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PACER PROCESSING:

CAVITY INVENTORY RELATIOLSHIPS

by

R. J, Dietz and L. A. Gritzo

ABSTRACT

The Pacer cavity and its associated primary power
loop comprise a recirculating system in wh:i:ch 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
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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 condznsable 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

(2



commitment to existing technolegy 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 800°K
and 200 atmospheres pressure.

IT. 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

_ stant A

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
Facer cvents as they are simultancously
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
theéy are developed. This treatment has
already been programmed for routine compu-
ter calculation in a manner described in
the Appendix to this report.

PACER 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, TI'
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,
Mo. 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, €.

At the beginning of each shot interval
of duration TI’ No of new material is intro-
duced (instantaneously), and the subsequent
rate of removal is:

(ﬂﬂ) = -AN (1)
dt

III.

where the total first-order removal con-
stant, A, is the sum of the first-order
decay constant AD and the process’ i, con-

P.
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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.

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, No' 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:

IV,

lim C=1 .

Nl(n) - Nz(n) = CNo o

(3)
C is the convergence factor: a measure of
the extent to which Nl(n) approximates the
equilibrium value.

The amouat of material introduced by
the initial shot, and every subsequent shot,
is No. Before the end of the first interval,
Ty» and prior to the next shot:

=it

N(t) = Nge (0<t<T;) 4
which reduces, at the end of this interval,
and just before the next shot, to:
(t=T;) .

N,(0) = Noe *T1 (5)

N(t) = Ne

1 T T Ll T LI T T ¥ AL L L) ] ]
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" 0
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\
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; N.(z)J\ N N.(n)l-N,(n)-Ng
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= \N,(!)
FH ™
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- NN s Ny 7% Generally:
‘~..‘ Ny(n)~Ngln-1} sty
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Fig. 1. Cavity inventory of a material
produced by a series of Pacer
events.

Similarly, in the next interval,

N(t) = (NZ(O) + N ) e-A(t-TI) (6)

o

valid over the interval (TI<t<2TI) and

which reduces to:

N(t) = Ne 't (1 . e‘TI) , (7

and after the nth shot to:

n=j
- -t 2 S nT
N(t) Noe e I, (8)

n=o
valid over the interval (jTI<t<(j+1)TI).

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:

atfr-e (3*+1)2Ty
1-e”°1

(8a)



valid over the interval (jTI<t<(j*1)TI).

As nro, N(n)
quasi-steady state value in Equation 3,

-~ N(n-1) reduces to the

Ny (ea) - Ny(eq) = N, (3a)

N, (eq) - N,(eq)e 71 = N and (9

1 e | [¢) ’
NO

Nea) = —Smr (10)
1 -e

The amount, No. 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,

N . = cfiY, (11)

ol
where fi is the fission fraction for the ith
species, Y the fission yield of the device
in kilotons (kt)}, and the cons%gnt ¢ 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 2 0.99.
This "equilibrium" value is compared with
the analytical solution of Equation (10) as
a check.

For small values of ATI, Equation (10)
approaches as a limit:

NO

Nl(eq) b ”‘[ »

12)

but this approximation applies to long-lived
species and extremely inefficient processing
-- conditions of minimal interest to the
Pacer program. Wken Tr*o, the incremental

Pacer relationships approach the value for
equilibrium under coatinuous production
conditions, described by the equilibrium

expression:

dN(eq)

t

N
(13)
I

.T&_- AN(eq) = 0 .

This 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 given by
Equations (10) and (3}, as illustrated in
Fig. 1.

VI. THE RATE CONSTANT A

In general, the first-zrder rate con-
stant, A, of a given species, is the sum of
all first-order processes operating on that

species.
A :ZXP .
P

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:

(14}

A = AD . AP . teevees (15)
where the decay constant,
1 dN
Ap = - e = 1n 2 (16)
oo (B,
for radioactive decay, and
1 (dN
¢ Il (a?)l, an

for removal by some other continuous proc-
ess,
The processing efficiency, €59 for a

. continuous flow system is defined for the



ith species as the ratio of the rate of
processing removal, RP' to the rate of re-
CirCulation- Rl:v

t'1 ) RF T (18)
i
dN,
<%_3\ = F *C, (19}
t’F m i

where Fr is the mass flow rate of the
cavity contents and Ci the concentration of
species i in the cavity:

M N

S ) e b -
rm T; , and Li ﬂ: , where (20)

5% is the mass of the cavity working fluid
and Tp the processing "turn-around time":
the time required to re-fill the cavity at

a flow rate F . Substitution in Fquations

(17), (18), and (19) gives:
dN. e. N,
2 = - At . N ++..and 21)
(a-‘—)v P PTi (
[
o (22)

Note that, under these conditions of
recirculating flow, the removal of Ni is
inherently a first-order process, regard-
less of the actual mechanism involved,
verifying the assumptions implicit in
Lquations (1) ff. Generally, then

A, = A, + A, =1n 2, ¢i

ST e (23

Clearly, short half-lives, short proc-
essing times, and high processing effi-
ciencies will dominate Equation (B) and its
equilibrium variants. For processing times
of the order of one day and processing

efficiencies greater than 10%, 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»100%, and
the radioactive decay of species with half-
lives ionger than a week or so is equally
vanimportant. Such high processing effi-
ciencies would not be generally typical of
Pacer because of its characteristically
enormous flow rates, low concentrations, and
huge volumes, but they might be approached
in the simplest of separations, such as the
removal of non-condensable 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-
Jived 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 cquations,
may satisfy some of the Pacer design require-
ments, accurate Pacer inventories, as a func-
tion of time and the number of events are
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.



APPENDIX

PACTE

The PACE program is written in the
FORTRAN programming languapge for operation
with the KRONOS time-sharing system. Com-
putations were p2rformed on a LASL CDC-6600
computer, with aczess via a Texas Instruments
Silent 700 ASR Lle:tronic Data Terminal.

Most of PACE is concerncd with input/
output, including interactive nauses, and
with a print-plot subroutine (PPLOTY for
eraphic display of the computed results.

The actual computation loop involves only
the addition of the number of atoms of the
particular specics gencrated per cycle to
that previously gresent, and the subsequent
decay in the number of atoms over the time
span of onc cycle.

The program listed in Tabl>» A-1 is con-
structed in several sections:

1. An instruction section specifics

how to enter new input data;

TABLE

PACE FORTRAN LISTING

NG00 FROGRAM PACE CIMFUTOUTFUTS
060110 DIMENTION MPMOl o VYY 100
222150 TIT Sy

L. 6F1120.
nugiee
iy 20
afian
LS RS
IO EE)
NS
01D FERADSIT

uETh IF < IT.HE, IHT)
augETS FRINT 100

FPINT.e
FPINT 100
FEINTro
FPINT 100

0 TO 44

LATL GFUUF TD-7.

FPINTre seee LIRNT THITRLCTIONE®

FPRPINTrve [TAMDHPD YALUEs
FFRINT 100

FFRINTso Y=
PFINT.o FF=
FFRINTre THALF=
FEIRT e EFS]l=
FFIMTee FLOW=
FRINTse EMZERD=
PPINTs @ BIGT="
FPINT.o 420 HINT=
FRINT.o 430 CONY=

FORTRAN PROGRAM

2. An initialization section derives
certain quantities from the input
data

T. An interactive section allows a

for future use:

printout of the starting variable

values ant! the specification of the

operation mode (i.e., all cycles or
sclected cycles for printout):

4. A\ computation section; and

5. A print-plot suhreoutine.

The input data required prior to cxecu-

tion of the program are piven in Table A-2.

These data are part of the FORTRAN program

in the FORTRAN program

file prior to issuance of the “RUN" command.

and must be present

Data derived from the input data prior o the
sequential computation are piven in Table
A-3.

A-1

LASL ldentifi{cation
No. LP«(572

CSOSY EET-ERzZe

CECUENTIAL COMPUTATION FOF FACEF 1NVEMTOPre

444 CEFITION & +eeeee

TYEVESe HHzHD +eece

FFINTse IN OFDEF TO CHANGE THE YALUE OF @ “APIAEBLE FFOM 1T%e
TYPE IN OME OF MOFE OF THE FOLLOUWIMG: e

HEYW YALWE se

tes o



a1

nmedin
30
003 s
GNE X1
110835, 41
BDE LR
GudT I
1) 231
Ny Sd

[0 1]
(S35
NOSS0
WSO
DOSH
uiseo

TABLE A-1 (cont)

FEINT G0

i+ FEINTve THEN YWFE “FUN", @
s FEINT 106

J1ge

33 CONTINUE

Ve, &

FF=0, 0

THHLF =0, 0

EFLI=0. O

FLOW=1. (€€

EMTEFD=1. VEE

EIGT=1.0

HINT=10

CONVE0,

CTECT=1.E10

FFINT 100

100 FORMAT (W >

S0 COMTINIE

CEIMTe® +eee IMPUT MNAME OF ZFECIES. ++++e
FEADTIT 1

PFINT 100

ENJERD= 1, 345%EZZ oFFeY
COM_Th=0, g2 THALF

CONCTF=EFS IoFLOW/EMIEFD
CONT=CONMThe DN TP
ENHEC=ENTEFO/ (), -EXP = ONMZeEIGTY)
FEIMTeo +40e WANT OUTPUT OF STRRPTING YALUES?  Y=YES) HNsNO +e++e
FEAD 1T

IFAT.MELIHY) &0 T0 &7

FPINT Q00

FRINT 107

107 FOFMRT 200 INFLT PHFAMETEFS @)

0 FRINT 1030V oFF

108 FOPMAT I s e JELD =0oF7, %o bToslieoF, F, =0F7. %

20 FPINT J0% THALF.EFPT]

DO
weran
0OTI0
[ (e
LT
[Tl (]
[T -]
(] pe-%4
[[lehe-2 ]

WSy
Gne20

10% FOFPMAT (1.0 0T 12 =9y 1FE1Z,. 500 DAVI 0 1 (2 oEFF, =, OPF7. 5
PRINT 110.FLOWVEMCERD
110 FOFMAT 11X, 0FLOW =0+ IFE1Z.%se TONI <[0¥7es 1 (s

1 +oEMIEF] =esEL:,. Bve TONe:»

EEINT 111.EIGT
11) FOFMAT A 1N, o INTEFVAL TIME =esF7.9ve DRTSS)
FRINT $1301INT

112 FOFMRT 1%, oMAX, MO, OF CTCLES = o160
EPINT 113.00HY

113 FORMAT « 1% oL ONVEFGENCE CFITEFION = @2FE,6)
FFINT 100

FRINT 114

114 FOFMHT 207+ o LEFIVED (URNTITIES®)

FPINT 100

FRPINT 115s CONITL

11S FORMAT (1%, st AMEIRA I =e. IFE14.6r0 FEP DRY®)
FRINT 128, CONSTP

122 FORMAT (1%, oLAMEDR F =e+31FEl4.Bre FEF IAY®)

. FRINT 189 CONT
% 120 FOPMAT <1X» ¢ TOTAL LAMEDR e« IFE14,c9e FER DFYer

FRINT 117 ENZEFO

117 FORMAT (IX+0ENZEFO = o5 IFEIZ, 4>
TAUFzEMZIEFD-FLOW

FPINT 3132, TAUP

e 132 FOPMAT (1% oFPROC. TURNBYEPR TINME =e,F10.49¢ IAYSe)

FFINT 127s ENEC
127 FOFMAT 71X o THEOFPETICAL EOUIL. =es IPE14.€)

: PRINT 100

&7 CONTIMUE

FRINTs@ ++es VANT SPECIFIC ITERATIONT OF ALL ITEKATIONS?e
FEINTs e S=IPECIFICY A=ALL ++++e

FERDy 1TEP

1F<1TEF.EC. L1HR> <O TD &&



TABLE A-1 (cont)

QUSS0 FRINT«eINPUT ITERSTION NUMEEFP DEIIFED.e
GOHQO0 FEAD ITHD

00810 S& CONTINUE

ez FRINT 103

una.u 104 FOFMAT (771470l YLLE® s D7 s 0Nl 0 1 T0 s oNZey 1 Trle oL IEJEC®)
DIM=EXNE s -CONIeEIGT

=0 MIT=1

L0 HOT=NINT

P T

EttF=0, 0

ean 32 CONTINLE

apons 23 TONTIMUE

OI010 FHT=ENTH)

a1 aze 1CT=0

1030 ENL=ENF+ENZEFO

011140 EMF=ENLeiIM

1050 IFGNT.GT, 100> 0 TD 32é

g ife T2k NT =ENL

DIOT0 2N NT =k NT

GOS0 VYT FNT cEME

NLOS0 2 CONTINLE

010%S DECAY=CONITReEMP <2, PELOIE00. 024,

011100 DELTA=AES (ENL -ENFP) ~ENJEFD

NY1E0 IFceTELTAR.GE.CON JAHND, sFNT.HE. 12+ 10 T=1
91130 15 3CT.ED, Y GO0 TD &2

1140 CTECT=EMP

01150 IFCITERP.EQR, 1IHS> GO TO 21

0150 FRINT 105 kNTSENLENFY IECAY

LI70 105 FUPPMAT (2% [Se BXe I 1PEL4. 5o 3XD )

a11s0 S0 TO 20

01180 21 IFGNT.EQ. ITNDD FPINT 105,k NTIENLENPs DECAY
01191 DIFF=ENL-ENP

01152 1IFPNT.EQ.ITHOY FRINT 141-DIFFDELTH

01192 141 FOPMAT <10 ¢N1-M2=09 IPE1S. Ty SXe o [IEL TA=®9 UFFE,. 6)
Q1200 IFYENT.NE, 1THOY a0 TO 2=

01210 FRINT 100

01220 FFINT«OZELECT ANDTHEFR 1TERATION HO. e

(1230 FERDy ITND

71240 IF(1THO.EQR. 0> :ITOP

01250 MHIT=ENT

N1 260 NOT=1TND

01270 5D TD 32

Q1230 20 IFENT.LT.NGT) &0 TO 23

V&N 22 CONTINUE

11300 FFINT 100

IFCICT.NE. 1> GO TO 24

FEINT 10¢

10 FOFMAT(IH SCOIHM v o CONVERGENCE CRITEPION MET 6,5 (1H4))
DIFF=ENL-EMF

FRPINT 11€:aNTsENLENP

T 118 FORMAT (1XsoLYCLE = o9 IS SXsoNl = ¢y IFEIZ.496Xs0MZ = ¢ E1Z, 4
s FECIV=CONSTIOENFEZ (2. TE1 (03500, o24,)

FRINT 100

 FRINT 141:DIFFDELTA

PPINT 147.RESID

147 FORPMAT (7 10X oRESTIWAL ACTIVITY =y 1FE1Z,.40¢ CUFIES®)
ENEOL f=ENL/CONY

FRINT 163

152 FORMAT 7y oCONVERGENCE CHECKes /)

FFINT 1€4,EMEQ

163 FOPMAT (1 0%+ oTHEG. EG. HUMEEF =e«1PEL17%, 5>
FFRINT 12SENEDCH

165 FOFMAT QA 0Xs oCALC. EC:. NUMBER =+.1PE13.5)
FPINT 100

01275 FPINTse +4++ WANT A PLOT? Y=vYETy HMH=HO.e
01320 FEAD IP

DIZH0 IF (IP.ME, IHY) STOP

01400 CALL PPLOTOMMXs¥YYYs ZZ22sKNTH» TITY

2M4a10 STOFR

01420 &4 CDNTINUE




TABLE A-1 (cont)

u1S 2z FRINT 100

3440 FFINTs e IMPUT NUMEEF OF ADRITIONAL IMTEPVALD
#1150 FEINTeo ENTER 0 FOF TOP> o

N1 468 FEAIGtHADD

014a>n JFfHARLD EG. 00 2T0OP

330 H42T=M0T+1

13 HOT=HOT «HALED

P1S00 50 TO A

15106 EMD

1930 TUEBFOQUTINE FRLOT (oY e 2o TIT?

01530 DIMEMIION Xe1) s Y 1D YP S22 s YCAL + 527

G1%40 DIMENIION 211>

0IS%0 DIMENTION T1T (D>

%G IF /N BT, 100 M=100

FFINT 100

100 FOFMRAT -3 oSUEFPOUTINE FFLOT CALLEL e >

T FPPINT 132

} 142 FOFMPT (/79 22¥ ¢HCCUMHL AT ION CURVE S
MAME-1,E10

MmNz, nE 0%

TMAL=EMAY

01230 YMINS<KMIN

n1eSe N0 10 1=1sN

(350 YMAX=AMAYL (MANe X 1))

PIET0 YMANTAMAN I (YMAX Y (I3 e 2<I))

NYEEM UMINSAMING M INe N ]

0120 10 YMINSAMIMY CYMINeY (35924100 -

01532 SMIN=AMING CZMIN O, (s

(15%4 YMIN=ANIME CYMIM. 0. (O

03700 YAYE=0, Se (YMRAHTHIN

NITI0 HAVE=0, Te (XMAY.4XMINY

N1o20 EN=AMRAY 0N 100

1720 XINT=EMAY=-ZMIN 7EN

01740 YINT= ¢ PMAX-TMIID #50. 0

0TS0 g=1

c1Pe( O A0 J=1.M

MIP70 30 IFv]) EQ. aMIN =]

0uyPE0 NIVl

WIPR0 YEVEY (1)

w1800 2V gy

0181y Xryy=ro

RIS20 Yy EYon ,

01830 21 =2y

1340 X I =xSY

01550 Y xvYEY

01850 ZC) =28

01270 45 LT=0

03320 PO SO 1=2.N

1820 IFMC) . GE.MI-1))> G0 TD 4%

g1900 YEV=RIiI-1)»

01910 YSY=Y(I-1)

N1P20 ZEW=ZCl-1>

U190 K- =X (1>

a31940 Y<I-tx=y (D>

M9%0 2<q=-1>=22¢I>

01960 X(J)=X8y

019720 YCOr=vYsy

01930 Z<1r»=28Yy

01390 KT=]1

2000 49 COMT INUE

2010 S0 CONTINUE

02020 IFCKKT.NE, 0 60 TD 45

02030 1O 60 I=x=1,51

DECIFERe
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02040
02050
az2es
02070
02078

TABLE A-1 (cont)

60 YPCId=1H+
0 61 1=1+51:5
61 YPC(I>=1H]

PRINT 140 TITCDD
140 FORMAT (~~5 10X» *ORDINATE: NUMBER OF RTOMS OF e

G2 G73+R10+» PRESENT®)

[ /g )
02078
(=g i1=11]
02100
0Z110
oz120
02130
02140
02150
02160
02170
02180
n2190
02200
azz10
w220
022320
02240
02850
NZE5S
02260
02265
0270
02&?%
022830
w22es
022o0
02300
02302
02304
02310
02320
02330
02240
02350
02360
02370
02380
02390
02400
2410
02420
02430
02440
62450
(2460
0z470
02480
02490
2500
sl o
02520
02530
02540
V2SS

PRINT 143 .

143 FORMAT C10X%s #ABCISSA: CYCLE NUMBERes /)
FRINT 150s YMIN: YAYEYMAX

150 FORMAT ¢10Xs 1PE10.3» 15X E10.3» 15X E10.3)
PRINT 1103 XMINs (YPC(I)»1=1s51)

110 FORMAT (/2% 1PEL10. 31 4% 51A1>

NM=EN

HN2=EN/2. 0

D &2 1=1+51

62 YCAL (1Y =YMIN+FLOAT CI-1>sYINT

D 75 1=1shN

DD 64 L=1,51

64 YP<LI=1H

YPC1Y=1H.

KTEST=MDD(I+»5>

IF(KTEST.EQ. D YP (1) =1H-
XIN=XMIN+FLORT C1-1> oXINT

YUP = DN - M INY

g 70 Jt=1sN

IFCRIN JLELXDNY LOR. CX(DD BT XUPY) GD TD 8%
DO 28 KE=&y51

YI=YCAL (F-1>

YUF=YCAL (K

FR1=0

FOZ=0

IF <Y LD SELYINDY LAND. (Y (D LT YUPYY POLI=1
1FC(2¢3 . GE.YDHY JAND. (2<¢J7,.LT.YUPY) PGRE=1
IFPOL.EQ. 1) VPR =1H+

IFCPE2.EC. 1> YP (KD =1He
IFC(PRICEQR. 3D . AND. (POR.EQ. 1)) YPUO=LHF
68 CONTINUE

59 CONTINUE

70 CONTINVE

IFCI.NE.NN2> 50 10 8%

FPRIMT 170 XAVEs (YFPCL)sL=1,51>

170 FORMAT (1Xs 1PE10. 3»4X%»51A1>

GD TO 74

8% IFCd.NE.NN 60 TO 72

FRINT 160:XMAXs CYP LI sL=1+51)

160 FORMAT C1X» 1PE10. 324Xy 51A1)

o0 TO 74

73 CONTINUE

PRINT 1200 <YPCL) sL=1,51>

120 FORMAT (10X+S51A1)

74 CONTINUE

75 CONTINUE

MO S8 I=1s51

YP(1Y=1H+

g8 IFCMORCIYS) EQ. 1> YP<I>)=1H1

PRINT 175 (YPCL)sL=1,51>

175 FORPMAT (1€XS1AL)

PRINT 130

130 FORMAT C(//» «EXECUTION OF PPLOT COMPLETEe®r~~/)
FETURN

END



TABLL A-2
INPUT VARIABLLES

FORTRAN
Variable
Symbol Name Explanation

Y Y Yield of source
device (kt)

f FF Fractional fission
yield of isotope

t, THALF Half-life of isotope

4 (days)

€ EPSI Processing cffi-
ciency

Fy FLOW Processing flow rate
(tons/day)

Mg EMZERO Cavity fluid mass
(tons)

TI BIGT Source reloading
time (days)

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

C CONV Convergence crite-

rion (see text,
usually 0.99-0.999)

TABLE A-3
DERIVED QUANTITIES

FORTRAN
Variable
Symbol Name Explanation

AD CONSTD Decay constant (per
day)

Ap CONSTP Decay-equivalent of
processing rate, AP
= eF/Mo (per day)

A CONS Total effective
decay constant, A=

-t AD + AP (per day)
Ny ENZERO Number of atom; add-
. ed per cygle, =
1.45 x 105% fy °©

TP TAUP Processing turnover
time, TP = Mo/FM
(days)

N(eq) ENEQ Theoretical equilib-
rium no. of atoms,

N
Nj(eq) * ——2p -
1-e

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

t% = 3000 days

e = 0.1

Fy = 10% tons/day
- 6

Mo 10° tons

TI = 1 day

n=1:10

C=0.95

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
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TABLE A-4

OUTPUT OF PACE
Case 1

EOC. 0L he TACE
CERDY.

Fo
—

TSNS 0%, 19, 0%, 23,

FEOGFAM JACE
TENUENTIAL COMPUTATION FOF FACEF IHYENTORY
+4+4d YERTION 2 4444+

o4 WEANT IMITRPUCTIONS®  ¥=YEZe H=NHD ++4+
Ty

1N OFDEF TD CHAMNSE THE YALUE DF A YAPIAELE FRPOM TTC
CTAMDAPD YALUEs TYPE IN OME OF MOFE OF THE FOLLOWING:

Y=o MHEW WALVE
FF= "
THALF= *

x50 EPCIs
=30 FLDW=
400 EMZERD=
46 BIGT=
420 NIMT= "
4z0 COMY= "

THEHN TYFE “RUN",

=TOF

CF 1.638 TECC.
FUN COMPLETE.

260 W=S. N

B bt EC=0,0°0

270 THALF=3000. 0
=2y ERpvl=sy,
TAU CLOWVE],. ES
anl _EMIERD=].EE
y BInT=1.0
MINT=10
CRMW=0, 9%

TE05705. 15.02.13.
FRD5PAM JACK

SEQUENTIAL COMFUTATION FOFP FACER INVENTORY

+4+4+44+ YERCION 2 +44+++
++++ WYANT INSTRUCTIONS? Y=YES» MN=HD ++++
N
++++ INPUT HEME OF SPECIES. ++4+
T FRNE-203

+44+ UANT OUTPUT OF STARTING VALUES? Y=YES» N=ND ++++
X



TABLE A-4

OUTPUT OF PACE
Case 1 (cont)

INFUT FRFAMETEPS

JIELD = 5,000 KT F. F. = . 0aS00

T 172 = Z.00000E+02 DAY EFF. = .30000

FLOW = 1.00000E+0 TOMNS /DAY EMZEPD = 1.00000E+05 TONS
INTEFVAL TIME = 1,0000 DAYS

MAx., HO. OF CYCLES = 10

CONYEPGENCE CRITERION =, 9950000
IERIVEDN GUANTITIES

LAMEDA D = 2.210000E-04 PEF DAY
LAMEDA P = 1.0000005-01 FEFP DAY
TOTAL LAMEDR = 1.00221CE-01 FPEP LAY
ENZEFRD = 4. 7125E+2E

EFDC. TURNDVEP TIME = 1.0000 DAYS
THEORETICAL EQUIL. = 4.941200E+23

++44+ LWANT SPECIFIC 1TERATIONS OF ALL ITERATIONS?
Z=SPECIFIC, FA=ALL ++++

i
THFUT ITERATION NUMEEP DESIRED,
71
CYCLE N1 N CURIES
1 4. 71850 +22 4.26305E+88 3. OF0SSE+0T
N1-H2=  4.494385SE+21 DELTR= . (35372
1ELECT WNDTHER ITERATION MO.
-2 2.49143E+23 2. ES3R2E+ES 1.62861E+04
N1-Ng= 2.3P6128TE+28 DELTA= ,S04217
ZELECT RMOTHEF 1TERATION ND.
o0
= 30 4.CI68IE42T 4, 24294E+23 3. 0P 0Z7E+04
N1-NE= 4, 4794987E+22 DELTA= . 950557
ZELECT ANDTHEF 1TEFATION NO.
+4+++ CONVERGENCE CRITERION MET +++4+
CYCLE = 4¢ Nl =  4.8921E+23 N2 =  4.425SE+23

H1=-N2= 4,.565€314E+22 DELTA= ,990054
RESIDUAL FRCTIVITY = 3,1979E+04 CURIES

CONVERGENCE CHECK

THED. EQ. NUMEBEP = 4,94120E+253
CALC., EG. NUMBER = 4,94147E+23

++++ LANT A PLOT? ¥Y=YESs N=NQO,
T ¥

ZUBKDUTINE PPLOT CALLED



1a

o.

TABLE A-4
OUTPUT OF PACE
Case 1 {cont}

ACCUMULATION CUFCE

DFDIMATE: NUMEEFR OF ATOMS OF FRFKE-303 FFEZENT
ABLISSH: CYCLE HUMEER

»AASE+ 22 4, SHIE423

oy

0.

[+444] 444+ 4444ttt ]40tt] 14044444ttt t] 044 4444]

.

. F

.

- +e

.

. + @

.

. +e

. +e

.

.

. + e

. + e

.

. +

.

- + o

B

. -« o

.

. + o

.

. + .

.

. + o

. + °
.

- + .
.

- + °
.

B + .
.

.

- + .

(Plot Terminated)



L

340

FRDGF

S0,

AM

TZEQUENTIAL COMPUTATION FOP FACEF

TABLE A-S

OUTPUT OF PACE

15.15.47.
JHCK

Case

+++4+ YEPTION

++44 WANT INCTPUCTIONS?

GRS

++4++ INPUT MAME OF
* FRFE-20%

Ea x|

r+++ WANT SPECIFIC ITEPATIONS OF ALL
2=ZPECIFIC,

* R

[y}

INFUT NUMEER OF ADDITIONAL INTERVYALS DESIRED

o-oooucw.n:.-,.\m_{-c,
-
m

-

N1
4. 712S0E+E2
» ITESEE+RE
SSBI20E+23
E3207E+23
< FI7ETES23
2. 23317E+23
2.49194E4+83
2.72S07E+23
2. 92543E+423
2. 13VETE+ER

1} b e s ()

i

(ENTER 0 FOR STOP>

20

11

12
13
14

15
16
1?2
12
19
20
21

2e
a3
24
25
25
av
a8
a9
30

3.30090E+23
3.4S703E+23
3.59260E+423
3. 72665E+23
3.24248E+23
3.94727E+23
4, 04205E+22
4.12781E+23
4,20939E+22
4,27506E+23
4,33905E+23
4.29647E+3
4.44843E+23
4, 49542E+23
4.53794E+23
4.57640E+23
4,.61119E+22
4,54266E+23
4.67113E+22
4.69689E+22

v=
SPECIES.
++44 WANT DUTPUT OF STARTING YALUES?

ASALL +++4+

-

-

S+t

E%y M=NO ++++

44

INVENTOPY

Y=YETy N=ND +4++
ITEFATIONS?

H2 CURIES
4,2630E+2E 3. 0204SE+03
8.11955E+22 5.86717E+0%
1. 1€ 0B2E+EZ 8.32802E+03
1.4784CE+22 1. (5ER6E+(4

1. 7E192E+2%
&.0201JE+23
2.285332E+23
2.45518E+E3
2.6552TE+23
2.282929E+23

2.985C1E+23
3.12735E+23
3.25540E+23
3.37123E+23
3.47602E+23
3.57021E+23
3. 6SE06E+23
3.73414E+23
3.80431E+22
3.86780E+23
3.92582E+2%
3.97718E+23
4. 02417E+23
4. 05569E+23
4.10515E+23
4. 13924E+23
4.17141E+23
4, 19932E+23
4,22054E+23
4. 24524E+23

1.27316E+04
1.45970E+04
1,588E1E+04
1.78133E+04
1.91943E+04
2. (444CE+04

2. 15754E+04
2.25982E+ (4
2.35234E+04
2.43504E+04
2.51176E+04
2.52026E+04
2. 64222E+ 04
2. E9828E+ 04
2.74899E+04
2. 79486E+04
2.83636E+04
2. B IVOE+ D4
2. 90786E+04
2.9%358E+04
2. 95637E+04
2.9%151E+04
3. 01425€+04
3. 03453E+04
3. 05344E+04
3. 07027E+0s

15
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TABLE A-S

OUTPUT OF PACHE
Case 2 (cont)

INFUT HUMBEFR DOF RIDITIONAL INTEPVALS DESIFED

¢ENTEP © FOP STYOPD

P20
3 : 4 TEO19E+2% TOUSE+EZ F. OHSSIE+ 04
3 TA1E7E+E2 hd90*5+2° 3. U9I22E+04

2 4.?6034E+23 4.#0@34E+E? 2. 11173E+04

x4 4,7775E+23 4. 32124E423 Z.1220ZE+ (04

2% 3. PYRIFE+R3 3, 225 02E+23 B IRTSIE+ (4

e 3. 307 31E+&3 3. ZABBTE4SI 2. 14245E+ 04

oy 4.2T00IE+22 3, RECRZE4S R 2. 15020E+ 04

32 4.3163E+E2 4, I7TD2IE+ET 3. 19835E+04

9 4.84200E+22 4. ZQO2SE4EH B 1ES1€F+ 04

40 4.89193E+22 4, 2SRSTE+23 3.1?1195004

43 4.55008E+22 « ZPESTE+ER « ITEOSE+S (4

a2 4.3578CE+E3 4.40357E+3 a.l BSO1E+ (S

43 4,37402E+23 4.4020E+23 . 1GESSE+ D4

44 4.53115E+23 4_41553E+23 3.19072E+04

4% 4.286B8E+23 4.320B1E+223 3. 19426E+04

++4+4+ CONVERGENCE CRITERION MET 44444
CYCLE = 45 NL = CBHSIE4E3 NE = 3. 4255€E+23
N1-HZ= &4.66%6314E+22 LELTA= .9900%4

PESIDUAL ACTIVITY =
CONVERGENCE CHECK

THED. EOQ. NUMEBEP =
CALC. E%. NUMEER =

3.1972E+04 CURIES

4.94120E+23
4.94147E+23

++4+ WANT A PLOT? Y=YES» N=ND,

? N
= <10P

cP 1.83% TECS.
RUN COMPLETE.



