU
01840 SU(I)=U234(I)+U235(I)+IJ236 (I>+U238(I)+UG
01850 SPU(I)=PU238(I)+PU239(I> +PU240(I)+PU241 (I)+PU242 (I>
01:360C 13T THIS POINT SPU IS PU DECRERSE IN UG--CllNVEE’T TO GzTIITRL G
01s70 S=PUI*(1E6-SPU(I))
01S80 SS=1E6-(PUI*CSPU(I>-PU241 (1)-SU(I>>>
018”?0 PUPE;I>=100.+S/SS
o~~[(o 410 cnNTINuE
ol~l(lc RERDY FOR OUTPUT
01920 pRINT 42o
[11’?30 420 FnRrlRT(//////.////;
o1940 pPIr{T 430
01950 430 FURNRT~*SRrlPLE Ir4FDRNRTIUr{ RTIIN PERCEriT Ir{PUT DRTR*>
o1960 pRIr{T 120, (ITIT<I;,I=l,e;
01970 PRIrlT 120~<C0r.ll:I>sI=l~8>
o1980 pRIr~T120,;cn~12iI;,I=l,8;
0i990 PRINT 120~<COr13( I>~I=l~8>
OE’ooO PRIr4T 440,DflTE~YEflR
02010 440 FORNflT<~/~J*DfITE Flr{RLYZED-- r.lClr{TH-YERR*~F3. 0>*-*~F2. 0>
02020 PRIr{T 450s UG
02030 450 FCiRr.lFiT~*Ir{ITIRL fN{FILYZED lJRRr{IUr.1 •~F6.2~* UG~G*>



Lw040 FRINT 460,GfMl
02050 460 FllRMiIT(+INITIflL r7NFiLYZELl RMERICIIJM +,F6.2,0 Ll];/@)
02060 PRINT 470,PIJI
02070 470 FIIRMRT(*INITI13L F!NflLYZED PLUTaMIUM PURITY ● JF9.4,+ PERCENT*)
02020 PRINT 480,(PU(I),T(I),I=I ,5>
02090 4EI0 FIIRIIFIT(+INITIRL PLUTONIUM IsuTOpIc RND cORpESpON~IN~ HRLF-LIFE.,
02100+/!+23S PU+>F9.5S2X,F7.lS/,*239 PU+~F9.5p2XSF7.lS/~+240 PU*~F9.5S2X,
02110+F7.1,./~*.24l PlJ*!F9.5,2XSF7.lS/S+242 PU*~F9.5S2X~F8.lS///)
02120
02130
02140
02150
02160
02170
02180
02190
02200
02210
02220
02230
02240
02250
0226.0
02270
02280
02290
02300
02310
02320
02330
02340
02350
02360
02370
C123S0
02390
02400
02410

PRINT 490 ,RM
490 FCIPMRT(*CFILCULRTED INITIRL FITCIMIC IJE16HT OF PLUTONIUf’l*cF12.6~~/>
550 IF(K.2.EQ.1) 560,610
560 F’RINT 570,(ITIT( I>,I=l~8)
570 FOFTIRT<10/,*U 234 GROU-IN IN UG/G*s//,8HlO,z/>
CflLL 0UTP<Ui?34 ~MS’fERi?)
PRINT 580,( ITIT(I),I=l ,8)
580 FIIRMRT(1OZ,+U 235 GROkl-IN IN UG/G*Sz/SSRIOSz/>
CRLL tlUTP(U235SM rYEFiR>
PRINT 590,( ITIT(I),I=l ,8>
590 FORMRT(1OZ,+U 236 GRCNJ-lN IN UG/G*,zZ,8R10,z/>
CRLL IIUTP(U236,M,’T’EFIR)
PRINT 600?(ITIT(I) ~I=lj8>.
600 FIIRMRT<1OZ,*U Z3S GIKNAI-IN IN UG/G*sZZ,8R10s~/)
CRLL 0UTP(U238,M,YERR>
610 IF(K3.EQ.1) 6.20,640
620 PRINT 630,(ITIT<I), I=1,8)
630 FURMRT(10/,+TlJT13L URflNIUM GROU-IN IN UGX+,//S8RlO,//>
CFiLL IIUTP(SU,M,YERR)
640 IF(K4.EQ.1) 650,630
650 PRINT 670s(ITIT<I> sI”=l\8>
670 FCIRtlRT< lOzs*TIJTFIL HMERICIUM GROW-IN IN UG~G*~/Z,8R10sz/>
CFILL IJUTP<RM241, M,YERP>
680 IF<K5.EQ.1) 690,710
690 PRINT 700~(ITIT(I),I=l ,8)
700 FORMfiT<10/,*PLUTCINIUM PURITY Of RCTM IN PERCENT+s//S8RlOS//>
CRLL PUOUT(PUl?E?YEfiR,Y)
710 IF(K6.EC!.1) 720,770
720 PRINT 740s(ITIT(I) ~I=ls8)
740 FORMRT(10/s+VRPIRTION IIF PLUTONIUM ISDTDPIC+s~Z~SFIIO~zZ~

02420++M0 YR 23s plJ 23’3 p~l 240 PU 241 Pu 242 PU*9
0243(1++ RT . I,IT. + )
02440C CFILCIJLRTE FITUMS OF PU FOR RTOM % RND NEIA RTOMIC idE16HT
02450
02460
02470
02480
02490
02500
02510
ilz5~l)
n~531)
11~’54(1
(1,2550
02560
02570
02580
0.2590
0.2600
02610
02620
02630
02640
02650
02660
02670
02680
ll~~go

D1=DRTE+l.
Y1=YERR
LINE=l
DO 750 I=L,M
~=(lm
PUR=PU( l)+C.E};P(-HLllGt2 .)*TIFl(I>/T<l)))
PIJB=PLI(2)+(EXP(-RLUG(2 . j+TIM(I>/T(2)))
PUC=PU(3>+(EXP(-RLOG(2 .)*TIM(I)/T(3>))
PIJD=PU(4)+(EXP(-RLOG(2 .)+TIM(I>/T<4)))
PUE=PU(5)+(EXP(-RLCIG(2 .)+TIM(I)/T(5)))
S=PUR+PUB+PUC+PUD+PUE
PUR=PUFI+1OO ./S
PUR=PUB+1OO ./S
PUC=PUC*1OO ..’s
PUD=PUD+1OO ./S
PUE=PUE*100./S
G1=2.380495*PUR
G2=2.390522*PUB
G3=2.40054*PIJC
G4=2.410567*PUD
G5=2.420587+PIJE
WJT=G1+132+G3+G4+G5
PRINT 760,111,Y1,PIJR,PIJB,PUC ,PUDSPUESRWT
760 F0RflRT(F2.0,X,F2.0,6(Fl 0.6,2X>>
LINE=LINE+l

9



02700 IF(LINE.GT.50>900S751
02710 900 PRINT 740s(ITIT(I) sI=l~2J)
02720 LINE=l
0?730 751 D1=D1+l.
02740 IF(D1.EQ.13.>765s750
02750 765 Dl=l.
02760 Yl=Yl+l.
02770 750 CONTINUE
02780 770 PRINT 420
02790 PRINT 780
02800 780 FIIRMFIT(*IF NE(IJ SRMP1.E DESIREllS TYPE 1 - “IF DIFFERENT
O281O++IIF SRME DRTR IS DESIRED, TYPE 2 - TYPE ZERU Ttl END+>
02820
02S30
02840
02850
02860
02870
02880
02890
02900
02910
02920

REFiD 260sK7
IF(K7.EQ.O)1OOO$79O
790 IF(K7.EQ.1)101~800
800 IF<K7.EQ.2)32OS1OOO
1000 CONTINUE
END
SLIBROUTINE CJUTP<FlrB~C)

DIMENSION R<300>
INTEGER B
PRINT 100
100 FllRllMT(*YEflR JiIN FEB MRR FIPR MRY JUN JUL FllJG* s

02930++ .SEP ❑cT r{av DECO >
02940
02950
02960
02970
0298 II
02990
0s000
03010
03020
03030
03040
03050
03060
03070
0:30:20
03090
03100
02110
0:31.20
021.?0
03140
03150
03160
03170
0318C1
03190
03200
03210
03~20

03230
03240
03~50

03260
03270
03280
03290
03300
03310
03320
03330

D=C+1900.
IF<R(B>. GT.999.)140S150
140 DO 160 I=lrBs12
N=I+ll
PRINT 170,D,(R<J), J=I,N)
170 F0Ffl13T(F4.0,i2X~12(F5.O sX))
160 D=D+l
60 To 180
150 Da 120 I=1SB912
N=I+ll
PRINT 120sD,<FI(J) sJ=I,N>
130 F0t?MFIT(F4.0~2X~12(F5.1 ~X) >
120 D=D+l.
180 D=O.U
RETURN
END
s~lBPllLITINE PUUUT<FI,B,C)

DIMENSION FI<300>
E=1900.+B+C-1 .
F=13+1900.
1=1
1!50F1=F+l
F2=F+2
F3=F+3
F4=F+4
PRINT 100~F,Fl,F2,F3sF4
100 F0RMRT<5/,*M0NTH*,2X,F4 .094(11X,F4.0>)
D=l.
160 PRINT 130,DsFI(I),R(I+12) sR<I+24) sFI(I+36)sR<I+48>
130 FaPM8T<F2.0,4X,F8.4,4(6X,F8 .4))
KI=D+l.
1=1+1
IF(D.ECI.13)140$160
140 D=l.
1=1+48
F=F+5 .
IF(F.GE.E)170S150
170 F=O.
RETURN
END
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SFWIPLE INFIIRMRTIDII RTllld PERCEHT INPUT IIRTR
EXFWIPLE CfiLCULRTIClr{ FUR 10 YEFIR DEC13Y PERIOD
THIS IS FRIRLY TYPICfiL OF PLUTtlr{IU1.1 r.lETRL r.lFITERIRLS
THE II{ITIRL PURITY HFIS EEEr{ SET TO 100% FUR THE SRI(E OF CLRRITY
THE Ir41TIRL FISSRYED FWIIILN{TS ❑F URRr+IUr.1 Pr{D Frr.lERICIUH HRVE BEEH RSSUNED TO O

Ih3TEFN{RLYZED--NIJ14TH-YERR 1-76
IrlITIRLFlr{RLYZEDIJRFI141UI.1O. UG/G
II{ITIRLRr{RLYZEDRHERICIUH O. UG/G
Ir{ITIRLRr{RLYZEDPLUTUHIUH PURITY 1.0000 PERCEf4T
Ir{ITIRL PLUTOr{IUrl ISIITCIPICRI{D CCIRRESPUNDIr{G HRLF-LIFE
238 PLI 00300 87.8
239 PU 97:61700 24390.0
240 PU 2.32400 6540.0
241 PU 05400
242 PU :00200 387%70

CRLCULRTED Ir41TIFrL RTUHIC WEIGHT OF PLUTUr{IUrl 239.076590

*

8’
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PU DECRY TfrBLE GEf{El?flTDR
FILL II{PIJT V13LUES MUST EITHER BE TERNIl{r3TED BY R DECIMRLS OR
Ctll{TFrIll R DECIMFrL. THE EXCEPTIUI{S RRE THE llJTPUT SELECTIONS
Rr4D THE riliRLYSIS DRTE
II{PUT SRMPLE NFWIE--UP TO 80 CHRS
? EXFVIPLE CRLCULRTIIII{ FUR 10 YEFIR DECRY PERIOD
II{PUT IJP TO 3 LINES ❑F CDNNEI+TS OR 3 SPRCE-BRR RETURNS
? THIS IS FFIIRLY TYPICRL OF PLUTCltiIUM NETRL NRTERIFILS
? THE II{ITIRLPURITY HFIS BEEI{ SET TO 100% FUR THE SRKE ❑F CLFIRITY
? THE Il{ITIFrL FISSRYED RMIU14TS IIF URR141UH MD RI.lERICIUN HFIVE BEEN RSSLNIED Tll O
IHPUT DR7E m+fwyzm RS rwfy
“? 0176
ItiPUT PU ISDTDPIC DISTRIBUTION{ FE. RTON PERCENTS
PU238
? . 003
PL1239
? 97.617
Pu 240
? ?.324
PU241
‘? .054
PU242
? .002
IriPUT IIIITIRL FII{RLYZED
? o.
Ir{PUT IriITIRL fOiRLYZED
? o.
IriPUT II{ITIRL RriFILYZED
? 100.

TUTRL URRr{IUH COriTENT Ir{ UG/G

RNERICIUM CIINTEI{T IN UG/G

PLUTtirlIUM CClliTEl{T IN PERCENT

II{PUT I{LWIBER CIF YEr3RS TCI BE CUVEPED Irl THE TRBLES RS YY.
THE DECIHRL IS REQUIRED, F!J{D IiIll HIIRE THFIN 2S YERRS HRY BE USED
‘? 10.
II{PUT R 1 FOR ERCH ❑UTPUT ❑PTIIIII DESIRED. R ZERO GIVF’
rin OUTpIJT FOR THRT TFIBLE
Il{DIVIDUiiLUI?FV{IUHISCITUPEGROld-IN
?1
TIITRL URRNIUN GROW-II{ 11{ UG
?1
TUTRL RI.lERICIUH GROW-II{ 11{UG
?1
PLUTDI{IUM PURITY 11{ Z DUE TO DECRY
?1
PU ISOTOPIC DISTRIBUTIDf{RS RTOH %
?1

IN UG

FUR RLL PU ISOTOPES



n

d

U 234 GROW-II! 11! UG/G

EXRNPLE CfiLCULflTIOli FUR 10 ‘T’ERR DECRY PERIOD

YEFIR
1976
1977
1978
1’379
1930
19s1
1932

1983
1984
1985
1986

JFlti FEB HFIR RPR NRY JUft JUL RUG SEP UCT riov DEC
o. 0 0 ,1 1 1 .1 1 .2 .2 .2 .2

.2 :3 :3 .3 :3 :; .3 :4 .4 .4 .4 .4

.5 .5 .5 .5 .S .6 .6 .6 .6 .6 “ .7

.7 .7 .7 .7 .8 .8 .8 .8 .8 .9 :; .9

.9 .9 1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.1 1.1 1.1
1.1 1.2 1.2 1.2 1.2 1.2 1.2 1.3 1.3 1.3 1.3 1.3
1.4 1.4 1.4 1.4 1.4 1.5 1.5 1.5 1.5 1.5 1.5 1.6
1.6 1.6 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 1.8 1.8
1.8 1.8 ~.8 1.9 1.9 1.9 1.9 1.9 1.9 2.0 2.o 2.0
2.0 2.0 2.1 2.1 2.1 2.1 2.1 2.1 2.2 2.2 2.2 2.2
2.2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

u 235 GR(’j(&Ir{ IN UG,G

EXIWPLE CRLCULF!TION FOR 10 YEfIR I)ECFIY PERIOD

YEt+R
1976
15!77
1978
1979
19s0
1981
1982
1983
1984
1985
1986

JRfi FEB NFIR FIPR NfiY JUti JUL RUG SEP CICT tiov DEC
o. 2.3 4.5 6.8 9.1 11.4 13.6 15.9 1%.2 20.5 22.7 25.0

27.3 29.5 31.8 34.1 36.4 38.6 40.9 43.2 4S.5 47.7 50.0 52.3
54.5 56.8 59.1 61.4 63.6 65.9 68.2 70.S 72.7 75.0 77.3 79.5
81.8 84.1 86.4 88.6 90.9 93.2 95.5 97.7 100.0 102.3 104.5 106.8

109.1 111.4 113.6 115.9 118.2 120.5 122.7 125.0 127.3 129.5 131.8 134.1
136.4 138.6 140.9 143.2 145.5 147.7 150.0 152.3 154.5 156.8 159.1 161.4
163.6 165.9 168.2 170.4 172.7 175.0 177.3 179.5 181.8 184.1 186.4 188.6
190.9 193.2 195.4 197.7 200.0 202.3 204.5 206.8 209.1 211.4 213.6 215.9
218.2 220.4 222.7 225.0 227.3 229.5 231.8 234.1 236.3 238.6 240.9 243.2
245.4 247.7 250.0 252.3 254.5 256.8 259.1 261.3 263.6 265.9 268.2 270.4
272.7 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
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U 236 GROW-IH 11{ lJG/G

EXFWIPLE CRLCULr3TIUri FUR 10 YEFIR DECRY PERIOD

YEfrR
1976
1977
1978
197’3
1980
1981
1982
1983
1984
198S
1986

JRr4 FEB r.lFrR fiPR rlr3y Juri JUL RUG SEP UCT rirw DEC
o. .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.9 4.1 4.3 4.5 4.7
4.9 5.1 5.3 5.5 5.7 5.9 6.1 6.3 6.5 ;.! 6.9 7.1
7.3 7.5 7.? 7.9 8.1 8.3 8.5 8.7 8.9 . 9.3 9.5
9.7 9.9 10.1 10.3 10.5 10.7 10.9 11.1 11.3 11.5 11.8 12.0
12.2 12.4 12.6 12.8 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4
14.6 14.8 15.0 15.2 15.4 15.6 15.8 16.o 16.2 16.4 :;:; 16.8
17.0 17.2 17.4 17.6 17.8 18.0 18.2 18.4 18.6 18.8 19.2
19.4 19.6 19.9 20.1 20.3 20.5 20.7 20.9 21.1 21.3 21.5 21.7
21.9 22.1 22.3 22.5 22.7 22.9 23.1 23.3 23.5 23.7 23.9 24.1
24.3 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

U 238 GROW-Ir{ Irl UG/G

EXRHPLE CRLCULFtTItlr+ FOR 10 YEFIR DECRY PERIOD

YEFIR
1’376
1977
1978
1979
1930
1981

1982
1983
1984
1985
1986

Jr3ri FEB HRR RPR r.lrw JUtl JUL RUG SEP IICT rmv DEC
o. 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

: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 :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.



TCITRL URRliIUH GROW-11{ 11{ UG/G

EXIWIPLE CRLCULRTIIIH FOP In YEW! DECRY PERIOD

YE17R
1976
1977
1978.
1979
1980
1981
1982
1983
1984
1985
1986

JFII{ FEB HflR FIF’R H17Y JLM{ JUL RUG SEP DCT rillv DEE
o. 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 24.9 27.4

29.9 32.4 34.9 37.4 39.9 42.4 44.9 47.4 49.9 52.4 54.9 57.4
~.; $&; 64.9 67.4 69.8 72.3 74.8 77.3 79.8 82.3 84.8 87.3

94.8 97.3 99.8 102.Z 104.8 107.3 109.8 112.2 114.7 117.2
119:7 122.2 124.7 127.2 129.7 132.2 134.7 137.2 139.7 142.2 144.7 147.2
149.7 152.1 154.6 157.1 159.6 162.1 164.6 167.1 169.6 172.1 174.6 177.1
179.6 182.1 184.6 187.1 189.5 192.0 194.5 197.0 199.5 202.0 204.5 207.0
209.5 212.0 214.5 217.0 219.5 222.0 224.5 226.9 229.4 231.9 234.4 236.9
239.4 241.9 244.4 246.9 249.4 251.9 254.4 256.9 259.4 261.8 264.3 266.8
269.3 271.8 274.3 276.8 279.3 281.6 284.3 286.8 289.3 291.8 294.3 296.7
299.2 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

TtlTFIL FII.lERICIUH GRCIU-11{It{UG/G

EXFWIPLE CRLCULRTICN{ FOR 10 YERR DECRY PERIIID

YEFIR
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

JRt4 FEB r.llw? RPR MRY JUri JUL RUG SEP tlCT tiov DEC
o. 2.1 4.3 6.4 8.5 10.6 12.7 14.8 16.8 18.9 21.0 23.0

25.1 27.1 29.1 31.2 33.2 35.2 37.2 39.2 41.2 43.1 45.1 47.o
49.0 50.9 52.9 54.8 56.7 E@.b 60.5 62.4 64.3 66.2 68.1 70.0
71.8 73.7 75.5 77.4 79.2 81.0 82.8 84.6 86.4 88.2 90.0 91.8
93.6 95.4 97.1 98.9 100.6 102.4 104.1 105.8 107.5 109.3 111.0 112.7
114.4 116.0 117.7 119.4 121.1 122.7 124.4 126.0 127.7 129.3 130.9 132.6
134.2 135.8 137.4 139.0 140.6 142.2 143.7 145.3 146.9 148.4 150.0 151.5
153.1 154.6 156.1 157.7 159.2 160.7 162.2 163.7 165.2 166.7 168.1 169.6
171.1 172.6 174.0 175.5 176.9 178.4 179.8 181.2 182.6 184.1 185.5 186.9
188.3 189.7 191.1 192.5 193.8 195.E 196.6 198.0 199.3 200.7 202.0 203.4
204.7 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
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PLUTDriIUr.1 PURITY ❑F RCTr.1IrlPERCEr4T

EXFWIPLECflLCULRTIllr{FUR 10 YERR DECRY PERIOD

HCII{TH1976
1 100.0000
~ ’39.9995
3 99.9991
4 99.9986
5 99.9982
6 99.9977
7 99.9972
8 99.9968
9 99.9963
10 99.9959
11 99.9954
12 99.9950

Hllr{TH 1981
1 99.9736
2 99.3732
3 99.9728
4 99.9723
5 ‘39.9719
6 99.9715
7 99.9711
8 99.9707

99*9703
1: 99.9699
11 9’3.9694
12 99.9690

1977
99.9945
99.9940
99.9936
99.9931
99.9927
99.9’322
99.9918
99.9913
99.9909
99.9904
99m991)lJ
99.9896

1982
99.9686
99.9682
99.9678
99.9674
99.9670
99.9666
99.9662
99.9658
99.9654
99.9650
99.9646
99.9641

1978
99.9891
99.9W7
99.9802
99.9878
99.9873
99.9869
99.9865
99.9860
99.9856
99.9851
99.9847
99.9843

1983
99.9637
99.9633
99.9629

99. 96Z5
99.9621
99.9617
99.9613
99.9609
99.9605
99.9601
99. 95s7

S9.9593

1979
99.9838
99.9834
99.9830
99.9825
S9.9821
99.9817
99.9812
99.9808
99.9804
99.9800
99.9795
99.9791

1984
99.9539
99.9586
99.?582
s9.~578
99.9574
99.9570
99.9566
99.9562
99.9558
99.9554
99.9550
99.9546

1980
99.9787
99.9782
99.9778
99.9774
99.9770
99.9765
99.9761
99.9757
99.9753
99.9749
99.9744
99.9740

1985
99.9542
99.9538
99.9535
99.9531
99.9527
99.9523
99.9519
99.9515
S9.9511
99.9508
S9.9504
9s.9500
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A

VRRIRTIUH IIF PLUTOl{IUM ISOTOPIC

EXRNPLE CRLCULRTIOH FOR 10 YERR DECRY PERIOD

MU YR
2 76
3 76
4 76
5 76
6 76
7 76
8 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 7%
3 78
4 78
5 78
6 78
7 78
8 78
9 78
10 78
11 78
12 78
1 79
2 79
3 79
4 79
5 79
6 79
7 79
8 79
9 79
10 79
11 79
12 79
1 80
2 80
3 80

238 PU
.002998

002996
:002994

002992
:002990

002988
:002986

1)0<9s4
:002982
. 002980

002979
:002977

: :E;z
. 002971
. 002969

002967
:002965
.00296’3
.002961
.002959
. 002957

002955
:0 029!33
. 002?51
. 002949

002948
:002946

002944
:002942

002940
:002.938
.002936
. 002934

002932
:002930

002928
:002926
. 002925
. 002923
. 002921

002919
:002917
.002915

002913
:002911
.002909

002907
:002905

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
97.62(w336
97.620896
97.621105
97.621313
97.621521
97.621728
97.621934
97.622139
97.622344
97.622547’
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

.002904 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
2.323872
2.323862
2.323852
2.323842
2.323832
2.323822
2.323812
2.323802
2.323792
2.323782
2.323772
2.323762
2.323752
2.323742
2.323731
2.323721
2.323711
2.S23701
2.323690
2.323680
2.323670
2.323660
2.323649
2.323639
2.323629
2.323618
2.323608
2.323597
2.323587
2.323576
2.323566
2.323556
2.323545
2.323535
2.323524
2.323514
2.323503
2.323492

241 PU
053788

:053578
053368

:053159
052951

:052743
052537

:052331
052126

:051922
051718

:051516
051314

:051113
.050913
. 050713
.050515

050317
:050120

049923
:049728
.049533

049339
:049146

048953
:04$3761
. 048570
.048380

048191
:048002

047814
:047626
.047440
.047254

047069
:046885

046701
:046518
. 046336
.046154

045973
:045793

045614
:045435

045257
:045080
.044903

044727
:044552
.044378

242 PU
.002000
. 002000
.002000
. 002000
.002000
. 002000
. 002000

002000
:002000
. 002000

002000

:002000
. 002000
. 002000
. 002000
.002000

002000
:002000
.002000

002000
:002000

002000
:002000

002000
:002000
. 002000
. 002000
. 002000
.002000
. 002000
. 002000

002000
:002000

002000
:002000

0(12000
:002000
. 002000
. 002000

002000
:002000

002000
:002000
.002000
.002000
● 002000
.002000

002000
:002000
.002000

RT. WT.
239.076590
239.076586
239.076581
239.076577
239.076573
239.076569
239.076564
239.076560
239.076556
239.076552
239.076548
239.076544
239.076539
239.076535
239.076531
239.076527
239.076523
239.076519
239.076515
239.076511
239.076507
239.076503
239.076499
239.076495
239.076491

239.076487
239.076483
239.076479
239.076476
239.076472
239. 07646S
239.076464
239.076460
239.076456
239.076453
239.076449
239.076445
239.076441
239.076438
239.076434
239.076430
239.076426
239.076423
239.076419
239.076415
239.076412
239.076408
239.076405
239.076401
239.076397
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VRRIFITIOHOF PLUTIN{IUM ISOTOPIC

EXIWPLE CfILCULfiTIClll FUR 10 YEFIR DECRY PERIOD

18

140‘fR
4 80
5 80
6 80
7 80
8 80
9 80

10 80
11 80
12 80

1 81
2 81
3 81
4 81
!j el
6 81
7 61
8 81
9 81

10 81
11 81
12 81

1 82
2 82
3 82
4 82
5 82
6 82
7 82
8 82
~ 82

10 82
11 82
12 S2

1 83
2 83
3 83
4 83
5 83
6 83
7 83
8 83
9 83

10 83
11 83
12 83

1 84
i? 84
3 84
4 84
5 84

238 PU
002902

:002’300
.002898
.002896
.002894
.002892
002890

:002888
.002887
.002885
.002883
.002881
.002879

:::;:;;
.002873
.002871
.002870
.002868
.002866
.002.864
002862

:002860
.002858
002857

:0028SS
002853

:002851
002849

:002847
.002845
002843

:002842
.002840
.002838
002836

:002834
.002832
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
97.630655
97.630829
97.631002
97.631175
97.631347
97.631519
‘?7.631690
97.631860 ‘
97.632030
97.632199
97.63236S
‘37.6325.36
97.632703
97.632870
97.633037
97.633202
97.633367
97.633532
97.633696
97.633859
97.634022
97.634184
97.634346
97.634507
97.634667
97.634827
97.634986
97.635145
97.635303
97.635461
97.635618
97.635775

240 PU
2.323482
2.323471
2.323461
&!.323450
2.323439
2.323429
2.323418
2.323407
2.323397
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
2.323168
2.323157
2.~23146
2.323135
2.323124
2.323113
2.323102
2.323091
2.323080
2.323068
2.323057
2.323046
2.323035
2.323024
2.323013
2.323001
2.322990
2.322979
2.322968
2.322956
2.322945

241 PU
.044204
.044031
043858

:043686
.043515
.043345
043175

:043006
.042837
042670

:042502
.042336
042170

:042005
.041840
041676

:041513
041350

:041188
.041027
040866

:040706
040547

:040388
040230

:040072
039915

:039759
.039603
.039448
.039293
039139

:038986
.038833
.038681
.038530
.038379
.038228
038079

:037929
.037781
037633

:03748S
.037339
.037192
.037047
036901

:036757
.036613
.036469

242 PU
002000

:002000
002000

:002000
002000

:002000
002000

:002000
.002001
.Oozool
.002001
.002001
002001

:002001
.002001
.002001
.002001
002001

:002001
.002001
.002001
.002001
002001

:002001
.002001
002001

:002001
.002001
002001

:002001
.002001
.002001
002001

:002001
002001

:002001
002001

:002001
002001

:002001
.002001
.002001
.002001
.002001
002001

:002001
.002001
002001

:002001
.002001

FIT. WT.
239.076394
239.076390
239.076387
239.076383
239.076380
239.076376
239.076373
239.076369
239.076366
239.076362
239.076359
239.076355
239.076352
239.076349
239.076345
239.076342
239.076338
239.076335
239.076332
239.076328
239.076325
239.076322
239.076318
239.076315
239.076312
239.076309
239.076305
239.076302
239.076299
239.076296
239.076293
239.076289
239.076286
239.076283
239.076280
239.076Z77
239.076274
239.076271
239.076268
239.076264
239.076261
239.076258
239.076255
239.076252
239.076249
239.076246
239.076243
239.076240
239.076237
239.076234



I

VRRIftTIOl{ ❑F PLUTIII{ILW1 ISOTOPIC

EXFWIPLE CRLCULRTIIII{ FOR 10 YERR DECRY PERIOD

Ml YR
6 84
7 84
8 84
9 S4
10 84
11 84
12 84
1 85
2 S5
3 S5
4 S5
5 85
6 S5
7 85
8 S5
9 85
10 85
11 85
12 S5
1 86

23S PU
. 002s 0s

002807
:002805

002S03
:002801
. 002799

002797
:002796
.002794
.002792

002790
:0 0278S

: :E;::
.002783

0027S1
:002779
.002777
.0 0277S
.002774

239 PU
97.635931
97.636086
97.636241
97.636395
97.636549
97.636703
97.636855
97.637008
‘37.637159
97.637310
97.637461
97.637611
97.637761
97.637910
97.63S05S
97.63S206
97.638354
97.638501
97.63S647
97.638793

240 PU
2.322934
2.322922
2.322911
2.322900
2.322S88
2.322S77
2.322866
2.322854
2.322843
2.322831
2.322820
2.322S0S
2.322797
2.322786
2.322774
2.322763
2.322751
2.322740
2.32272S
2.322716

241 PU
036326

:036184
036042

:035901
.035761

035620
:035481

035342
:035203

035066
:034928

034791
:034655

034519
:034384

034249
:034115
.033981
.033848
. 033716

242 PU
002001

:002001
. 002001
.002001

002001
:002001

002001
:002001
.002001

002001
:002001

002001
:002001

002001
:002001
. 002001
. 002001
.002001
.002001
. 002001

RT. WT.
239.076231
239.076228
239.076225
239.076223
239.076220
239.076217
239.076214
239.076211
239.076208
239.076205
239.076202
239.076199
239.076197
239.076194
239.076191
239.0761SS
239.0761S5
239.0761S3
239.0761S0
239.076177
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