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(RANIUM DAUGHTER GROWTH MUST NOT BE
NEGLECTED WHEN ADJUSTING PLUTONIUM
MATER!ALS FOR ASSAY AND ISOTOPIC CONTENTS

by

8. F. Marsh, W. D. Spali,
it. M. Abernathey, and J. E. Rein

ABRSTRACT

Relationships are provided to compute the decreasing plutonium content
and changing isotopic distribution of pilutonium materials for the radicac-
tive decay of *‘Pu, ?*Pu, 2°Pu, and **Pu 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 *'Pu to *'Am is generally applied in
analytical chemistry laboratories. Not usually recognized is that the effects of the radioactive
decay of **Pu, **Puy, *°Puy, and Py can exceed that of *'Pu decay, depending on the plutoiiium
isotopic distribution of the material. This is the case especially for materials having low #*'Pu
isotepic 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 »f time, (a) the plutonium
content, (b} grown-ir quantities of U, 3*1], #¢J, 8, and **Am, (c) plutonium isotopic dis-
tribution, and (d) plutonium atomic weight. The Fortran IV program for these calcuiations is

provided as an appendix.
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A. General

For a time interval at, th® number nf parent atoms decayed is

N-Ne=K§1-e B21n 2)/(té)] . "
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The published t4 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 isotcpes, four uranium daughter isotopes, and **Am. Alpha decay, the main decay
mode of Py, Py, #°Py, and **Pu, 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 *!'Pu to **Am does not change mass significantly, but coes, 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
233 24 390 239.0522
240 6 540 240.0638
241 14.7 241.0569
242 387 000 242.0588

*Ref. 1 for *Pu, **Pu, “°Puy, and *Pu.
Ref. 2 for **Pu.

UKANIUM DAUGHTER AND **AM
ATOMIC WEIGHTS

Isotope Atomic Weight
B 234.0410
#y 235.0439
267 236.0456
L 0 238.0508
MAm 241.0568

B. Plutonium Mass Decrease

The general equaticn giving thie mass decrease of an individual plutoriium isotope with time is

-(At) (In 2)/(t3) )
(AW)P:L [ (NO)Pi (1-e P J/ﬁ.OZZS E17

APy /P = (awy, (N) /6.0225 E23 (2)

e P

which reduces to

-(Ac)(in 2) / “DP,

APi/Pt = (lE6)(AFO)Pi \AWJP;

/ (AW)P ] [1-e
t



in which

aP, = micrograms decrease of individual plutonium isotope, P,
P, = grams total plutonium

(AW),, = atomic weight of P,

(AW),, = atomic weight of I*,

(No)s; = atoms of P, per gram of P, at initial time

(NoJe, = atoms of P, per gram of P, at initial time

at a decay time, years

(t8)p;, = half-life, years, of P,
(AF,)p; = atom abundance fraction of P; at initial time.

The total mass decrease of plutonium is the sum of the five individual plutoniun: isotope mass
decreeses.

C. Uranium Maeass Increase

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

Av, / P_= (AP, /P awy,, [/ (aw) s 4)
i t ( b c) [ U 1 P 1]
in which

alU; = micrograms increase of uranium daughter from decay of parent P,

(AW)ui= atomic weight of 1.

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

D. **Am Mass Increase

The ' Am mass increase s not significantly different from the *!Pu mass decrease given by Eq.
(3}

E. Plutonium: {sutent

The equation giving the decreasing plutonium content with time is

A - A D/1E6
A= 2 > . (5)
AO-AODIIEG + (1-A)) + A _G/IE6
which reduces to
AO(IEG) - D)
(6)

A ® —————— s
1E6 - AO(D-G)



in which

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

A, = plutonium content, ¢r& r's plutonium per gram material, at time t,

D = total plutenium mass riocrease, 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. Platonium Isotopic Distribution

The basic equation applies:

- e ~(At)(An 2)/(td) (7
P [+

i Pi .

=
y

The five N; 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), = z[(AF)P. (AW)P'} R 8)
t L i i

in which

(AW)p, = atomic weight of plutonium, at time t, + at
(AF)p, = renormalized atom fraction of individual plutonium isotope calculated by use of Eq.

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

I11. EXAMPLE CALCULATION

Table II gives the decreased plutonium content; grown-in quantities of 24U, 21, 26, #81J, and
MAm; and changed plutonium isotopic distribution for a plutonium metal typical of a Nationai
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 plutoniux con-
tent decreases 9.05% 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 11

EXAMPLE CALCULATION FOR 10-YR DECAY

Pu AP/P. Daughter Formed
isotope  (AF.)s;, (AF), L/g Isotope LR/B
238 0.00003 0.000027, 2.268 U 2.229
239 0.97617 0.97638, 277.353 il V) 272,703
240 0.02324 0.02322, 24.719 i B 24,306
241 0.00054 0.00033, 204.693 HAm 204.693
242 0.060002  0.000002, 0.000 aad§) 0.000,
(AW)p, = 239.0764 Z = 509.033 Z = 503.931
Plutonium Content
5 o o U1EED) ) L(1E6 - 509.033)
lEG-AO(D-G) 1E6 - 1 (509.033-503.931)

0. 999496 {or 99.95%)

Plutonium Atomic Weight

i z l(AF)Pi (AW)Pi

(0.000027,)(238.0495) 4- (0.97638,)(239.0522) + (0.02322,)(240.0538) + (0.00033,)
(241.0569) + (0.00002,)(242.0588)

= 239.0759.

]

(W),

n

REFERENCES

i. N. E. Holden and F. W. Walker, Chart of the Nuclides, Eleventh Edition, Knollz Atomic
Power Laboratory (1272).

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



APPENDIX

FORTLAN 1V COMPUTATIONAL PROGRAM
LASL IDENTIFICATION: LP-0710

40100 PRUGPAN PURCAY - HHIPUT,OUTPUT

QUL 400000000098 000000000000090+0300L4¢P0200030000°00u0s046000000000
noLang

G0130C PPOGGRAM TO CALCULATE PLUTONMIUM PURITY DECREASE KRS A FUNCTION OF
00140 TIME. WPITTEN S-12-76 BY W, DALE SPALY. FOR USE 0N THE LRASL 6600
GO1S0C pRONOS TINE SHARING SYSTEHM.

001600C

L0170C THIS PROGFRNY GEHERATES THBLES DF DANGHTER ISOTOFE GROW-INt BASED
Go180C OH AN INITIAL AMSLYZED PLUTOHIUN CONTEMY AMD ISOTOPIC DISTRIBUTIOMN.
0 THE CALCULATED VALUEZ SFE TEBULATEDS BY THE MONTHs WITH ZERO TINE SET
AS THE FIRST OF THE tONTH DESIGHATED BY THE AGALYSIS DARTE. THE
0200 VALUES CALLULATED ARE FOR OHE NONTH INTEPVALS FRON THRT DRTE. CARE
00220C MUST BE TRMEN IN SELECTING THE STARTING nONTH DRTE TO HIMIMIZE THE
002300 EFFECTS OF PARTIAL NONTHS. THE PU 1SOTOPIC DISTRIBUTION MUST BE IN
4ol ATON PEPCENTS. SINGLE TIME VALUES CAMIOT BE CALCULATED EARSILY.
Gne30C

O0260C YARIRELE LIST

0R270C ITIT, COMYs CONZ» COM3I -- FREE FORM INFORMATION LINES

002300 PUCYL TO S5 -- IMITIAL PLUTONMIUN ISOTOPIC 239 TO 242
00290C UG —= INITIAL UPAHILN CONTENT I8 UGG
062000 GAN -~ INITIAL ANERICIUN COMTENT 1t UG-G
002107 PUI —— INITIAL FPLUTONIUM PURITY IH PERCENT
n3z20C QUTPUT OFTIONS
P330C M2 —-- InDIVIDUAL UFANIU ISCTOPIC GROW-INM 1M UG
OC k3 ~— TOTAL UPAHIW GRPOL-TH I UG
OC K4 —— TOTAL ANERICIUM GROW-IN
00 kS —-— PLUTOMIZN PURITY IH %
X N bA —— PLUTONIUN ISOTOFRIC YARIATION RS FUNCTION OF TIME-ATOM %
DR300 Y —-—- HUNEER OF YEARS TO EBE COVEFPED I THE TABLES
a0n3a0C 1 o-- TOTAL HUNRER OF NONTHS TO EE COVERED I THE TRBLES
Wa4Nnal EPU —— S OF THE UG PU LOST IN TINE DELTA T
LI == SUun OF UG U GRINED I TINE DELTA T
A0AZ 00 US24s U225y UE36,UE3% -~ - [IF ERCH U ISOTOPE GARINED INH DELTA T
GO 300 PHIZ38, PUZRSYPUZA 0 FLIZ4) sFlicde -~ 6 PU LOST IN DELTA T
onas0C PURE —— PL FURITY It TIME DELTA T
anasol AWl ~= INITIAL ATOMIC WEIGHT PL CALCULATED FrROM ISOTOPIC

D04R0C AT -— ATODIC MEIGHT PL ' HLCULATED AT DELTA T
03?00 AM241 -- UG AMc4l FOFMED IN DELTA T

03300 FUA PUB«PUCs PUDWPUE -- ATOM % PII ISOTOPES IN LELTA T
aodsr TIM -— DELTA TIME IN LGECIMAL MONTHS

ONSOAC Trt 7O S -— RBALF LIVES GF PU USED IN DECAY CALCULATION
oSt ac

NS 0000000000000 000000000000 600000000300 000¢03000000000023200000900000
OOS2n LIMENSION ITIT«2Y,COMY 2, COM2 (8 s TOMIBY s T(3dH»PU S s T 300>y

LS N+IZ 34« 2000 v 22T 300 2 U236 (30M U238 ¢300> 5 AME241 (300> »PUZ3IBA\ALGLY »
NNSSOePZ39 03000 «PUSAN (33600 s FII241 (300> » PUS42 (3000 s PURE 1300 »
OUSHO+TIMSO0) s SPUSZGOD

00570 101 PRINT 100

NS0 100 FOPMAT Coflt IECAY TAERLE GENERATCRes <»

O0S30+eALL INMPUT VALUES MUST EITHER BE TERMINARTED BY £ DECIMOL, ORe,.,
GOS0+ CONTHIN A DECIMAL. THE ENMCEPTIONS ARE THE OUTPUT SELECTIOMSes- s
00s § o+ eRAND THE SMALYSIS DATE®)

woR&n PRINT 110

0030 110 FOPMAY te INPUT SAMPLE NAME~~UP 1O 80 CHRSe)

00640 READ 120s (ITIT<D s I=1.8D

0SS0 120 FORMAT (2RI

00680 FPINT 130

NA&7H 120 FORMAT (e INPUT LUP TO 3 LINES OF COMHMENTS OR 3 SPACE-BAR RETURNSe)
HUes0 READ 120, COM1CIDsI=1,8)

00530 READ 120y «OMRCID s I=1,8>

0700 READ 120, (COM3YID>»I1=1.8)

00710 PRINT 140



GOT20 1490 FOPMAT e INPUT DATE ANRLYZED RS MMYYe,
BuT0 PEAD 150G IRTEYEAR
nnTa0 150 FORMAT(EFE . 8>
GOS0 FRINT 16D
Na760 160 FOFMATCSINPUT PU ISOQTOPIC DISTRIBUTION AS RTOM PERCENTSe .  sebi 255 s
anTYe FEAD 170, FLIv 1)
aaran &0 FORMAT (11>
0OTH0 1TO FOPMRTF10.0)
1 PRINT 150
0 D 130 FOFMAT(eF1I23%e
Q020 PERD 170, PLCZ)
00830 PRINT 190
09540 130 FORMAT el 240e)
aazS0 KEAL 170, PlS: 3)
FRINT coG
cD0 CORMAT cofUCq 1)
L FEAD 170,PUC4Y
Gussn FRINT 210
Quens 210 FOPMAT(ePUZ42e)
Q310 FPERD L70,PLICS)
[ PRINT <20
220 FORMATCSINPUT INITIAL AMRLYZED TOTAL URSNIUM CONTENT IN US.Ge)
340 FEAD 170, 185
Qoeso PRINT 230
0060 220 FOFMAT e INPUT INITIAL AMARLYZED AMERICIUM CONTENT IN (iG/Geo
] FERD 179 GAM
PPINT 240
a0 240 FOPMAT SINPUT INITIAL ANRLYZED FLUTOMILM COMTENTY IN FEPCENTe)
G4po00 PERD 170, FPULIT
nyn1n 0 FRINT 220
1 QU4 ) FORMAT (¢ INPUT NUMBER OF YERF: 10 EE COVERED IN THE TRRLES A. YY.e
010304 voTHE DECIMAL IS FEGUIRED, AND HOT MOKE THAM 2SS YERF™ MAY EE UCEDe)
31040 FEADR 170 Y
#1050 PRINT 240
01 0en za0 FORMAT ¢ INPUT A 1 FOR EACH OUTPUT OFTION DESIRE
0107 0+eND OUTFUT FOP THRT THELEe® ./ »o[NDIVIDUAL UFANIUM 13
Gl R0 READ cENke
01030 PRINT =50
1100 350 FORMAT eTOTAL URANIUM GROW-IN 1IN UGe:
061110 RERAD céte k3
N11&0 FRINT Ze
N1120 360 FORMAT (o TOTAL AMERIC TUM GROW-IN IN Lisen
HL1g0 FERD SEre ¥ 4
1150 PPINT 2 u
Uiled 270 FORMAT CoFLUTONIUM FURITY IN % DUE YO DECAYe)
G1170 PERD 260 1S
01150 PRINT 280
01130 2306 FOFMATcePU 1S0TOPIC DISTRIRUTION AT RTOM * FOR ALL FU ISOTOFESe)
HrE0nn FERD 260, K6
niziac CET R INITIAL INDICIES
01&&0 F=DRTE
GlEz0 L=k+y
V134G M=tc.eY
1SS0 M=k +p
nigend CERD INITIAL WEIGHT AFPRAYS
01E70 DO 230 I=1r
0le2n0 IPUCLI=0,
01330 e Id=G,
QL300 Lec3ac]H=n,
11310 U23%cI>=0,
01320 UE36CI2=0.
01330 LR3AcCIi=0,
N1340 PURRR(LI=0.
01350 PUE3SC(IN=0.
01350 PLU240C]I =0,
01370 Plcatcl>»=0,

D. mn TEFO GIVES®s-
OTOFE GRDW-IN IN UGe)



013230 PU242¢<[>=0.
013230 AM24L <Ir =0,

11400 PURE (I) =0,

01410 390 CONTINUE

¢14e0nC CALCULATE INITIAL RATOMIC WEIGHT OF PU FROM ISOTOPIC
01420 P1=PLIC1) o2, 380496

01440 P2=PU(2) 2. 390522

11450 P3=PU(3)¢2.400538

01460 P4A=sPUY) #2.410569

01470 PS=PL (5> e2.420588

01430 AW=PL+P2+PI+P4+PS

G1430C SET IN HALF LIVES IN YERRS
Q1320 T(1,=37,8

G1510 Ter=24390,

01520 T(3>=6540.

01520 T{4>=14.7

NiS40 T.95=3837000,

Hissoc SEMERATE DELTA TIME

01560 DO 400 I=L>H

G1S70 A=1-N

1S3 TINII)=R-12.

0190 00 CONTINHUE

Meo0c SET INITIAL YALUES

01510 SPUK: =PUT

016280 SUK> =UG

01520 AN241 Mo =5RM

01540 PURE <N =PUL

G1ES00 CALCULRTE GROW-IN AND DECRARY
Nlenn PUI=PUL 00,

014570 DO 4190 I=LsH

1830 R==.RLAOGZ. ) eTIMAI3)

01630 E1=1,~EXPP-T13)

01700 Ee=1.-EXP . .P-T .25

91710 E2=1.-EXP P-T 2.

01780 E4=1,EXP R T 41,

(1720 ES=1.~EXPP-T-%S)

01740 U234 0]5=2340410, ePLI< 1 eF 1 Al
N17S0 U23S I =23504720, P11, 2, eEZ Al
01780 4565, oPil 32 SE2 /A

0177 SOS, oFL .5 eES/ AL
N17an 10563, eFILL. 4 sE4. /Fbi+GAN
01730 v is eEL1 /AW
1200 PU23% 15 Scc.ePU .2, eE2 /AN

PUSAG T =240053a, oPILI 2 oE 3 Fbl
PU241 (> =2410569., oFPL (4 oE4/RAW
PLZA2 (1> =242053%, oFU 15> ¢ES AN
SUC =L Iy #LUIEAS ([ 4226 (1) +U23B (1) +UIG
SPUCI> =PZ38 ) +PUS2I (1) +FLU240 (1) +PLI24 1 (I> +PUZ42 (1>
AT THIS POINT SPU IS ©U DECRERSE IN UG--COMVERT TD G-/TOTAL 6
013740 PUI® (1EE-SPUCL) >
01&30 =1E6—~PIUI® cSPLII) ~PL241 (I>=-SUIS 55
01590 PUPEI>=100, #5355
01300 410 COMTINUE
01316¢ FERDY FOF QUTPUT
91320 PRINT 420
01320 420 FOPHAT Crrrwsrrsisy
01340 FRINT 430
U1'ESH 430 FORMAT reSAMPLE INFORMATION ATON PERCENT IHPUT DATAe)
G12950 PPINT 1205 -ITITI>sI=1485
01370 PRINT 120y (COML 10 1=1,9
01330 PRINT 120y {LON2-1:91=1,585
01390 PRINT 120y <COM3:I2sI=158)
02000 PRINT 440:.DATE: YEAR
32010 440 FORMAT(/~/»eDATE ANHALYZED=~~ MONTH-YEAR®sF3. 0y e-0,F2. 0>

532020 PRINT 450, LIS
02030 450 FORMAT ~eINITIAL ANHALYZED UPAKIUMN #sF6.2s UG /Ge)




NS00 PRINT 4604GAM

02050 400 FOFMHTCSIMITIAL ANMHLYZED RMERICIUM oFE . Cre LG/ Ge)

0200 PFINT Q70 ,PLiY

DEO70 470 FORMATCSINITLOL AMALYZED PLUTCHMIUM PUPITY ©4F9.4,¢ FEFCENTe)
0050 FRINT a0 s+« FLCI X TCID) 212145

20N 450 FORMATCSINITIAL PLUTOHIUM ISOTOPIC AND CORFPESPONDING KALF-LIFEv)
D21 004 10232 FUSIFI S2NF7 .14, ,0239 FLIGFQ Si@XsF7 .13/ 19240 PU*FI,5,24
OZ110+F7 .10 cvecd] PliesFI . Ca2MsF7. 01/ 50242 PUSIFD . 592X sFB. 107070
n2teh PRINT 4S50 Al

0130 490 FOFMATCSCARLCULATED IKITIRL RTOMIC UVEIGHT OF PLUTONIUMe «FIZ.697 7>
NE1d S50 TR EQ.Y ) SEy,el0

02150 SE0 PRINT Seny i ITITCI),1=1.8)

(21RO S70 FOPMAT 10 0k 054 GROW~IN IN UG/Gess/sSR10y/ /)

CALL DUTP UL 3G Mo YERF)

2150 PRINT Sa»ITITIs1=1,3)

0S1%0 S20 FOPMATCLO- seU &35 GROW-IN IN UG Gey - 1y5R10s. #)

az2o0 CALL OUTPAUE3IS»My YERRFD

62210 PRIMNY SSQtITIT YD «1-143)

0Zcel S0 FORMAT (0~ yoU 3o GROW-IN IN UG /Ges /s8R0 )

0230 CALL DUTPOUE36 Mo YERF)

O02C40 PRIMT S00CITITCI Y el=13R)

V2250 €NN FORMATC1 0. »yoU C33 GFOW-IN IN UG/ 6es - 33R1057 73

02250 CALL DUTPCUCE8 M vERRY

02270 B10 IF(F3,EQ.1) 520040

02280 £20 PRINT w20, C1TITC(I>s1=]+8>

0290 630 FOPMAT 10 ¢ TOTAL URANIUM GROW~IN IN UG Ger -~ sBRI0 /)
02300 CALL DUTPCSU»MTERAR)

02310 A4N IFka EQ.10 E50+650

02320 S0 PRINT &70¢ITITcI)s1=148)

12330 670 FORMART( 16 ,oTOTAL AMERICIUM GROM-IN IN LG-Gey//38R10y/)
02540 CRALL GUTPAMR4L sMYERP

02350 680 IFLES.ED.1) 650,710

RS0 PRINT P00 ITITCIY oIzt ,8)

700 FORMATCLG- +ePLUTONIUM FURITY OF RCTM IN PERCENT®:-/38R10»/ /)
CALL FUOLITCFURE «YERR Y >

710 IFRG . ERLYL) 720770

02300 720¢ PRINT P40, ITITcIYel=1,8)

02410 TA0 FORMAT(10-,eYARFIATION OF PLUTONIUM ISOTGRIC® s 7 98R100 )
n2q4Z0+eMO YR T P Z23% PU 240 PU 41 PU c4Z PUes
0S4 30+ e HT . LT .e»

[ECE R CALCULATE ATOMS OF FU FOR RTOM % AND NEW RTOMIC WEIGHT
G450 DI=DATE+ .

0240 YI=YEAR

02470 LINE=1

02450 DO 750 I=LsM

02420 =0,

SS00 PURSPUCLID) S CEXNP (~Fit, D:3¢(2. »¢TIMCIDATC1))3

3510 PUBR=PIILE)@EXF(-ALOG . '¢TIMCINTC(2)) >

MISS0 FUCSFU(EIXEAP(~RLOG (2. +3TIMCINI/T(3)))

NOS20 PUD=RPUCA Yo EXPC-ALOGC2.0¢TIMCI)/TC4)))

N840 FUESPLIOS Y EXF(-RALOGC2.XoTIMCID TC(S)>)»

oSS0 S=PLUA+PUR+PLIC+PUD+PUE

02560 PUA=PUR*100.-S

N&Se 0 PUR=FPUBeI N0, S

62530 PUC=PUCei00,-:

0596 PLID=FUDe1 (0. -5

02603 FUE=PUE®L (D .-

02640 531=2.380495ePLRA

02620 62=2.390522ePuB

f2630 G2=2.40054ePLIC

08640 G4=2.410567ePUD

NeE50 6522 .4205870PUE

02660 RUT=GI+53+G3I+64+G5

NE670 PRINT 7600171 »PURAPUB s PUC »PUD »PUE +AWT

02660 760 FORMATCF2 . .0sXFC. 096 CF10.652%))

noARSN LINE=LINE+]




10

02700 IFCLINE.GT.S502900:751

02710 900 PRINT 740,CITITCI) « =193

02720 LINE=1

02730 751 Di=Dl+l.

G2740 IFC(D1.EG.13.)765,7350

02750 765 Di=1.

N2760 Yi=Yi+1.

02770 7?50 CONTINUE

02780 776 PRINT 420

2720 PRINT 780

02800 780 FORMRY(eIF NEW SAMPLE DESIREDs TYPE
¢&210+e0F TAME DRTA IS DESIREDS
02320 READ 260:K7

02830 IF(X?7.EQ.021000+730

022490 730 IFK?.EQ.1>101,300
023%0 900 IF(k7.EQR.2522051000
G260 1000 CONTINUE

uegvd END

028G0 ZUERDUTINE OUTP(RBL)

02890 NIMENSIOM AG30e
INTEGER E

2900
&2310 PRIMY 100

100 FORMAT(eYERF
Z0+e ZEP acT
D=C+1900,
IFCACEY JGT.9399,.0140150

140 0O 160 I=s1sBsiE

N=I+11

PRINY 170sDs CACID nl=] o N>

170 FORMATC(FL (Cs2X»12CFD.00XD)
168 D=Dh+]

G0 TO 180

150 0O 129 (=1sBsl2

N=I+11}

FRINT 120sDeACUDI s d=] sN)

130 FORPMAT(FA.0s@X112CF3,.1 X))
120 L=D+1.

120 U=0.0

PETURN

END

ZUBFOUTINE FPUOUTRBsCo
DIMENSION AC3002
E=1900,+B4C-1.

F=E+iR00.

I=]

150 Fi=F+!

Fa=F+2

F2=F+3

Fa=F+4

FRINT 100sFsFLsF2sF3sFq

FEB MAR AFR

DEC#*)

JAN
oY

62360
029re
Uz H3n
0233
atan
o3age
02020
Q3030
03040
03050
DRDAR
0z07 0
RGN0
D300
~3100
Nx110
3120
02130
02140
02150
03140
03170
03180
03130
nz200
93210
032220
132320
G240
03250
nN3ze0
03270
03280
03290
033960
033190
03320
03330

h=t.

120 FORMETIF2.098X3FB.494(EXFB.49))
I=N+1.

I=1+1
IF(D.EG.1321405160
140 D=1.

I=1+43

F=F+5.
IFCF.GE.E>170:150
170 F=0.

RETURN

END

1 = 'IF UIFFERENT OUTPUTSeas s

TYPE 2 — TYPE ZERQ 7O ENDe)

MAY JUN JUE. ALize s

100 FORMAT(S, »oMONTH® s2X1F4.054(11XsF4.055

160 PRINT 130sDsACIDsRCI+12) sRCIHZE) yACI43ED JALI+48)



SAMPLE IHFORMATION RTAOM PERCENMT INPUT DATA

EXQHPLE CALCULARTION FOR 10 YERR DECAY PERIDD

THIS IS FARIRPLY TYPICAL UOF PLUTONIUM METAL MATERIALS

THE INITIAL PURITY HAS BEEN SEY TO 100% FOR THE SAME DOF CLARITY

THE IMITIAL RISAYEDR AMOUMTS OF URANIUNM FND AMERICIUM HAYE BEEN ASSUMED TJ O

DRTE ANRLYZED~~ MIKITH~-YEAR 1-76

INITIAL PHALYZED URRMHIUN 0. UG- 6

IHITIAL RHALYZED AMERICIUNM o, UG/

INITIAL RHALYZED PLUTOMIUN PURITY 1.0000 FERCENT
IHITIAL PLUTOMIUM ISOTOPIC AND CORRESPOMDING HALF-LIFE
2328 PU . 00300 87.8

233 PU 97.61700 243%0.0

240 PU 2.32400 6540.0

24! PU . 05400 14.7

242 PU . Q0200 387000.0

CPLCULATED INITIAL RTOMIC WEIGHT DF PLUTONRIUM 233. 076590

11



12

P DECAY TABLE GENERATOR

ALL INPUT YALUES MUST EITHER BE TERMINATED BY A DECIMRL, OR
CONTAIN A DECIMAL. THE EXCEPTIONS ARE THE OUTPUT SELECTIONS
AMD THE ANALYSIS DATE

IMPUT SAMPLE HAME~--UFF TO 80 CHRS

7 EXAMPLE CALCULATIOM FOR 10 YEAR BECAY PERIOD

INPUT UP TG 3 LINES CF COMMENTS OR 3 SPACE-3RR RETURNS

7 THIS IS FAIRLY TYPICAL OF PLUTONILUM METAL MATERIRLS

7 VTHE INITIAL PURITY HAZ BEEW SET TO 1oux FOR THE SAKE OF CLARETY
? THE (HITIAL ASSAYED AMOUNTS OF URAMIUM AND AMERICIUM HAVE BEEM ASSUMED YO O
INPUT DATE RMALYZED AS HHYY

? D176

INPUT PU ISCTOPIC DISTRIBUTION AS ATON PERCENTS

PUR233

¥ .303

FLI239

T RF.617

PU 240

7 2.324

PU241

? . NS4

fUz42

? L 002

INPUT IHITIAL ANALYZED TOTAL URANIUM CONTENT 1IN UG-G

7 0.

INPUT IHITIAL ANALYZED AMERICIUN COMTENT IN UG-G

iHPﬁT INITIAL ARALYZED PLUTOMIUN CONTENT in PERCEMT

T 1840,

INPUT MUMBER OF YEARS TO BE COVEPED N THE TABLES AT YV.
THE IECIMAL IS REQUIRED» AND HOT HOPE THAK 25 YERRS NAY BE USED
T o1a.

INPUT R 1 FOR ERACH OUTPUT DFTIGH DESIRED. A ZERD GIVF’
HO CUTPUT FDR THAT THBLE

IHDIVIDUAL URRNIUN ISOTOPE GROW-IH I UG

71 )

TOTAL URANIUM GROW-INM IN L&

71

TOTAL AMERICIUH GROLI-INM Ift LG

71

PLUTOHIUM PURITY It % DUE TO DECAY

71

PU 1SOTOPIC DISTRIBUTION AS ATOM *% FOR ALL FU ISOTOPES

71



1 234 SROU-IN I UG/6

EXANPLE CALCULATIDNM FOR 10 YEAR DECAY PERIOD

FEB

* e 2 > 2 e & » e @

COMINUYNUWD

O T o e s o

» UG eENeNNWD

i} 235 GROW-IN IN UG-G

EAAMPLE CALCULATION FDR

JENH
Q.
27.3
54.5
31.8
109.1
B 13€.4
1332 163.6
1333 190.9
1334 218.2
1983 245.4
1985 @&eve.?

FEP
.3
29.5
56.8
B4, 1
111.49
138.6
165.¢€
193.2
eao0.4
e47.7

0.

RPR

Lo A0 3 (VN VIR TV

MAY

O NDND DLW

JuUti

= ONAMNC OO W -

" o & 3 & 4 b e s 4 »

O MU = e s e

JuL

SOUNARNOC W~

10 YEFR DECARY FERIOD

RPR
6.8
34,1
6l.9
88.6
115.9
143, 2
1¥0. 4
197.7
225.0
252.3

0.

HAY
3.1
6.4
63.6
IN.?
1158.¢
14%.5
172.7
200.9
2e7.3
254,55
0.

Jut
11.4
23.6
€T.9
3.2
120.5
147.7
i75.0
eoa.3
239.5
£956.8
0.

JUL
13.6
40.9
63.2
9S5.5

12e. 7

i50.0

177.3

204.5

231.8

299.1

0.

2

(=R O G
“ s e v s s
0NN e DT o

AUG
15-%
43.2
70.5
97.7

123.0

152.%

179.&%

206.8

234.1

261.3

0.

)
m
v

ST TUT. .
NWNWRWe DN

L O e

SEP
3.2
45.5
2.7

100.9

127.3

154,5

181.8

cu9.1

236.3

263.6

fi,

acr

No~NUltw= O s

acy
20.5
47.7
?5.0
102.3
129.5
1%6.8
134.1
211.4
238.%
265.9
0.

Vowwhw=w™Aamn

HOY
22.7
0.0
7.3

iD4.5

131,

159.1

186.4

c13.6

240.9

268.2

0.

« s

oW RWw=Qyadh

DEC
es. t
52.3
73.5

106.8
124.1

161.4

188.6

c15.9

243.8

270.4

0.

13



U 236 GROW-IM IN UG-G

EXAMPLE CALCULRTION FOR 10 YEAR [ECAY PERIOD

YERR  JANH FEB MAR RFR HAY Juny JUL

1976 0. .2 4 .5 3 1.0 1.2
1277 2.4 2.5 e.3 3.0 3.2 3.4 3.6
i378 4.9 9.1 9.3 5.9 5.7 5.9 6.1
1979 7.3 7.5 7.7 7.9 2.1 8.3 8.5
1930 2.7 9.9 10.1 10.3 16.5 10.7 10,9
1331 12.2 12.4 12.6 12.8 13.0 13.2 13.4
132 14.6 14.8 115.0 15.2 15.4 15.6é 13.8
1983 17.0 17.2 17.4 17.6 17.8 18,0 18.2
1984 19.4 9.6 19.9 @20.1 20.3 2.5 20.7
1985 21.9 22.1 22.3 22.5 @2a.7 ge2.9 23.i
1986 24.3 0. 9. Q. Q. Q. 0.

228 GROW-IN IN UG
EXARMPLE CALCULATION <UR 10 YEAR DECAY PERIOD

VEAR  JAN FEB HAR RPR HAY Jurt JuL

1374 0. .0 Y .0 N . .Q
1377 .0 .0 . L0 LG .0 .0
1373 .0 ] .0 .0 .0 .0 .0
1979 .0 .0 )] .0 .0 .0 .0
1330 .0 . @ oM .0 .0 .0 .0
1231 .0 .0 .4 .0 .0 .0 .0
1922 .0 .0 W0 .Q .Q .0 .0
19833 N o0 . N .0 .0 .0 .0
12334 .0 .0 .0 ] .0 .0 .0
1985 .0 .0 .0 .0 .0 .0 .0
1336 .0 n. 0. g, 0. 0. 0.

Ll

pg

e e 3 e s 5 s e

WOESPH= WO

L VI
DWW OWML QO () e

e s e
oo s
o
0
-
T e s e s v s e s s
coocoToocoeo

o

3.3
11.8
14.2
16.6
19.0
21.5
23.9

0.

Hov

A e s a4 s
L= ==l = I = T N e )

o

.
>



TOTAL URRNHIUM GROW-II 1M UG/G

EXRMPLE CALCULATION FOP tn YEAP DECAY PERIMD

YERP
1376
177
1978
1979
1980
19381
1982
1983
1984
1985
1986

JAN
0.

119.7
149.7
179.5
209.5
239.4
269.3
299.2

FEB

2.5
2%.9 32.4
59.9 6&.4
89.8 92.3
122.2

152.1
182.1

ci12.0

241.9

271.8

0.

HAR
S.0
34.9
€4,9
94.8
124.7
154.6
184.6
214.5
244.4
274.3
0.

TOTAL ANERICIVI GRDW-Itt

EXRHPLE CALCULATION FOR

YERR
1976
1377
1978
1979
1980
1931
1982
1983
1984
1985
1936

Jrny
.
25.1
49.0
71.8
93.6
114.4
134.2
153.1
171.1
183.3
204.7

FEB
2.1
27.1
50.9
73.7
95.4
116.9
135.8
154.6
172.6
189.7
0.

RPR
7.5
37.9
67.%
7.3
127.2
157.1
187.1

HAY
10.0
29.9
69.8
99.8
129.7
159.6
189.5

217.0 219.5

246.9
27v6.8
g,

c49.4
279.3
0.

It UG-6

Jun
12,5
42.49
72.3

102.%

132.¢

162.1

192. 6

222.0

251.9

281.5

0.

JuL
15.0
44.9
74.8

1064.8

134.7

164.6

194.5

224.5

254.4

284.3

0.

16 YEAR DECRY PERIUD

APP
6.4
3i.¢e
54.8
77.4
9.9
119.4
133.0
157.7
175.9
192.5
0.

HAY
3.5
33.2
56.7
e
108.6
iet.1
140.6
139.2
176.9
193.8
0.

'

[

-

DN
(=X N

[N KA

102.4
122.7
142.2
160.7
178.4
195.2
0.

JuL
12.7
37.2
B0, 5
82,8

104.1

124.4

143.7

162.2

179.8

196.6

0.

AUG
17.S
47.4
77,2

107.3

137.2

167.1

197.0

ac6, 9

256.9

286.8

0.

RUG
14.3
39.2
62.4
84.6
105.8
126. 0
145.3
163.7
181.2
198.0
0.

SEP
20,0
49,9
79.8

£09.8

139.7

169.6

199.5

2e9.4

259.4

289.3

0.

SEP
16.2
41.2
64.3
86.4
107.5
127.7
146.9
165.2
182.6
199.3
0.

acy
2e2.5
S5c.4
82.3
112.2
142.2
172.1
202.0
231.9
261.8
a91.8
0.

ocT
13,9
43.1
66.2
88.2
109.3
129.3
148.4
166.7
184.1
200.7
0.

HOov
24.7
54.9
84.8

114.7

144,7

174.6

204,95

234.4

264.3

294.3

0.

Hov
21.0
45.1
68.1
90.0

111.0

1306.9

150.0

168.1

185.5

202.0

0.

DEC
27.4
S57.4
&7.3

117.2

147.2

177.1

207.0

236.9

266.8

296.7

9.

DEC
23.0
47.0
70.0
9t.8

112.7

132.6

151.5

i69.6

186.9

203.4

0.

15



16

PLUTOMIUM PURITY OF RCTH If{ PERCEHT

EXAHPLE CALCULATION FOR 10 YEAR DECAY PERIOD

MONTH

WONGTUN L W

(=Y
o

11

—
n

MOHTH

- s
W= QONDU LW

1976
100.0000
99,9993
99.9991
93,9936
99,9982
99,9977
99.9972
99,9968
99,9963
99.9959
99.9954
99,9950

1981

99.9735
99.9732
99.9728
99.9723
99,9719
9%.97195
99.9711
99,9707
99.9703
99,9699
99.9694
99,9690

1977
29,9945
29.9249
99,9336
99,9931
99,9927
29,9922
99,9213
29,9913
99,9209
99,9204
99.9900
99.9896

1932
99, 636
99, 9688
99.9:73
99.96.°4
99.95670
99,9665
99,9662
93,9658
@9, 9654
39,9650
99,9646
29,9641

1978
99,9891
99,9887
99.928&
99.9878
99.9873
99.9869
99.9365
99.9860
99.9856
99,9851
29,9847
99.9843

1923
99,937
99,9633
29, 9529
29.96E5
99.9621
99.9617
99.9613
99.9609
99,9605
99,9601
99.9557
99,9593

1379
99,9833
99.9834
99,9230
99,9825
99, 9z21
99,9317
29.9312
99.93808
99.9304
99,9800
99,9793
99,9791

93,9578
29,9574
99.9570
9, 3566
99.9562
99,9558
99,9554
99.9550
99,9546

19380
39,9787
93,9782
99,9778
29,9774
99.9770
99,9765
99.9761
99,9757
99.9753
59.9749
99.9744
99.9740

1985
93,9542
99,9538
99,9535
39,9531
99,3527
99,9523
99,9519
99,9515
99.9511
99.9508
99.9504
99.9500



VARIATION OF PLUTONIUM ISOTOPIC

EXRMPLE CRALCULATION FOR 10 YEAR DECAY PERIOD

Hg

=l

QNN SL W

.
-

wmr-m-—o\om~uo~u:—wm-—m--o\oco\|o«i.nawn.--ﬁ:;\nccu\lmunawm-—'ﬁ‘:

g

s e

Y&
4
76
76
76
76
76
76
76
6
76
76
e
77
?7
7
7
77
77
77
7
77
77
77
78
7’8
73
73
?’3
73
73
73
78
7’8
73
78
79
79
79
79
73
79
9
79
79
79
79
79
80
80
80

238 pPU
. 002998
« 002996
. 002994
. 002992
. 002990
. 002988
. 002986
. 008924
. 00e98e
. 002980
. 002979
. 002977
« 002975
. 002973
. 002971
. 002969
« 002967
. 002365
« 002963
. 002961
. 002959
< 002957
. 002955
. 002953
002951
. 002943
» 002943
. 002946
. 002944
. (82942
. 002349
. 002923
. 002936
. 002924
. 002932
. 002230
. 002923
. 002926
. 002925
. 002923
002921
. 002919
. 002917
. 002915
. 002913
. 002911
. 002909
. 002907
. 002905
. 002904

239 PU
?7.617223
37.617446
97.617667
97.617888
97.613108
97.618327
97.618545
97.618763
97.618980
97.619176
97.619411
97.61962%
97.619839
97.620052
97.620264
97.620475
97.620685
97.62033%
37.621105
97.621313
97.621521
97.621728
97.5621934
97.622122
97.622244
97.622547
97.622751
27.622953
97.623155
97.623356
97.62355%6
97.623755
27.6239%4
97.624152
97.624349
97.624546
97.624742
97.624937
97.6e5132
97.625325
97.625319
97.625711
97.625903
97.626094
97.626284
I7.626474
97.626663
97.626851
97.627039
97.627226

240 PU
2.323990
2.323981
2.323971
2.323961
2.323951
2.323941
2.323932
2.3e35%e22
2.3e3912
2.323%902

. 223892
2.323882
c. 323872
¢.323862
2.323852
2.322842
2.323832
2.323822
2.3e3812
2.323802
2.323792
2.323782
2.32e377e
2.323762
2.3237%2
2.323742
2.323731
2.323721
2.323711
2. 223701
2. 323690
2.323680
2.323670
2.323660
2.323649
&.383639
c.323629
2.323618
2.323608
2.3235%597
2.3235e7
2.323576
2.323566
2.323556
2.32354%5
2.323535
2.323524
2.323514
2.323503
2.323492

241 PU

. 053738
« 053578
. 053368
. 053159
. 052951
. 052743
. 052537
. 052331
. 052126
. 051922
.051718
. 051516
. 051314
.051113
. 050913
. 050712
. 050515
. 050317
. 050120
. 049923
. 045728
« 049533
« 049339
. 049144
« 0453953
. 0483761
. 048570
. 043320
. 043191
. 043002
» 047314
. 047626
. 047440
. 047254
. 047059
. 046835
. 045701
. 046518
. 045336
. 046154
» 045973
. 045793
. 0455614
. 045435
. 045257
. 045080
« 0449503
« 044727
« 044552
« 044378

242 PU

. 062000
. 002000
. 002000
» 002000
. 002000
. 002000
. 002000
» 002000
. 002000
. 092000
. 002000
+ 002000
« 00200
« 602000
002000
. 002000
. 002090
. ngeoon
. 002000
» 002000
« 002000
. 002000
. 002000
. 002000
«00z00o
« 002620
« 002000
« 902000
- 002070
- 002002
. 002000
. 002000
« 002000
- 002000
. 002000
. 002000
. 002000
. 002000
» 002000
. 002000
. 002000
. 002000
« 002000
. 002000
« 002000
- 002000
« 002000
. 002000
. 002000
- 002000

AT. T,
239. 076590
239. 076586
239. 076581
232. 076577
239. 976573
239, 076369
239. 076554
239. 0765690
239. 076556
239. 076552
c39. 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
232, 076491
239. 676487
239. 076483
239. 076479
239.076476
239.076472
239. 076468
239. 076464
239. 076460
239. 076456
239. 076453
239. 076449
239. 076445
233%. 076441
239. 076438
239, 076434
239.076430
239. 075426
239. 076423
239. 076419
239. 076415
239. 076412
239. 076408
239. 076405
239. 076401
239. 076397

17
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VARIATION OF PLUTOMIUM 1SOTOPIC
EXRMPLE CALCULARTION FOR 10 YEAR DECAY PERIOD

MO

[ d Ll o
CWWNTALW =N~ HLNGWASS

[y
-

12

YR
30
80
S0
80
80
30
30
30
80
81
81
81
81
31
31
31
31
31
31
31
31
8e
82
a2
3e
2
32
32
82
a2
32
32
se
33
a3
323
33
83
33
83
83
83
33
X
a3
34
34
54
84
84

238 PU
. 0o2s02
» 002900
. 002898
« 002896
« 002894
. 002892
. 002890
. 002888
. 002887
. 002885
. 002883
. 002881
. 002379
. 002877
. 002875
. 002873
. 002871
. 002870
. 002368
. 002866
. 002864
. 002862
. 0028460
» 002858
. 002857
. 002855
. 002353
. 002851
. 00284%
« 002347
. 002845
. 002843
. 002842
. 002240
. 002838
. 002336
. 002834
. 002832
. 002830
. 002329
. D02327
. 002829
. 002823
. 002821
. 002819
. 002818
. 002816
. 002814
.p02gia
. 002810

229 PU
Av.627412
97.627598
A7.627783
97.627967
97.623151
97.628324
97.623516
97.628698
97.628879
@7.522059
A7.5629239
27.629418
7.629597
97.529775
97.629952
97.630129
97.630305
I7.630480
@7.&30655
A7.530829
97.631002
F7.631175
7. 631347
RT.E315919
F7.631690
A7.6321260
ar.632020
Q7. 32193

97.634028
97.634124
97, 5634346
97.634507
97.634667
Q7.634827
97.634926
97.635145
97.635303
97.63%5461
a47.635618
a97.635775

e40 FU

2.32348¢2
2.323471
2.323461
&2.323450
2.323439
2.323429
2.323418
€.323407
2.323397
2.323386
2.323379
2.323364
23223354
2.323343
2.323332
2.323321
2.323310
2.323300
2.323289
2.323273
2.323a67
2.323256
2.323245
2.323234
2.3232e3
2.3223212
2.323201
2.323190
2.3%23179
C.322168
2.223157
2.323146
2.32313%
2.223124
2.323113
&.323102
&.323091
2.3e3080
2.323068
2.223057
2.323046
2.323035
2.323024
2.323013
2.323001
2.322990
2.322979
2.32e968
2.322956
2.322945

241 PU

. 044204
. 0440731
. 0438583
. 043656
. 043513
. 043345
. 0432175
. 043006
. 042837
. 042670
042502
. N4233A
.042170
. 042005
. 0418410
. 041676
. 041513
.0413%0
.041188
. 041027
. 040856
. 040706
. 040547
« 040333
. 040220
. 040072
. 039915
. 639759
. 039602
. 0235442
. 039293
. 0391329
. 038936
. 033323
. 038631
. 033520
. 038379
. 033228
. 023079
. 037923
. 037721
. 037633
< 037485
. 037339
. 037192
. 037047
. 036901
. 036757
. 036613
. 036469

e4e PU

. 002000
. 0N2o00
. Do2000
. D0enoo
.N0p2ono
.o2000
. 002000
. N02ono
. 00001
. D02001
. 0o2001
002001
02001
. 002001
.Noeonnl
. 102001
002001
L 002091
002001
002001
. 0ozont
002001
L 002001
002001
. DRE091
L 002001
.o0z20o01
002001
.0o0z2on1
R T=1 1113
. Hoc001
.haeoot
» 002001
hazo0l
L, 002001
Lanz2001
L ONE001
. 00001
. 002001
. 002001
. 002001
-onzony
Luzz001
002091
. dn2ebt
. 002001
. 002001
. 002001
. 002001
. 002901

Al. »T.
239, 076394
239, 1,6390
239.076337
239, 076383
23%9. 075330
233. 076376
239. 075373
3%, 176367
239. 076366
23%9. 076362
239. 075359
229, 0763SS
239.076352
239. 076349
235. 076345
23%. 076342
23%.076338
23%. 076335
232.076332
23%. 076328
229, 075325
239. 075322
23%. 075318
2358, 076315
e, 0P8 12
23%. 076309
239. 075305
232. 0763202
239. 076299
23%. 075296
2329, 076293
239. 0762583
239. 076286
239. 07kc33
232, 076280
239. 076277
23%.076274
237. 076271
232. 076268
23%. 076264
232%. 076261
239. 076258
239, 076855
239. 076252
239. 076249
239. 076246
239, 076243
239. 076240
£239. 076237
23%.076234




YARIATION OF PLUTOMIUNM 1SOTOPIC

EXAMPLE CALCULATIOM FOR 10 YERR DECAY PEPIOD

no YR 238 PU 239 PU 240 PU 241 PU 242 PU AT. WwT.
& 34 . 002308 P7.635931 2.322934 . 036326 . 602001 23%.076231
7 a9 . 002807 9I7.636086 2. 322922 . 036124 . 002001 239.076228
8 84 . 002805 97.636241 2. 322911 . 036042 . 002001 239, 0762295
9 34 . 002802 97.636395 2.:322900 . 035901 . 002001 239,.076223
10 84 . 002801 97.636549 2.322888 . 035761 . 002001 239.076220
11 84 . 5827939 97.636703 2.322877 . 035620 . 002001 239.076217
12 84 . 002797 97.635855 2.322866 . 035431 .0U2001 239.076214
1 85 . 0028796 97.637008 2.322854 . 035342 . 002001 233.07€2°1
2 85 . 002794 97.53715% 2.322843 » 035203 .002001 239.07620a
3 85 . 002792 87.637310 2.322831 . 035066 .002001 239.076205
4 85 . 00279¢ 97.637461 2.322820 . 034928 . 002001 239.076202
S 85 . 002788 97.637611 2.3c2808 . 034791 . 002001 @239.07619%
6 85 . 002786 Dr 637761 2.3228797 « 034655 . 002001 239.076197
7 85 . 002785 97.637910 2.322786 . 034519 . 002001 239.076154
3 85 . 002783 97.638058 2.322774 . 034384 . 002001 @23%,076191
9 85 . 002781 97.638206 2.322763 . 034249 . 902001 239.076188
10 85 . 002779 97.€38354 2.322751 . 034115 . 002001 239.076185
11 85 « 002777 97.638501 2.322740 . 033981 . 002001 239.076183
12 85 «DDE?7S 97.638647 2.32a728 . 033848 .602001 239.076180

1 86 . 008774 97.638793 2.322716 . 033716 . 002001 239.076177



