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PACER PROCF.SSIN'i;:

CAVITY INVENTORY Rr.I.ATini.

by

!!. J. Dietz and L. A. Critzo

ABSTRACT

The Pacer cavity and its associated primary power
loop comprise a recirculating system in which materials
are introduced by a series of thermonuclear explosions
while debris is continuously removed by radioactive
decay, sorption phenomena, and deliberate processing.
Safe, reliable, and economical realization of the Pacer
concept depends on the removal and control of both
noxious and valuable by-products of the fusion reaction.
In this paper, mathematical relationships are developed
that describe the quantities of materials that are
introduced into the Pacer cavity by a series of dis-
crete events and are removed continuously by processing
and decay. An iterative computer program based on
these relationships is developed that allows both the
total cavity inventory and the amounts of important
individual species to be determined at any time during
the lifetime of the cavity in order to establish the
effects of the thermonuclear event, the cavity, the
flow, and various processing parameters on Pacer design
requirements.

I. INTRODUCTION

Pacer is a concept to exploit existing

thermonuclear technology by utilizing the

fusion energy and the neutrons produced by

repetitive detonations of thermonuclear de-

vices in a large decoupling cavity located

more than a kilometer underground. The ul-

timate objective of the Pacer concept is to

produce electrical power on a national

scale, directly, by using fusion energy to

drive a steam turbine power plant, as well

as indirectly, by using excess fusion neu-

trons to produce fissile fuel for conven-

tional nuclear power plants.

The Pacer cavity would be cooled by a

working fluid, presently considered to be

a high-pressure condensable gas. Circula-

tion of this working fluid will transport

materials from the cavity to cooler portions

of the circulation loop where some mate-

rials will precipitate from the coolant

gas. Depending on their physical and

chemical properties, these precipitated

materials may produce corrosive and/or

erosive effects, inhibit heat transfer,

and otherwise prove generally troublesome,

just as they do in conventional (combustion-

fired) power plants. These considerations

suggest that the Pacer working fluid be

confined in a primary loop to simplify

the initial Pacer design and to allow con-

ventional steam power plant components to

be purchased for the secondary generating

loop.

While pure-fusion devices and other

advanced thermonuclear concepts now under

study may eventually provide Pacer with

more economical energy sources, our



commitment to existing technology dictates

that we consider fission-ignited thermonu-

clear devices of current design as the best

source of Pacer power presently available.

Safe containment of relatively high-yield,

cost-effective devices of this type

(approximately 20-50 kilotons) will require

underground cavities comparable in size to

the largest ever mined for the storage of

petroleum products. Cavities of this mag-

nitude require enormous volumes of working

fluid. For example, a typical 300-m-diam

Pacer cavity could contain nearly a million

tonnes of dry steam at approximately 80(l°K

and 200 atmospheres pressure.

II. PACER PROCESSING REQUIREMENTS

The debris introduced by the thermonu-

clear device can be controlled, within

limits, by the device design, and the

device debris will represent a very small

fraction of the cavity volume, even if it

is allowed to accumulate. There is no fun-

damental physical reason for removing fis-

sion products or other neutron poisons from

Pacer as there is in a conventional nuclear

reactor; however, operational considera-

tions may require the removal of device

debris from the Pacer power loop. Foremost

among these is the probability that some

debris may be carried by the working fluid

as an abrasive aerosol. Additionally, the

intrinsic value of the fertile and fissile

debris may make their efficient recovery

from the cavity essential to the economic

success of Pacer.

In general, all components of the ther-

monuclear device will be vaporized in the

exploding fireball. Extremely fine part-

icles of mixed oxides may remain entrained

in the working fluid, may agglomerate into

larger particles and settle to the bottom

of the cavity, or may adhere to the cavity

walls. Some debris will be dissolved in

the working fluid along with soluble cavity

materials. Gaseous products of

combustion, fission product gases, unburned

deuterium and by-product tritium will ex-

change and mix with the working fluid and

will also be carried to the surface.

In view of the complexity of the Pacer

primary loop and the variety of the pro-

ducts it might contain, it is essential to

develop the capability for determining the

net inventory of contaminants introduced

into the cavity by a repetitive series of

Pacer events as they are simultaneously

and continuously removed by both deliberate

and incidental processes. The following

treatment presents a preliminary solution

for the problem and one that will serve as

the basis for additional refinements as

they are developed. This treatment has

already been programmed for routine compu-

ter calculation in a manner described in

the Appendix to this report.

III. PACHR CAVITY RELATIONSHIPS

A number of atoms, No> of a species of

interest is generated instantaneously by

the explosion of each of a series of Pacer

devices detonated at regular intervals, Tj.

This material is generally removed by two

first order processes: radioactive decay

and the continuous recirculation and pro-

cessing of a large mass of working fluid,

MQ. The working fluid is a diluent for the

accumulated quantity N of a particular spe-

cies, which is partially removed by a natu-

ral or induced process having an efficiency

for removal, e.

At the beginning of each shot interval

of duration Tj, No of new material is intro-

duced (instantaneously), and the subsequent

rate of removal is:

CD

where the total first-order removal con-

stant, X, is the sum of the first-order

decay constant Ap and the process' tr, con-

stant A_



• Ap

In general, and for a particular fis-

sion product, Ap should include the effects

of its radioactive decay as well as its

formation as the daughter product in a

chain of precursor decay products. Similar-

ly, Ap should include all the first-order

removal processes, both deliberate and inci-

dental, that involve the species of in-

terest. However, for simplicity, this

treatment is restricted to primary formation

and removal processes. The more general

case will be treated in a subsequent report.

IV. THE PACER SHOT SERIES

A typical plot of the cavity inventory

during a series of Pacer events is shown in

Fig. 1, which also serves to establish our

nomenclature for an infinite series of Pacer

events. Note that after a large number of

events, the Pacer inventory begins to

"rachet" just below an equilibrium value,

N(eq). This occurs when the amount of new

material introduced by each shot, NQ, is

equal to that removed during the interval

between each shot, or when N is sufficiently

large so that C approaches 1 in the equa-

tion:

CN lim O l
n*»>

(3)

C is the convergence factor: a measure of

the extent to which Nj(n) approximates the

equilibrium value.

The amount of material introduced by

the initial shot, and every subsequent shot,

Time (In Intervals, Tj)

Fig. 1. Cavity inventory of a material
produced by a series of Pacer
events.

Similarly, in the next interval,

N(t) =

valid over the interval (Tj<t<2T.) and

which reduces to:

NCt) •

and after the nth shot to:

(7)

N(t) (8)

, i- , valid over the interval CJTT<t<CJ+l)T,)
is N . Before the end of the fxrst interval, VJ I u x>'lJ

and prior to the next shot:

N(t) . - A t CO<t<Tj) (4)

which reduces, at the end of this interval,

and just before the next shot, to:

This general series expression is

readily amenable to computer solution by the

iterative techniques described in the Appen-

dix; however, manual calculations are more

conveniently performed with the equivalent

equation, in closed form:

N2(0) CS)
NCt) (8a)



valid over the interval M T <t<(j+l)Tj].

As iy°°, .M(n) - \"(n-i) reduces to the

quasi-steady state value in negation 3,

Pa.:er relationships approach the value for

equilibrium under continuous production

conditions, described by the equilibrium

expression:

and

(3a)

(9)

(10)

1 - e

The amount, Jf , of a particular mate-

rial, i, introduced by each fusion event

will generally be a function of the yield

of the device. In the simplest case, that

for an individual fission product,

where (

species

is the fission fraction for the ith

Y the fission yield of the device

in kilotons (kt), and the constant c has the

approximate value of 1.45 x 10 fissions/

kt. A typical example of this method of

defining N is given in the Appendix.

V. EQUILIBRIUM APPROXIMATIONS

Equation (10) is the analytical solu-

tion for the equilibrium value for the spe-

cies of interest. In fact, this value is

approached asymptotically, and, for real

systems of interest, very slowly. For our

purposes, it has been convenient to define

an arbitrary "equilibrium time" by ter-

minating the series solution at C > 0.99.

This "equilibrium" value is compared with

the analytical solution of Equation (10) as

a check.

For small values of ATj, Equation (10)

approaches as a limit:

N, (eq)
N

XTr (12)

but this approximation applies to long-lived

species and extremely inefficient processing

-- conditions of minimal interest to the

Pacer program. When Tj*0, the incremental

- XN'(eq) = 0 (13)

Tl'is solution is also a trivial one because

it fails to consider the basic incremental

nature of species production in Pacer and

"synthesizes" an average equilibrium value

that differs from the true maximum inventory

possible in the Pacer cavity. The true

equilibrium values will always be .qiven by

Equations (10) and (%}, as illustrated in

Fig. 1.

VI. THE RATE CONSTANT X

In general, the first-crder rate con-

stant, A, of a given species, is the sum of

all first-order processes operating on that

species.

X «Vx n . (14)

In practice, however, we are mainly

interested in two major depletion processes

in Pacer, radioactive decay and the delib-

erate, or incidental, processing of con-

tinuously-circulating working fluid:

where the decay constant,

1
TT

(IS)

(16)

(17)

for removal by some other continuous proc-

ess.

The processing efficiency, ei# for a

continuous flow system is defined for the

for radioactive decay, and

,.-i UA



ith species as the ratio of the rate of

processing removal, Rp, to vhe rate of re-

circulation, tt...

ci =

h
ci

where F is the mass flow rate of them
cavity contents and C the concentration of

species i in the cavity:

7
and C where (20)

Mo is__ the mass of the cavity working fluid

and Tp the processing "turn-around tine":

the tine required to re-fill the cavity at

a flow rate F . Substitution in Equations

(17). (18). and (19) gives:

P Tp

and (21)

(22)

Note that, under these conditions of

rccirctJating flow, the removal of Nj is

inherently a first-order process, regard-

less of the actual mechanism involved,

verifying the assumptions implicit in

Equations (1) ft*. Generally, then

efficiencies greater than 1(U, the radio-

active decay of species with half-lives

greater than a few months does not contrib-

ute significantly to their removal. At the

highest processing efficiencies, e-»100t, and

the radioactive decay of species with half-

lives lonper than a week or so is equally

imimportant. Such high processing effi-

ciencies would not be generally typical of

Pacer because of its characteristically

enormous flow rates, low concentrations, and

huRe volumes, but they miRht be approached

in the simplest of separations, such as the

removal of non-condonsahle gases from the

primary loop.

Conversely, for short-lived radioactive

species, the processing efficiency must

roughly exceed the reciprocal of the half-

life, in days, before removal by processing

becomes dominant. This consideration would

lead the designer to conclude that short-

lived materials and those difficult to proc-

ess would best be left alone, unless their

partial removal results in some direct

economic benefit.

While the equilibrium values calculated

here, as well as some of the approximate

relationships derived from these equations,

may satisfy some of the Pacer design require-

ments, accurate Pacer inventories, as a func-

tion of time and the number of events arc

best studied by the solution of Equation (8).

Accordingly, we have incorporated this rela-

tionship in the PACE computer program, which

follows immediately. The PACE program is

currently stored in the LASL Central Comput-

er Facility.

(23)

Clearly, short half-lives, short proc-

essing times, and high processing effi-

ciencies will dominate Equation (S) and its

equilibrium variants. For processing times

of the order of one day and processing
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PACT FORTRAN PROCRAM

The PACK program is written in the
FORTRAN' programming language for operation
with the KRON'OS time-sharing s>rstcn. Com-
putations were performed on a I,ASL CUC-f>f>on
computer, with access via a Texas Instruments
Silent 700 ASR Electronic Data Terminal.

Most of PACF. is concernet! with input/
output, including interactive »auscs, and
with a print-plot subroutine (PPI.OT1 for
graphic display of the computed results.
The actual computation loop involves only
the addition of the number of atoms of the
particular species generated per cycle to
that previously present, and the subsequent
decay in the number of atoms over the time
span of one cycle.

The program listed in Tablu A-l is con-
structed in several sections:

1. An instruction section specifies
bou to enter new input data;

'. An initialization section derives
certain quantities from the input
data for future use:

.̂ An interactive section allows a
printout of the starting variable
values ani! the specification of the
operation mode fi.e., all cycles or
selected cycles ("or printout);

•t. A computation section; and
r<. V print-plot subroutine.
The input data required prior to execu-

tion of the program are given in Table A-2.
These data are part of the FORTRAN program
and must be present in the FORTRAN program
file prior to issuance of the "RUN"1 command.
Data derived from the input data prior to the
sequential computation are given in Table
A-S.

TABU! A-l

PACH FORTRAN LISTING
I.AS1. Identification

No. LP-0572
•••0100 PPOGPAM PftCEtlMPUT.OUTPUT*
001 10 MMEfi^lON XXX<100>.VYY'100<
fiiiISO MriEMClOti ZZZOCO' .TIT 'S*
00122»
o0124» L. GPlTZOt LfttL C-PUUP TIi-?t

:EC«JENTIAL COMPUTATION FOP PACEP LTV/EMOPF

***** V E P : I O M 2 • • • • • •

I.I('I JO FPINT.»
• i(i 14"i FPIMT 100
0f.H4i- F'PIMTt*
00144 FPIMT 100
00150 FPIMT.» • • • • IrfftNT UKTPUCTIONs* V=VESt M*MD • • • • •
00140 fEFtl'.IT
OOirO IF" '1T.HE. 1HY.> 50 TD A*
001T5 PPIMT 100

TD CHflMlJE THE VftLOE OF ft VfHPIftftE FF-Qn JT^*
VALUE* TYPE 1M ONE OP MOPE OF THE FOLLOWn*i •

001*0 PPINT.* 1M
i».U?0 PPSMT.*
• K.I200 FPINT 100
00210 PPIMT.»

FPIMT»

00£50
00260 PPIMT.«
00270 PPIMT«»
00c'?: 0 F-PINT«»

J50 Y * ' MEW VALUE
3*0 FF*
370 THALF*
5S0 EPS I *
3<"0 FLQM=
400 EI1ZEPO=
410 BI6T=
420 HIMT»
4 30 CONV=



TABU. A-l ( c o n t )

•.<•:•:••(• o P P I N T 100
(••i :11: PPINT.• THEM TYPE "PUN" . •
• id •:£!.< PPINT 1 00
IIM :•?(• : I D &

0'.i?40 44 CONTINUE
111) V*.l.l Y=0» i1

nity.r.l} FF-O. 0

in.";•:••:• T H * L F = O . o
005§0 EP'1*0 . (I
•Hi?*'! FLGli'=t. 0E6
004*0 EMrEFO=l. HEfe
n.i4J i> I :H- t=] . (•

it04 :•:•:> C Q N V = O . •="•=•
•H1440 C T E C T = l . E 1 0
I I I .4«.I:I PPJNT 100

Oi.'47(> f.
•>i:>4>:0 t p j M T . « • • • • IMPtiT HftME OF C
0('4«>Ci P E f t l i . T I T - 1 •
•<<if.(i<i PPJNT 100
MOT-1 0 ENrE

<DM:TP=EP* :

V<«545 EffEr^ENrEPD-- ' 1 . -EXP ' -CON;• I: JiJT> >
00550 PP1NT.* • • • • MftNT OUTPUT OF tTftPTlNG VflLOES* V=YES» H=N0 + • • • *

T
(•0570 IF«IT.ME.1MY> <3O TO
••05SO PPINT l(<0
fi05?0 PPINT 107
i'OfC'0 107 FOPW!tT'£'0:-:.»lMPU
00*10 PPIHT l( '*»YfFF
«0i.£0 U'& FOPKftT'l>:.»YIELI' =»tF7. :<.« ^T». 10X . *F . F. =» ,
00>?0 FPINT !(•«•. THALF.EPS 1
m:i^40 Jt'C- FOPMftT'l>:t»T 1 '£ =*»1PE13.5 .» I ' f lYt*. 10X**£FF.
00i-50 PPINT 110>FLOkitElirEPO
00**0 n o

00*70 PPINT H J . I i S T
•IM^SO 111 F0FMMT'lX.»imEPVftL TIME =
00-:*0 PPINT U i . K l N T
00700 Hi F0H1ftT'l>;.«MflK. HO. OF CYCLES = •> I 6
00710 FPINT 1Ji-COMV
<:i07£0 I IS FOPnistT'iy.»»CQNVEP<S£NCE CPITEPION • •
OOriJO PPINT 100
00740 FPINT 114
00750 114 FDPriMTr20>:.»IiEPIVEIl OUnNTITIES**
O(.i7cO FPINT 100
«<C;'O FPINT 115. CONiTIi
007$0 115 FOFntiT'iy..»LI:iliI:r'fi I" =*<1PE14.6»* PEP
007S£ PRINT 12Si CON^TP
007J4 1£8 FOR«ftT'l>;t«LHlil!llft f> = • • I P E M . e - . * PEP
007S* FPINT 1£?» CONS
'•ors* 1£? FOPMhT<lX.*TDTfiL Lnri£DH °*<1PE14.*«« PEP
00*10 PPINT 117. ENZEPO

117 FOPI1AT<lX>»ENZEPa • • .1PE1£.4>

00SS4 PPIHT 13£fTRUP
OOSi* 132 FOPMftT<lX.«PtOC. TUPNOVEP TIME =«.F10.4>»
00*SO PPINT 1£7. ENEO
005-:5 1£7 FaPM(HT<lX.»THEOPETICftl. EOUIL. =•> 1PE1«.6>
OOiSS PPINT 100
00340 £7 CONTINUE
00*50 PPINT.* • + • • WftNT SPECIFIC XTERflTIOMS OP ffl-L ITEf!.«tTIONS?»
00**0 PPINT.* :« iPECIFIC. ft*flLL ++++•
00S70 PEftli. ITEP
00330 1F<1TEP.EO.1HA> GO TO S8



TABU; A-I

003*0 PP.IMT-* INPUT ITEP.fiTlOM MUMEP I£SIPEIi.»
00900 FEftlitlTDQ
00*10 £S CONTINUE
'.ni-iO PP1NT 104
UÛ SCi 104 FdPMftT <'-'i4X«»CYCLE**9>.«»Ml»i 15Xt»M£»t 13» •<:!.*• IE'•>
ij o?4 o i< i M=EKP • ->: OM: • E 16T >
oo*5o M : T = I
00?vO HOT=NINT
00'?70 * (1T = O
I.IC'-?-?0 Et«F=O. 0
10**0 4=- CDHTIMUE

01 0 1 0 t MT=KMT + 1
Olfii-d 1CT = O
ill 020 ENL=ENP+ENrEPO
0104 0 EHF=ENL»PIM
i'1050 IF-KNT.GT. 100> £0 TD
01060 r?r-l-NT.=ENL
oi or (i x>:>:tfMT-=i>MT
01050 YYY'KNT • =EMF
01 0?0 ?••:. CONTINUE

01100 riELTft=P=tBt •EN
iil lcO IFf 'I<ELTFi.i5E.C0MV> .ftND. <KMT.ME. 1) • KT = 1
01120 l r - I C T . E C 1 > CD TD ££
0114f' CTE£T=EMP
011^0 IF<ITEP.EO.1HS> 60 TO 31
01160 PPI NT 1 05»KMT t Etf I. f EMP»ICCRY
•U170 105 F0PI1flTf2X. I5.-3X.3MPE14.5.3X>»
01150 C-0 TO £0
011*0 31 IF<KNT.EO. 1TMD> PP1MT 105.1-HT.EMLiEMPiI'ECflY
011?l I'1FF=ENL-E«P
0 U ? S IFtKNT.EG. ITMO> PRIMT 141,D1FF,IiELTfi
Oil?!-! 141 FaPMftT<I0Xi»Nl-HE=».lPS15.r.5X.»nELTft=».0PFe.6>
01 £00 IF-KMT.HE.1TMO> "3Q TO 33
01210 PRINT 100
01££0 PPINT.•SELECT ftNOTHEP ITEPftTJOM MO.•
01220 PEftPrlTMO
01540 IFUTMO.EQ. 0> iTDP
01250 MiT=K.NT
01 i«0 MOT»ITNQ
01 £70 i?D TD 33
01 £80 £0 IFWNT.LT.NOT) GO TD 33
0 l £ ? 0 £2 CONTINUE
(•1300 PPIMT 100
01310 IFaCT.ME. l ) 6D TO 24
013£0 PPIMT 106
01330 lOt PDPHRTflH 5<lH+>.» CDMVEP6EMCE CPITEPIDH MET
01355 I>1FF=EHL-EHP
01340 FPIMT 11S.KNT.ENL.ENP
01350 I I S FORMfiT<lX.»CYCLE * •»I5»5X>»M1 » • . l P E l £ . 4 t 6 X » * M £ - • • £ ! £ . 4 '

352 P£$
013&0 PPIMT 100
013*2 PPIMT 141,DIFF,I'ELTft
013*4 PPIMT 147.PESIH

147 FOPMflTtr, 1 OK.•PESIHUflL ftCTIVITY =*»1PE1£.4 . * CUPIES*)
E»EC<C(:1=EHL/'CDMV

01 36* FPIMT 163
0136? 163 FOPMFiT<'.»COMVE*GEMCE CHECK**')
01370 PPIMT 164»EME0
01371 164 FOPMaT<10X.»THEO. EO. MUMBEP =»>1PE13.5»
0137£ FPIMT 165.EMEOCR
01375 165 FDPnflT<lOX»*CfiLC. EO. NUMUEP =•• 1PE13.5;>
01374 PPIMT 100
01375 PPIMTt* +++• UflMT H PLDT? Y=YES» M=ND.*
013S0 PE(=fI'»IP
013^0 IF'IP.ME.IHYJ STOP
01400 CFILL PPLOT(XXX.YYY.ZZZtKMTfTIT)
.11410 STOP
01420 £4 CONTIMIJE



TABU A- l ( c o n t )

F-PIWT 1 00
FHNT..1MPI.1T NUMfcEP DP *!•!• 1 T IONHL iNTEPVftL; I'ECIFEI"

01450 PP-IMT.. -EMTEP 0 FOP :TOP-> •
"I 4t.il FErtl'-ftMliI'
01470 IF'HftMi.EO. 0' itDF
I I | 4 5 ( I H : T = M O T * I
ii\4'-'f.i HC'T=f*L'
l'l50(« GO TO
01510 EMI"

J 5iO •tUtFOU r I ME FFt-OT <X. Yt Z, l i . TI T •
an >:«l>»Y<l>tYF"«.2.>iVCfiL'*2>

01550 DIliENSlDti T I T U
IH5--.0 IF-H.iVr.HiO- M=100
H1570 FF-IMT 100
H15S:0 100 FQrnftT<--»»'vUI:POOTiriE F-F-LDT CFlLLEI-»t
0 1 W FP1MT 14c-

Mir FQK1PT«'-'-.33Xt*flCCUm.H.flTIDN C'UPVE*>

HD 10 Ix i ,M
<<Xi'.O XMftv"ftHftXl '.XUHXIX• 1 >>
Ole-70 YMFiy«i:IMAXl<YMflX.Y'.l>.2<I>>

tMi iMtX 1
10 YMlrisAMini 'VfilWt Y ' l ̂  .2<1 >

. o . 0<

os rod Y
d i n 0 ::
01720 EH=anftXO'M.100)
01730 XIMT*'Xt1ftX-XIUH>.'EN
01740 YIMl*'YMflX-1HIM> ̂ 50.0
01750 J- l
017*0 I'D 40 1 = 1 iM
01770 40

01790 YSV»Y<1>
01300 2SV*Z<-1>

X'1)=X<J>

01830
01S40
01S50
01860
01870
01880
01890
01900
01910
01920
01930
01940
01950
01960
01970
(H930
01990

Z <1 > SZ < J •
X O ' - X S V
Y<J'«YSV
2<J»*2EV
4 5 KT»t>
I<D 50 ! = £ i N
I F < X < I > . 6 E . X ( I - 1 > > GD TO 49
Y.Z\!=Y,i\-\>
YSV»Y<I-1>
SSV»2<I-1>
X<i-1^ *X<I>
Y<I-1>*Y^I>
2<I-1>*Z<I>
X(1>«XSV
Y<I>-Y2V
2<j>»2SV
KT-1

0£000 49 CONTINUE
0£010 50 CONTINUE
02050 1F<KT.«E.(D GD TD 45
03030 HO 60 1-1,51



TABLE A-l fcont)

02040 60 YP<1>=1H+
02050 BO 61 1=1.51.5
02060 61 YP<I>=1HI
02070 PRINT 140. TIT<1>
02072 140 FORMfiTO'-'.10X.*DRI>INRTE: NUMBER OF RTDMS DF •»
02073+ftlO.* PRESENT•>
02074 PRINT 143
02076 143 FORMBT<10X.»HBCISSfl! CYCLE NUMBER*. " >
02090 PRINT 150. YMIN.YflVE.YHRK
02100 150 FDRI1HT<1OX.IPE1O.3.15X.E1O.3»15X.E1O.3>
0E110 PRINT 110.XMIN. <YP<I>.I*1»51>
02120 110 FDRMflT O-.SX. 1PE10.3.4X»51fll>
02130 NN=EN
05140 NN2=EN'2.0
02150 »D 62 1=1.51
02160 62 YCF»L<I>=YMlN*FLOfiT<I-n*YINT
02170 HO 75 1=1.NN
02180 DO 64 L=1.51
02190 64 YP<L)=1H
02200 YP<1>=1H.
02510 k'TEST=M0IKI»5>
02520 IF<KTEST.Ee. 0> YPa>=lH-
02230
02240
02S50 VO 70 J=l .»
f<££55 IF<<X(J).LE.XBN>.OP. <X<J>.6T.XUP>> 6D TD 69
02260 DO 68 K=£.5l
02265 Y»M=YCftL<K-l>
02£7C VUP=YCflL<K>
02S75 P01=0
02230 PP2=0
02285 IF<CY<J>.6E.YBN) .flNB. <Y<J>.LT.YUP>> PC(1=1
02£90 IF<<Z<J>.GE.VDN).flND.^<J>.LT.YUP>> PO£*1
02300 IFCPG1.EG.1) YP<K>=1H*
02302 IF<Pl?2.EC'. 1> YPOO»1H»
02304 IF<<POl.EO.l>.ftNIl. <PC2.EO.1>> YP<K>«1HP
02310 68 CONTINUE
02320 69 CONTINUE
02330 70 CONTINUE
02340 1F<I.NE.NN2> GO TO 85
02350 PRINT 170»XflVE«<YP<L>»L»1.51>
02360 170 FORHHTUX. lPE10.3.4X.51fll>
02370 GD TD 74
02380 85 1F<I.NE.NN> GQ TO 73
02390 PRINT 16O.XMflX.<YPa>.L»1.51)
02400 160 FDRMftT<lX.1PE10.3.4X.51R1)
02410 60 TO 74
024S0 73 CONTINUE
02430 PRINT 120. <YP<L> .L-1 .51>
02440 130 FDRMftTa5X.51Fll)
02450 74 CONTINUE
02460 75 CONTINUE
02470 DO 88 1*1.51
02480 YP(1>*1H+
02490 88 IF<NDI»<I»5>.Ee. 1> YP<I>*1HI
(•£500 PRINT 175. <YP<L>.L*1,51>
02510 175 FDRHI=)T<16X.51ftl>
02530 PRINT 130
02530 130 FDRnflT<//'.•EXECUTION DF PPLOT COMPLETE*.
02540 RETURN
02550 END
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Symbol

Y

f

e

Mo

TI

n

TABLE A-2
INPUT VARIABLES

FORTRAN
Variable
Name

Y

FF

TI1ALF

EPSI

FLOW

EMZERO

BIGT

NINT

Explanation

Yield of source
device (kt)

l-'ractional fission
yield of isotope

Half-life of isotope
(days)
Processing effi-
ciency

Processing flow rate
(tons/day)

Cavity fluid mass
(tons)

Source reloading
time (days)

Number of cycles
desired in "print
all" mode before
Pause occurs
(usually 100)

Symbol

AD

Ap

X

No

TP

N(eq)

TABLE A-3

DLRIV1.U QUANTITIES

FORTRAN
Variable
Name

CONSTU

CONSTP

CONS

ENZERO

TAUP

ENEQ

Explanation

Decay constant (per
day)

Decay-equivalent of
processing rate, AP
* eF/MQ (per day)

Total effective
decay constant, X1

AJJ + Ap (per day)

Number of atoms add
ed per cycle, N =
1.45 x 10 2 3 fY °

Processing turnover

*da es) T p * M ° / F M

Theoretical equilib
rium no. of atoms,

CONV Convergence crite-
rion (see text,
usually 0.99-0.999)

For the purpose of illustration, an

arbitrary test problem is included here for

which the assumed input data are:

Y » 5 kt

f • 0.065

3000 days

0.1

10

10

1

10

tons/day

6 tons

day

n

C - 0.99

The species name is FAKE-303. Output

listings are given in Tables A-4 and A-5.

Table A-4 contains the output for the case

where instructions, specific iterations,

and a plot are requested. Table A-5

contains the output for the case where only

a printout of each iteration (leading to

convergence) is requested. In both tables,

the items underlined are those supplied by

the user.

The central processer (CP) time used

by PACE is minimal; the examples of Tables

A-4 and A-5 used less than 3.5 seconds

total, including two compilations and assem-

blies. Fairly long sessions, with many

executions of the program, may consume half

a minute of CP time.

11



TABLE A-4

OUTPUT OF PACK
Case 1

' •Ef l f tY.

PI.IH

PPOGPfiM JRC*

LEPUEMTIflL CDnPOTflTIDM FOP PftCEF IMVENTOPV

+++•+ VEPtlQN 2 +++++

++++ WANT IMSTPUCTIONC* Y=YES. H=HD ++•+

IN ORBEP TD CHftNSE THE VALUE DF ft VARIABLE FPOI1 ITS
VALUE* TYPE IN ONE DP NOPE OF THE FOLLOWING:

5f,0 Y=« MEW VALUE '
3̂.(1 FF=

390 FLDW=
400 EMZEPO=
•410 KI6T*
420 NINT=
4 30 CDHV=

THEN TYPE "RUN".

STOP

CP l.felS SECS.

PUN COMPLETE.

•jj.fl CCafl.

7ti THfiLF»:30P0. 0

4 00 EH2EPg*»
410 BI6T-1.0
4g0 HIHTIO
4 3(1 CDMV»Cl.9?
O'JH

7?'05'05. 15.OS.J3.
PPDSPftM JflCK

SEOUENTIflL CDMPOTflTIDH FDP PBCER IMVEMTDRY

+++++ VERSION £ +++++

++++ WflNT INSTRUCTIONS? Y=YES. N=MD ++++

++++ INPUT NflME OF SPECIES. ++++
' FftKE-303

++++ UflNT OUTPUT OF STHRTIN6 VflLUES? Y=YES» N=ND ++++

12



TABU: A-4

OUTPUT OF PACE
Case 1 (cont)

INPUT PAFAMETEPS
.'IELD = 5.00(1 KT F. F. = .06500
T J'£ » 3.O0000E+03 DAY: EFF. = . 10000
FLOW * 1.00000E+06 TONS'DAY EM2EPO = 1.00000E+06 TONS
INTERVAL TIME » 1.0000 DAYt
MAX. MO. OF CYCLES = 10
CONVERGENCE CRITERION * .990000

DERIVED PUANTIT1ES

LAMBDA B = 2.310000E-04 PEP HftY
LAMBDA P = 1.000000S-01 PEP DAY
TOTAL LAMBDA • 1.00£31C«E-01 PEP DAY
ENZERD x 4.?l£5E+££
PPOC. TURNOVER TIME - 1.0000 DAYS
THEORETICAL EOUIL. * 4.941S00E+a3

++++ WANT SPECIFIC ITERATIONS OR ALL ITERATIONS?
S«SPECIFICt AxftLL ••+•

IH*PT"T ITERATION NUMBER DESIRED.

CYCLE Nl H£ CURIES
1 4.?l£50E+££ 4.£630i£E+££ 3.0S04SE+03

Nl-Hcr* 4.4943855E+21 DELTA* .095372

:ELECT ANOTHER ITERATION ND.

"^ 7 2.49144E+23 £.£538£E+£S 1.62861E+04
Nl-N£* £.3761££7E+££ DELTA- .70421?

:ELECT ANDTHER ITERATION NO.

30 4.69689E+23 4.£48?4E+£3 3.07027E+04
Hl-N£« 4.4794987E+22 DELTA- .95055?

SELECT ANDTHEP ITERATION NO.

+++++ CONVERGENCE CRITERION MET *****

CYCLE - 46 Nl « 4.8921E+23 N£ • 4.4£55E+£3

Nl-N£- 4.6656314E*££ DELTA" .990054

RESIDUAL ACTIVITY « 3.1979E+04 CURIES

CONVERGENCE CHECK
THEO. EG. NUMBER - 4.941£0E+£3
CALC. EG. NUMBER - 4.94147E+23

++++ WANT A PLOT? Y«YESt N»MO.
t ^

SUBROUTINE PPLOT CALLED

13



TABLE A-4

OUTPUT OF PACH
Case 1 (corn)

fiCCUMVLftTION CUFVE

OPBINftTE: MUMBEP OF ftTDMi OF F f i K E - 3 0 3 PRESENT
s CYCLE MUMPER

0.

0.

P

- + •

+ •

+ •

+ •

+ •

+ *

+ •

(Plot Terminated)
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TABLF. A-5

OUTPUT OF PACI-:
Case 2

75'05'05. 15.15.47.
PPDGPfiM JfiCK

SEOTJEWTIflL CDMPUTftTIOM FOP FftCEP INVENTORY

+++++ ^yEPtIDM S + + • • •

+ + • + WfiMT INSTRUCTIONS? Y=u'ESi H=NO ++++

++++ INPUT NHME OF SPECIES. •++•
FfiKE-303

++++ WflNT

++++ MflNT

DUTPUT OF STfiRTINS VflLUES? Y=YESi

SPECIFIC ITERATIONS OP FILL ITEPfiTI
S=SPECIFIC. Fi=fiLL +++•

~'JL

CYCLE
1
£
3
4
5
6
7
8
9

10

Nl
4.71£50E+££
S.97556E+££
1.£83£0E+£3
l."i3£C"7E+£3
1.94767E+£3
£.S3317E+£3
£.49144E+£3
£.7£507E+£3
£.93643E+£3
3.l£763E+£3

N£
4.£630i'E+££
8.11955E+££
1.1608£E+£3
1.4764£E+£3
1.7fel9£E+£3
£.0£019E+£3
£.£538£E+£3
£.4651SE+£3
£.65638E+£3
£.8£934E+£3

IMPUT NUMBER DF RDIiITIONRL INTERVALS BESIREIi
<ENTER 0

•> £0
11
1£
13
14
15
16
17
18
19
£0
SI
££
S3
£4
£ 5
£6
£7
£8
£ 9
30

i FDR STDP>

3.30059E+£3
3.45706E+23
3.59360E+£3
3.7£665E+23
3.84£48E+£3
3.947£7E+£3
4.04£06E+£3
4.1£781E+33
4.S0539E+£3
4.£7556E+S3
4.33905E+E3
4.39647E+23
4.44843E+33
4.4954£E+£3
4.53794E+E3
4.57640E+£3
4.61U9E+23
4,&4£66E+£3
4.67113E+23
4.69689E+23

£.98581E+£3
3.1£735E+£3
3.£5540E+£3
3.371£3E+£3
3.47602E+£3
3.57081E+£3
3.65&56E+Z3
3.73414E+£3
3.8C>431E+£3
3.86780E+S3
3.9£5££E+£3
3.97718E+23
4.02417E+£3
4.06669E+S3
4.1051SE+S3
4.13994E*£3
4.17141E*£3
4.199S8E+23
4.££S64E+£3
4.£4S?4E+23

N=N0 ++++

CURIES
3. 0SO48E+03
5.86717E+03
8.38803E+03
1.G6686E+04
1.27316E+04
1.45978E+04
1>6£861E+D4
1.73133E+04
1.91949E+04
£.0444SE+O4

£.15754E+04
S.£S98£E+04
£.35£34E+C-4
£.436CI4E+04
£.51176E+04
£.530£6E+04
£.64£££E+04
£.<&98£8E+04
S.74899E+0',
£.79486E+04
£.83636E+04
£.srj*0E+04
S.90786E+04
£.93S58E+04
£.96637E*04

3!bl4£5E+04
3.03483E+04
3. 05344E4-04
3. 07027E+H4
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TABLE A - 5

OUTPUT or PAcn
Case 2 (cont)

IHPUT NUMBER OF fir'DITIOMRL INTEPVftLS
<ENTEP 0 FOP STDP>

31
3£
3 3
34
35
36
37
38
39
4 0
41
42
4 3
4 4
45

4.7S019E+S3
4.741£?£+£3
4.76.034E+23
4.77759E+23
4.79319E+&3
4.30731E+£3
4.S200SE+23
4.83I63E+23
4.84£08E+£3
4.S5153E+83
4.S&00SE+83
4.8678£E+£3
4.8748£E+£3
4.3311SE+83
4.88688E+£3

4•£700£E+£3
4.£S909E+£3
4.30634E+£3
4.3£194E+£3
4. 3?6C'6E+£3
4.S4883E*£3
4.36038E+23
4.370S3E+£3
4.380£8E*£3
4.38883E+£3
4.3'5|is57E+£3
4.40357E+£3
4.409?0E+£3
4.41563E+23
4.4£081E+£3

3.08551E+04
3. 0=>9£8E+04
3.11175E+04
3. l£30£E+04
3.1332SE+04
3.14245E+04
3.15080E+04
3.15S35E+04
3.1651SE+04
3.17136E+H4
3.17695E+04
"£. 18201E+04
3.1S658E+04
3.19072E+04
3.1?446E+O4

+++++ C0NVEP6EMCE CftlTEPIDM MET •++•+

CYCLE - 46 Mi = 4.S9£lE+£3 N£ = 4.4255E+83

tU-Ng- 4.66563l4E+££ ICLTfi* .990054

PESIDURL ACTIVITY * 3.1979E+04 CURIES
CONVERGENCE CHECK

THEO. EO. MUI1BEP.
CftLC. EO. MUMBEP,

4.941£0E+23
4.94147E+S3

++++ UflNT fl PLOT?

"*STDP

Y*YESt

CP 1.839 ^

RUN COMPLETE.
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