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A METHOD FOR CALCULATING THE STEADY-STATE DISTRIBUTION

OF TRITIUM IN A MOLTEN-SALT BREEDER REACTOR PLANT

R. B. Briggs and C. W. Nestor, Jr.

ABSTRACT

Tritium is produced in molten salt reactors primarily by fissioning
of uranium and absorption of neutrons by the constituents of the fuel
carrier salt. At the operating temperature of a large power reactor,
tritium is expected to diffuse from the primary system through pipe and
vessel walls to the surroundings and through heat exchanger tubes into
the secondary system which contains a coolant salt. Some tritium will
pass from the secondary system into the steam power system. This report
describes a method for calculating the steady state distribution of
tritium in a molten salt reactor plant and a computer program for making
the calculations. The method takes into account the effects of various
processes for removing tritium, the addition of hydrogen or hydrogenous
compounds to the primary and secondary systems, and the chemistry of
uranium in the fuel salt. Sample calculations indicate that 30 percent
or more of the tritium might reach the steam system in a large power

reactor unless special measures are taken to confine the tritium.



I. INTRODUCTION

Conceptual designs of Molten Salt Breeder Reactor (MSBR) power
plants usually can be represented by the diagram shown in Fig. 1. The
fissioning of uranium in the fuel salt heats the salt as it is pumped
through the reactor vessel in the primary system. The heat is trans-
ferred to a coolant salt that circulates in the secondary system and,
thence, to water, producing steam to drive a turbine-generator in the
steam system.

Fission products and other radioactive materials are produced in
large amounts in the fuel salt. Much smaller amounts are produced in
the coolant salt by the flux of delayed neutrons in the primary heat
exchangers. The radioactivity is normally confined by the walls of
the piping and vessels. However, tritium is produced in the salts,
partly as a fission product, but mostly by absorption of neutrons by
lithium in the fuel salt. At the high temperature of an MSBR, tritium
diffuses through metals and might escape to the environs in amounts
thgt would be cause for concern.

The purpose of this report is to describe a method for calculating
the distribution of tritium in and its escape from an MSBR plant. We
assume that the tritium, born as tritium ions, is present in the fuel
salt primarily as tritium molecules™ and tritium fluoride moleéules.**

The ions are estimated to be produced at a rate of 2.6 X lOlu/MWsec***

*Tritium molecules are intended to include HT and H; molecules
when hydrogen is present.

**Tritium fluoride molecules are intended to include tritium (and
hydrogen) ions associated with fluoride ions in the salt.

**%)420 Ci/day in a 2250 MW(t), 1000 MW(e) plant.
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in a typical fuel salt. The relative concentrations of tritium and
tritium fluoride in the fuel salt are expected to be governed by the
equilibrium relationship for the reaction,

UF, + 1/2 T, 2 UF3 + TF ,
with uranium in the salt. The absolute concentrations are governed
by removal processes.

Three types of processes are provided for removing tritium from
the primary system: permeation through the metal of the walls of
piping and vessels, sorption on materials in contact with the salt,
and purging. We assume that tritium molecules that reach a metal
surface can sorb on the surface, dissociate into tritium atoms and
diffuse through the metal. Tritium in tritium fluoride and other
compounds is assumed to be chemically bound and unable to pass through
the metal.

Experience with the Molten Salt Reactor Experiment indicated that
tritium sorbs on and is tightly bound to graphite. We provide for
sorption of tritium and tritium fluoride on the graphite in the reactor
core,

Provision is made for purging tritium from the primary system by
circulating a stream of salt through an apparatus which extracts gaseous
tritium and tritium compounds. A contactor in which tritium and tritium
fluoride are transferred to a gas phase by virtue of their vapor
pressures would be such an apparatus. Current designs for MSBR's
provide for sparging of the fuel salt with helium bubbles in the
primary system to remove krypton and Xenon. Tritium and tritium
fluoride would be removed also. The sparging process can be treated

as an equivalent purging process in the calculations.



Tritium will reach the secondary system by diffusion from the primary
system through the walls of the tubes in the primary heat exchangers
and by neutron capture in the coolant salt. We provide for removal of
tritium from the secondary system by diffusion through the metal walls,
sorption, and purging. The secondary system would not normally contain
a sorber or have an elaborate purging system. Such processes, if
incorporated into the plant, would be designed specifically for removing
tritium,

The coolant salts do not normally contain constituents that are
reducible by tritium and, thereby, able to convert tritium into tritium
fluoride and make it unavailable to diffuse through the metal walls.
We, therefore, have provided for addition of hydrogen fluoride or other
hydrogenous compounds to the secondary system. We assume that tritium
will exchange with the hydrogen in the added compound and that the
compound will be extracted by the sorption and/or purge process.

The steam system and the cells around the reactor primary and
secondary systems are considered to be sinks for tritium. Tritium
reaching the steam system is assumed to exchange with hydrogen in the
water, and thdt reaching the cells is assumed to be oxidized to water.
The partial pressure of tritium is effectively zero.

In the calculations we assume that tritium and hydrogen behave
identically. The equation used for calculating the diffusion of
hydrogen through a metal wall states that the rate of transport per
unit of surface area is proportional to the product of a permeability
coefficient and the difference between the square roots of the partial

pressures of hydrogen at the inner and outer surfaces of the metal.



In this circumstance, addition of hydrogen can reduce the transport

of tritium through the metal. Suppose, for example, the partial
pressures of tritium and hydrogen at the outer surface of a pipe are
zero and the partial pressure of tritium at the inner surface is held
constant. If hydrogen were added to increase the total hydrogen partial
pressure at the inner surface by a factor of 100, the flow of hydrogen
plus tritium through the metal wall would increase by a factor of 10.
But the flow of tritium would decrease by a factor of 10 because of the
100-fold dilution of hydrogen. Because of other factors, the effect of
adding hydrogen may not be so dramatic, but the calculational method
provides for addition of hydrogen to the primary and secondary systems
and for hydrogen to be present at a specified concentration in the
steam system so that the effects can be studied.*

The calculational model describes the behavior of tritium in an
MSBR plant to the extent that it is known or has been inferred at the
present time. The removal processes can be included in or eliminated
from the calculations by careful choice of the values assigned to co-
efficients in the equations. The model probably does not include all

the chemical reactions and physical processes that will ultimately be

*The calculational procedure might have been developed to treat hydrogen
and tritium as separate species. Separate values then could be assigned
to important parameters, such as solubility and diffusion coefficients,
for each species. Interaction between hydrogen and tritium would be
taken into account by the equilibrium relationship

p;T/szo Pp, = kp for the reaction H, + T, % HT .

However, kp has a value near 4 at temperatures of interest, which signi-
fies that hydrogen and tritium interact as though they are the same
species. Also, there are substantial uncertainties in the values for
most of the parameters. Complicating the procedure to treat hydrogen
and tritium separately would not, for the present, improve the accuracy
of the results,



shown to affect the distribution of tritium in an MSBR. 1In some
instances these effects can be included, when recognized, simply by
adjusting the coefficients in equations for processes presently in-
cluded. Others may require incorporation of additional processes.

Two assumptions in the calculational procedure should be recognized
for their potential for leading to major differences between the cal-
culated distribution of tritium and what would actually occur in a
reactor plant. Tritium, present in the salt as tritium fluoride, can
react with metal to yield tritium atoms that would dissolve in and
diffuse through the metal. Neglect of this reaction could cause the
calculations to be greatly in error under circumstances where most of
the tritium is present in the salt as tritium fluoride.

Oxide films (and possibly others) that form on metal surfaces
reduce the permeability of a metal wall to the passage of hydrogen.
They may also cause the transport to vary with pressure to a power
in the range of 1/2 to 1. The reduced permeability appears as a
coefficient in the transport equations of the model, but we make
no provision for changing the exponent on the pressure terms from
1/2. The calculated transport of tritium through the metal walls
and the effect of the addition of hydrogen in reducing the transport
would both be greater than would actually occur if the actual trans-
port were proportional to the pressure to a power in the range 1/2
to 1. The calculations would not underestimate the transport unless
the total pressure of tritium and hydrogen exceeded the reference

pressure for the permeability coefficient, which is usually 1 atm.






II. DERIVATION OF EQUATIONS AND COMPUTATIONAL PROCEDURES

In making the calculations, we first calculate the distribution of
hydrogen plus tritium in order to establish flows and concentrations of
the combined isotopes throughout the plant. Then we calculate the distri-
bution of tritium throughout the plant.

For calculating the distribution, the fluids in the primary and
secondary systems and the various parts of the steam system are assumed
to be well mixed and to contain uniform bulk concentrations of all
constituents., The calculations are for steady-state conditions, and
only hydrogen and tritium molecules are assumed to be able to sorb on
the metal surfaces, dissociate, and diffuse through the metal walls.
The various paths are defined and the distribution is calculated by the

use of the following set of equations.*

A. In the primary system:

1. Transport of hydrogen through the salt film to the wall
of the piping in the hot leg from the reactor vessel to

the heat exchanger:
Q= h1A1(CF - Ci1) . (la)

Transport through the pipe wall to the surroundings where

the hydrogen pressure is assumed to be negligible:

i 1
Ay [ (k ) A; (k)7
Q = PaA [( éfl) ] = Ei,éf 1C1) . (1b)

2. Transport of hydrogen to and through the walls of the cold-

leg piping from the heat exchanger to the reactor vessel:

*Symbols are defined in Section IV, Nomenclature.
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Q = thz(CF — C2) (2a)
3
_ EzA::sz2) . (2b)

3. Transport of hydrogen to and through the walls of the
reactor vessel and the shells of the heat exchangers in

the primary system:

Qs = hsAa(CF — Cs) (3a)
3
= EsAz(ksca) (3b)

4, Transport of hydrogen to and through the walls of the

tubes in the primary heat exchangers into the secondary

system:
Q, = hL.AL.(cF - C4) (4a)
sA, 3 3
=P——th [(kaC)Z — (k12C12)7] . (4b)

5. Transport of hydrogen to the surfaces of the graphite

in the reactor vessel or to other sorber:

Qs = hsAs(CF - Cs) . (53)
Sorption by the graphite or other sorber assuming that
the sorbing surface is replaced continuously and that

the concentration of sorbed gas is proportional to the

square root of the partial pressure:
+
Qs = B W,As (ksCs) . (5b)
6. Removal of hydrogen by purge:

Qe = FiE.C, . (6)
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7. Transport of hydrogen fluoride to and removal by sorber:
Qs = h,A, (CFF — C>) (7a)

1
BszA7(k7C7)T . (7b)

8. Removal of hydrogen fluoride by purge:

Qs = FzEchF . (8)

Because the molecular species involved may contain different numbers
of hydrogen atoms, all the calculations are done in terms of atoms of
hydrogen. This does not mean that the hydrogen necessarily diffuses as
single atoms, but only that a transport unit is one hydrogen atom and
the parameters are expressed in terms of single hydrogen atoms. A
Q value of 1 then represents the transport of one-half molecule of Hz,
one molecule of HF, or one-fourth molecule of a compound like CH,, all per
unit time. Likewise, a C value of 1 represents a concentration of one-
half molecule of H,, one molecule of HF, or one-fourth molecule of CH,,
all per unit volume.

If the rates of inflow of tritium and hydrogen atoms (R, and R2,
respectively) to the primary system are given, a material balance over
the primary system gives

8
R, +R2= IQ, . (9)
i=1 *
In our calculations, all flow rates in the sum on the right-hand side

of Eq. 9 are positive or zero except for Q,, the transport through the
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heat exchanger tubes to the secondary system. Q, can be positive,
negative or zero, depending on the conditions in the various systems.
Hydrogen is present in and is removed from the primary system as hydrogen
fluoride, but we provide no input of HF. It is produced by the reaction
1 ->
UFL. +TH2 < UF3 + HF ’

which has an equilibrium quotient

X(UF3) P (HF)

X(UF)  [p(Ha) ]

or

X(UF3) k-Cpp L o= M .

Corrosion and other chemical considerations make it desirable to maintain
the ratio X(UF53)/X(UF,) = 1/U at a constant value,* so the concentration

of HF in the bulk of the salt can be related to the hydrogen concentration

by

L
Cpp = 1o (ksCp)? (10)

We replace C__ by the equivalent function of C_ in Eqs. 7a and 8 to obtain

FF F

expressions for Q, and Qs in terms of CF.

B. Secondary System:

1. Hot-leg piping:

Qio0 = hloAlo(CC'_ Cio) (11a)
1
A
= _E_l_:’:__& (kloclo)_f . (11b)
10

*This might require that hydrogen be added to the primary systems as
a mixture of hydrogen and hydrogen fluoride.
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2. Cold-leg piping:

Q11 = h1A1, (CC - Ci1) (12a)
A ]
= Elizfl (k11C11)% . (12b)

3. Transport through the primary heat exchanger tubes into the

primary system:

Q12 = hi2A, (CC - Ci12) (13a)
1 1
= Pf;-l:““—[(kx2(312)1r - (kuCu)T] . (13b)

4. Transport through the steam generator tubes into the

Steam system:

Q13 = h13A15 (CC - Ci13) (14a)
1 1
= E%iéLl Eklacla)Y-‘ (kz1021)7J . (14b)
13

5. Transport through the superheater tubes into the steam

system:
Qi = hyuAy, (CC - Cyy) (15a)
PiuAry + ¥
= —JE:ﬁ—- (k14C14) % = (k22Cp2) . (15b)

6. Transport through the reheater tubes into the steam system:

Qs = hisAys (C, = Cys) (16a)
A * z
= Bli:ii' (k15C15)° - (k23Cz23) . (16b)
7. Removal by sorber as hydrogen:
Que = highrs (C, - Ci6) (17a)

1
BsW3A15 (k15C16)° . (17b)
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8. Removal by purge as hydrogen:
Q.7 = F3E3Cc . (18)

9. Removal by sorber as HF:

Qie = h1eA1a(CcF — Ciy8) (19a)

1
B,Wuh1e(ki1aCre)? (19b)

10. Removal by purge as HF:

Qis = FAEACCF . (20)

Since we assume that the hydrogen fluoride does not release hydrogen
to diffuse through the metal walls, and that there are no chemical reac-
tions in the secondary system that make the concentrations of hydrogen and
hydrogen fluoride interdependent, we write separate material balances for

the two species for the distribution of total tritium and hydrogen:

17

R +Ru = I Q (21a)
i=10

Rs = Qia + Q1o (21b)

In these equations all the R's and all the Q's have positive or
zero values except for Q;z, Qis, Qisa and Q,s, which can have negative

values.

C. Steam generator system:

1. Transport through the steam generator tubes into the secondary

system:
Q21 = h21A13(CSG - C21) (22a)
1 1
= R‘l—t:‘}:'z‘%‘l—a‘[(kz1C21)~Z - (klacla)-z-] . (22b)
13

2. Transport through superheater tubes into the secondary system:

Qo2 = h22A1u(CSS - C22) (23a)



3.

In the steam system the values for C

15

1 1
= Rl—:‘:—?—% [(kzzczz)r- (kmcm){' .

(23b)

Transport through the reheater tubes into the secondary system:

Qr3 = h23A15(CSR - Cz3)

1 1
= Eli%ji' &kzsczs)I’- (k15015)7} .

SG> 7SS S

C and C R will be given.

(24a)

(24b)

The steam flows will be so large that the diffusion of hydrogen through

the metals should not have much effect on the concentration of hydrogen

in the steam. Under these assumptions, we do not require a material

balance over the steam system.

as hydrazine or in some other manner to give a specified ratio of

If hydrogen is added to the feed water

hydrogen to H»0, then this ratio, coupled with the steam tables, can be

used to calculate the hydrogen concentrations in the water and steam in

the steam~raising equipment. Without addition of hydrogen the

concentrations are established by the dissociation of water.

We now need to solve the above equations to obtain values for all

the flow rates and concentrations.

sequence, discussed in more detail in Sec. III.

1.

Calculate C C1s, Qi1s and Q;9 from equations 19a, 19b, 20

and 21b.

CF’

Assume a value for CC.

Calculate Q105 Q115 Qiss Q17 and C1¢ from equations 1lla, 1llb,
12a, 12b, 17a, 17b and 18.

Calculate Q13, Qiu, Qis, Ci13, Ci1y and Cis from equations léa,
14b, 15a, 15b, 1l6a, 16b, 22a, 22b, 23a, 23b, 24a and 24b,
noting that the steam system and the secondary system are
coupled by the relationships Qi3 = -Q21, Q14 = -Q22 and

Qis = =Qz23.

We carry this out in the following
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5. Calculate Q;, from the material balance, Eq. 2la.

6. Calculate CF’ C12 and Cy from Eqs. 4a, 4b, 13a, 13b, the

relationship Q4 = -Qi1» and the value of Q;, obtained in step 5.
These concentrations should all be positive. If any one of them

is negative, steps 3 through 6 must be repeated with a larger

value of CC.

7. When positive values have been found for C Ci12 and Cy,

°
calculate Qi1, Q2, Q3, Qs, Qs5 Qs Qa, Cs, CFF and Cy.

8. Calculate RF from

8
Rp = .Z Q - (R1 + Rz) -
i=1

I1f RF is positive, hydrogen must be added to the primary system
in order to maintain a balance. This means that CF is too large,
which in turn means that CC is too large, and steps 3 through 8

must be repeated with a smaller value of C If R, is negative,

c’ F
CC is too small and steps 3 through 8 must be repeated with a
larger value of C,.
¢ R
When this process has been repeated until the ratio ﬁ——£—§~ is
1 2

sufficiently small, the flows and concentrations of hydrogen plus tritium
and of hydrogen fluoride plus tritium fluoride have been established
throughout the plant and we can proceed with the calculation of the
tritium distribution. We ignore the difference in the properties of

the two isotopes and assume that they behave identically. Thus,

hydrogen and tritium compounds have the same solubilities and
diffusivities, and if a hydrogenous compound, such as HF, is added

to a mixture of hydrogen and tritium, exchange will occur to give a

ratio of tritium to hydrogen that is the same in hydrogen* and the

added compound.

*Hz, HT and T2
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We now proceed with the calculation of the tritium distribution.

D. Primary system:
1. Transport through walls of hot-leg piping:

Q31 = FT Q; . (25)

2. Transport through walls of cold-leg piping:

Q32 = EEI Q . (26)

Cr

3. Transport through wall of reactor vessel and shells of heat

exchangers in primary system:

Q33 = FT Q3 . (27)

4. Transport through walls of primary heat-exchanger tubes

into the secondary system:

Qsy = hyAy (CFT - Csy) (28a)

- Pufy | kuCse _ _kjoCus
ty | (kyCy)T (k12C12)z

. (28b)

Equations 25 through 27 are straightforward, simply indicating that
the amount of tritium flowing with hydrogen is proportional to the fraction
of the concentration that is tritium when the flow of both is into a sink
with a zero concentration of both. Equation 28a is straightforward,
indicating that the flow of tritium from the bulk salt to the wall is
proportional to the difference between the concentrations of tritium in
the bulk fluid and the wall. Equation 28b, however, requires some

additional explanation.
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The rate of transport of hydrogen through a metal wall can be
expressed as
Q=2 -y,
where D is the diffusivity of hydrogen atoms in the metal, the C's are
the concentrations of hydrogen atoms dissolved in the metal at the inner
(I) and outer (0) surfaces, t is the metal thickness and A is the surface
area. Assuming no interaction of tritium and hydrogen atoms as they

diffuse through the metal, the rate of transport of tritium is
Q.=— (. ~-CclL) .

The concentration of hydrogen + tritium atoms in the metal at the
surface is

1
c' = SP"} = s(ke)? ,

where S is a solubility coefficient and P is the partial pressure of
hydrogen + tritium and is equal to the product of Henry's law coefficient
and the concentration of hydrogen + tritium in the salt at the surface.
Assuming that the ratio of tritium to hydrogen + tritium in the metal

at the surface is the same as that in the salt at the surface, we can

write

3% RCqg
TI T . - S(kCp) c. =S !
I I (kIcI)'T

and a similar expression for the outer surface. Then,

Q. = DSA kICTI _ kOCTO
3

T t 1 T
3
(kICI)2 (kOCO)
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and by substituting the permeability coefficient, p, for the product,
DS, we obtain Eq. 28b., This treatment is necessary here because

the net flows of hydrogen and tritium may be in opposite directions.
The equations provide a means for taking into account the effect of the
mass action laws on the concentrations of tritium in the metal and its
transport through the metal.

5. Removal by graphite or other sorber:

C
FT
Q3s = 7 Qs » (29)
F
6. Removal by purge:
C
FT
Qze = -~ Qs - (30)
F

7. Removal by graphite or other sorber as tritium fluoride:

CFT
Q37 = T
F

Qy; - (31)

8. Removal by purge as tritium fluoride:

C
Q3s = EEI Qg - (32)

F

The tritium balance over the primary system is:

38
Ry = 2. Qi . (33)
. i=31
E. Secondary system:
1. Hot~leg piping:
C
CT
Quo = c— Quo - (34)
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2. Cold-leg piping:
C
CT
Qu1 = +—Q11 - (35)

Cc

3. Transport through primary heat exchanger tube walls into

primary system:

Qy2 = h12Au(CCT - Cy2) (36a)
_ PuAy | k32Cup  _ kuyCau, 36b
ty [(k12C1zﬁ (kyCy )1 (36b)

4. Transport through steam generator tube walls into the steam

system:

Qus = h13A13(CCT - Cy3) (37a)

_ P13A1s klacual’
tiz (ky3Cy3f

. (37b)

Calculations of the tritium distribution are based on the assumption
that tritium will exchange so rapidly with the hydrogen in the steam to
form tritiated water that the tritium concentration will be effectively
zero.

5. Transport through the superheater tubes into the steam system:

[}

Quu hluAlu(CCT - Cuy) (38a)

PisAiy _ky14Cyy
= 1 . 38b
tiy  (k14Cy14)7 (38b)

6. Transport through the reheater tubes into the steam system:

Qus h15A15(CCT - Cys) (39a)

PisAis _kisCys
= 7 . 39b
tis  (ki1sCis) (39b)
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7. Removal by sorber as tritium:

C
Qus =‘6(1T'Q16 . (40)

C
8. Removal by purge as tritium:

CCT

Qu7 == Q17 » (41)
CC

9. Removal by sorber as tritium fluoride:

CCT

Qae = —=— Qie (42)
8 CC 8

10. Removal by purge as tritium fluoride:

C
Qus = o= Qus - (43)

C

The balance over the secondary system is:

49
Ry = X Qi . 44)
i=40

Since the tritium concentration in the steam system is assumed to
be negligible, no equations are needed for the steam system.

To calculate the distribution of tritium, we solve Eqs. 2544 in
the following sequence, discussed in more detail in Section III.

1. Assume a tritium concentration, C T in the secondary system

C
and calculate Quo0, Qu1, Qus through Q,s from Eqs. 34, 35, 37a,

37b, 38a, 38b, 39a, 39b, 40, 41, 42 and 43.
2. Calculate Qu,2 from the material balance, Eq. 44.

3. Calculate CFT from Eqs. 28a, 28b, 36a and 36b, the relation-
ship Qss = -Q42 and the value of Q.. from step 2. If the value

of CFT is negative, increase the estimate for C and repeat

CT
steps 1 through 3, When we have found a positive CFT’ we

proceed to step 4.
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Calculate Q31, Q32, Q33, Q35, Q35, Q37 and Q35 from Eqs. 2532,

Calculate RF’ where

38

= X Q. — R,
e i=31

is the term that must be added to the left side of Eq. 33 in
order for the equation to balance. If RF is positive, tritium
must be added to the primary system, so CFT and CCT are too
large; if RF is negative, C and C are too small. Adjust

FT CT

the value of CCT and repeat steps 1 through 5. When ]RF/R1|

is sufficiently small, the calculations are finished.
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ITI. SOLUTION OF EQUATIONS

In the procedure discussed above, we begin with the calculation of

CCF’ Cisy, Qis and Q,5 with Egqs. 19a, 19b and 20, and the material balance,
Eq. 21b:
Qs = hleAlB(CCF — Ci8) (19a)
+*
= B,W,A16(k18C18) ’ (19b)
Qio = F“E“CCF ’ (20)
Rs = Qi8 + Q10 - (21b)

Eq. 19b requires that Qis > 0 and Eq. 20 requires that Qs > 0, so if
Rs = 0, 21b requires that Q,s = Q5 = 0. If Rs > 0, we combine 21b, 20

and 19a to obtain

Rs = Q18 = FLELC = Rs — hleAlB(CCF — Cis) >

CF

or

— R5+h18A18C18 R

CCF = FuEathiohse (19¢)

Substituting 19c¢ into 19a, setting the result equal to 19b and collecting
terms we obtain

0 — Cis = BC3s > (194d)

where we have defined

and

_ FL.EL.+hIBA18] [B;.WL.:I +
b= [ F.E, oo ) [0
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Squaring both sides of 19d results in a quadratic equation for C;s;
since the right-hand side of 19d is positive, we want the root of this

quadratic which is less than o. We have

Cle — (20+B*)Cye + 0* =0 ,

20+B2 + V(2a+B2) 2 —4a?

Cie = 2

To obtain the root less than a, we want the root with the negative sign.
To avoid possible loss of significant figures, we note that the product

of the roots is az, so that we can write the solution in the form

2

o
Cis = Bz Za\ ° (198)
a+— {1+ V1+—=
2 8
Then we have
1
Qis = BuwaA1e(k1eC1eyr s (19b)

= Rs + h;8A:6C18

CCF FL,E, + higA;s

(19¢)

and

Qis = FLELC . (20)

CF
With some value for CC we proceed to the calculation of Q;o, Qi11,
Qi6s Q17 and Cy;6. Egqs., 1lla, 11b, 12a and 12b read
Qio = h1oA1o(CC'“ Cio) » (11a)

A 1
Q10 = Piofao (k1oC10)2

b
tio

(11b)

Qi1 = h11A11(CC — C11) > (12a)
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A 1
Q1. = B%?TLL (k11C11)’-. (12b)

These equations (11 and 12) are identical in structure, as are Eqs. 1,

2, 3, 5, 7, 17 and 19. For Eqs. 11 and 12 we define

a=k

€1 = Ce» i l\th,

and Eqs, 11 and 12 then can be written in the form of quadratics in the

concentration Ci:

2 _ 2 _
Ci (2C1+a)Ci + Ci o .

From Eqs. 11b and 12b, the flow rates Q,o0 and Q,, must be positive, so

that the root desired in each case is the smaller one. We have

_ cs
+ c1+%<1+ 1+

c e\’ i=10, 11 ,
a

and

By putting

BsWs Y
a = ( ;12> Kis »
Ci16 can be calculated in the same fashion (Eqs. 17a and 17b) and the

flow rates Q.6 and Q,, are

1
Q16 = B3W3A16(k16C16)7-’

Q.7 = F3E3CC .
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We continue with step 4, the calculation of the flow rates Qis,
Qi and Q;s, and the corresponding concentrations Ci3, C14 and C;s,
using Eqs. l4a, 14b, 15a, 15b, 16a, 16b, 22a, 22b, 23a, 23b, 24a and
24b. Note that the secondary system and the steam system are coupled

by the equations

Qi3 = Q215 Q14 = -Qz2 and Qs = -Qz3

The three equations 14, 15 and 16 all have the same structure and can

be written in the form

P 1 1
_ - _K T _ T
(€2 =P = [CERER S ] (a)
h, (€, —Ca) = he(C1=Cp) (b)
where K = 13, 14 and 15, C, = CC’ L = 21, 22 and 23, and we identify
C. as CSG’ CSS and CSR for K = 13, 14 and 15, respectively. We can

solve Eq. b for CL:

C = =
L hL

(C1 —‘CK) + C; . (C)

o4
=

Since CL must be non-negative, there is a maximum permissible value

Cémax)’ which is the value such that
h
% ) o
L
or
h
Cémax) =C, + EL Cs . (d)
K

If we substitute (c¢) into (a) and rearrange, we have
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1

Px 3| %% ¥ =z
G = Ot e i [ €m0 * )~ i (s (©)

or, more concisely,

CK = F(CK) .

To locate the solutions (if any) of this equation, we need to

examine the behavior of F(CK) for 0 < C, < C(max) We find that

K— K *
F(O) >0
and
F'(CK) <0, F'(0) = -

F'(C) >0 .

The graph of F(CK) then looks like the curve in Fig. 2.

‘x

F(CK)

0 Cx

Fig. 2. Sketch of F(CK) vs CK'

For there to be a solution between zero and Cémax)’ we must have
Céﬁax) > F(Cémax)) and upon substitution of our expression (d) into

F(CK), we find that this condition is satisfied. We will now examine

the function

G(CK) = CK- F(CK) .
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We note that

G(0) = -F(0) <0

G(CémaX)) > 0

and

G'(CK) =1 —-F'(CK) > 0 [since F'(CK) <0] .

This insures that G(CK) has one and only one zero in the range

0<c, <clmx

. " = _T" " <
x < Cx . Since G (CK) F (CK), G (CK) < 0, and the graph

of G(CK) looks like the curve shown in Fig. 3.

G(0)

Fig. .
ig. 3 Sketch of G(CK) vs CK

With a suitable Cél) we can compute G, = G(Cél)) < 0 (for example,

starting with Cél) = 0) and with a suitable Céz), Gy = G(Céz)) >0
(Céz) = Cémax), to start). An approximation to the solution CéT), is

derived from the inverse linear interpolation:

(1) _ (2)
C(T) ) G2CK G1CK
K Gz — G, ’

as shown in Fig, 2, A better approximation can be derived with inverse

quadratic interpolation:

o (@606 o (0-6)(0-6) (0 (0-6.) (0-G)

(T)
= C + C + C .
K (G1‘GT)(G1_G2) K (Gz‘Gl)(Gz'GT) K (GT-GI)(GT_GI) K

c
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With G"(CK) < 0 as shown and G'(CK) >0, G, = G(CéT)) will be positive

T
T
and CéT) should be larger than the root. If Céx) is larger than Cé ),
we replace Céz) by CéT), G2 by GT’ and repeat the inverse linear inter-
. x) | (T)
polation. 1f, however, CK is smaller than CK , we calculate
Gx = G(Céf)); and if this value is negative, we replace Cél) by Céx),
(2) (T) . .
G, by Gx’ CK by CK and G, by GT’ and repeat the inverse linear

interpolation., 1If Gx is positive, we replace Céz) by Céx) and G, by Gx

and repeat the inverse linear interpolation. We terminate this process

when
o
- <
1 C(x) CTOL ’
K
or when we have done 50 iterations. The tolerance C is defined in a

TOL
DATA statement in our program. We have found that the procedure converges

-5

in about four iterations for C = 10 and in about six iterations for

TOL

= -7
CTOL 1077,
The required flow rates Qis, Qz1, Qias Qz2, Qis and Qs can now be

computed from

Qi = hiAi(CC — Ci)

Qi+8 = —Qi, i=13, 14, 15,

The flow rate of hydrogen and tritium through heat exchanger tube

walls from the secondary to the primary system, Q,,, is

Q12 = Rs + Ry — (Q1o + Q11 + Qia + Qis + Qs + Q16 + Q17) ’

and from Eq. 13a,

C12 = C -—-&2__.
C  hiaA,
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If the value for C,, is negative, we have used too small a value for
CC’ so we double our previous guess and start over at step 3. If the
computed value is positive, we proceed to calculate (Eq. 13b)

1 ¥ Qiats]?
Cu = E [(k1zc12)7— p1¢.2A:] ’

and finally,

. = — Qa2
CF Cs hohs °

If the computed value for CF is negative, we need a larger value for
CC’ so0 we double our previous guess and return to step 3. If positive,

we proceed to step 7, the computation of the remaining flow rates Qi,

Q2, Q3, Q5, Q¢, Q7 and Qg and the concentrations Cs, CFF and C».
We can write Eqs. 1, 2 and 3 in the form
Pify 3
Q; = hyA, (Cp-C)) = —E;_ (k.CH", 1 =1, 2,3,
and with
2
a ! k
t.h, i
i'i

the resulting quadratic equations can be solved in the same way as
those for C;y and C;;. Egs. 5 can be manipulated into the same form
with

BiW; |2
hs

ks

so that we can calculate Cs, and from it

1
Qs = BiWjAs (ksCs)Z . (5b)
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Again, Eqs. 7a and 7b can be written as a quadratic for C,; with

BoWo

2
hv k7

so that we can calculate

1
Q7 = BaWaAy (k7C7)7
Qs = FzEzCFF

and

where CFF is

1
= M z
CFF K, (ksCF) . (10)
This is the end of the first part of the procedure if RF is small

enough. We test the condition

Rp

R1+R>2

<
TTOL

(where the quantity T is defined in a DATA statement in our

TOL

program) and if it is satisfied, we proceed to the second part. If

not, we adjust C. in a variety of ways, depending on what information

C

we have accumulated so far. We carry out a preliminary search for

two values of CC which bracket the root, i.e., one for which RF is

negative and the other for which R

F is positive. If this is the

first iteration or if both our present and previous values of RF

have the same sign, we multiply CC by a factor m such that

-R_/(R1+R2)
= 10 RF 1

m
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but limited to the range
.01 < m < 100 .

When we have bracketed the root, we combine inverse linear and
inverse quadratic interpolation in much the same way as we did for
the solution of the equations for C;3, Ci1y and C;s, keeping the root
bracketed and attempting to reduce the length of the interval con-
taining the root. When this process has converged, we proceed to
the tritium calculation.

With a value for C_., the concentration of tritium in the

CT

secondary salt, we compute

C
Quo = EEI Q1o (34)
C
C
Q1 = 5 Qi (35)
C

and from Eqs. 37a, 37b, 38a, 38b, 39a and 39b we obtain

1
hist13(C13/k13)%/p1s
C = -— C 37
*3 7 1+h;at;3(C13/k13)3 /p13 CT (37¢)
= P13A13 ‘
Qus t13(C13/k13)? Cus (37b)
1
hywtys (Cru/kyn) /pyy
C = 8
#% 7 1+hiatis (Cru/k1s)¥ /P Cer (38¢)
- PiuvByny
Qu t14(Cru/ky)? Cuu (38b)
/ 5
hysty5(Cys/kys)“/pis
C =
*5 7 1+h;st15(Ci15/k15)7 /p1s CCT (33¢)
Qys = P1sA1s Cys : (39b)

1
t15(Ci1s5/k15)7?
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CCT
Qi+30 = E—g— Qi’ 1 = 16, ].7, 18, 19 (40_43)
Quz = R3=Quo=Qu1-Qu3~Quu=Qus5-Que—Qu7-Qus—Qus (44)

and finally

- - Qua
Co2 = Cor = 1, An

If this value is negative, we have used too small a value for

C...; in the same way as before, we double C

CT and try again, starting

CT

at Eq. 34. When we have found a positive Cy2, we compute

Can = | E& % Cyp _ tuQuo
" ky (Ci2/k12)T  puA,

Again, if C;, is negative, we need to double CCT and try again.

When we have found a positive Cjy, we compute

- _ _Qy2
Cpr = Cav = 1A,

and continue with the doubling scheme until Cy2, C3y and CFT are all

positive. We can now compute the flow rates

CFT
Q30+i =E—F-.—Qi’ i=1,2, 3, 5,6, 7, 8
and
%%
= Q. - Ry .
¥ i=31

Our test is now on |RF/R1|, and we use the same adjustment and

interpolation procedures as for C

C
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IV. NOMENCLATURE

2
A = surface area, cm

A
1

hot leg of primary system (piping and
pumps)

cold leg of primary system (piping)
reactor vessel and heat exchanger shells
tubes of primary heat exchanger

core graphite for sorption of hydrogen

core graphite for sorption of hydrogen
fluoride

hot leg of secondary system (piping, pumps,
half of shells on steam-raising equipment)

cold leg of secondary system (piping, half
of shells on steam-raising equipment)

A

4

tubes of steam generators
tubes of superheaters

tubes of reheaters

sorber of hydrogen

sorber of hydrogen fluoride

Reference

Value= Name*#

A

6 X lO5

5 X 10°

3.5 X lO6

4.9 X 10’

5.2 X 10’

1.1 X lO7

8.8 X lO6

4.9 X lO7

3.1 X 10’

2.7 X 107

1.8 X lO7

*The reference values are based on the design of a 1000 MWe molten salt
breeder reactor plant described in ORNL-4541.
*%Acronym used in FORTRAN computer program; if no entry appears, the
parameter is not used in the program.
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Reference
Value Name
B = sorption factor, atoms/cmzatml/2 B
21
Bl = hydrogen + tritium on core graphite 3 X10
. X 21
B2 = hydrogen fluoride on core graphite 3 X 10
B = hydrogen + tritium on sorber in secondary
3 18
system 1 X 10
B = hydrogen fluoride on sorber in secondary
4 18
system 1 X 10
C = concentration, atoms/cm?®
CF = hydrogen + tritium in bulk of primary salt CF
CFF = hydrogen + tritium as hydrogen fluoride in
bulk of primary salt CFF
CFT = tritium in bulk of primary salt CFT
CC = hydrogen + tritium in bulk of secondary salt CC
CCF = hydrogen + tritium as hydrogen fluoride in
bulk of secondary salt CCF
CCT = tritium in bulk of secondary salt CCT
CSG = hydrogen in bulk of water in steam generator 10
(672°K) 2 X 10 CSG
CSS = hydrogen in bulk of steam in superheater 11
(783°K) 9 X 10 CSS
CSR = hydrogen in bulk of steam in reheater 11
(755°K) 1 X 10 CSR
Cl = hydrogen + tritium in salt at surface of hot
leg of primary system C
C2 = hydrogen + tritium in salt at surface of
cold leg of primary system
C3 = hydrogen + tritium in salt at surface of

reactor vessel and heat exchanger shells
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hydrogen + tritium in salt at surfaces
of heat exchanger tubes in primary
system

hydrogen + tritium in salt at surfaces
of core graphite in primary system

hydrogen fluoride in salt at surfaces
of core graphite in primary system

hydrogen + tritium in salt at surface
of hot leg in secondary system

hydrogen + tritium in salt at surface
of cold leg in secondary system

hydrogen + tritium in salt at surfaces
of heat exchanger tubes in secondary
system

hydrogen + tritium in salt at surfaces
of steam generator tubes in secondary

system

hydrogen + tritium in salt at surfaces

of superheater tubes in secondary system

hydrogen + tritium in salt at surfaces
of reheater tubes in secondary system

hydrogen + tritium in salt at surfaces
of sorber in secondary system

hydrogen fluoride in salt at surfaces
of sorber in secondary system

Reference
Value

Name
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Reference
Value Name
€0 7
C21 = hydrogen in steam at surfaces of steam
generator tubes in steam system
C22 = hydrogen in steam at surfaces of super-
heater tubes in steam system
C23 = hydrogen in steam surfaces of reheater
tubes in steam system
-C = ——
€247C33
C34 = tritium in salt at surfaces of heat
exchanger tubes in primary system
€357C41 = 77
C42 = tritium in salt at surfaces of heat
exchanger tubes in secondary system
C43 = tritium in salt at surfaces of steam
generator tubes in secondary system
C = tritium in salt at surfaces of super-
44 .
heater tubes in secondary system
C45 = tritium in salt at surfaces of reheater
tubes in secondary system
E = efficiency E
E1 = removal of hydrogen + tritium from purge -1
stream in primary system 5 X 10
E2 = removal of hydrogen fluoride from purge )
stream in primary system 1.7 X 10
E3 = removal of hydrogen + tritium from purge -1
stream in secondary system 1.8 X 10
E4 = removal of hydrogen fluoride from purge 3

stream in secondary system 1.8 X 10



39

Reference
Value Name
F = flow rate, cm’/sec F
F1 = purge stream for removal of hydrogen + 5
tritium from primary system 3.6 X 10
F2 = purge stream for removal of hydrogen 5
fluoride from primary system 3.6 X 10
F3 = purge stream for removal of hydrogen + 5
tritium from secondary system 5.0 X 10
F4 = purge stream for removal of hydrogen 5
fluoride from secondary system 5.0 X 10
h = mass transfer coefficient, cm/sec H
h1 = hydrogen through primary salt to surfaces -2
of hot leg in primary system 1.6 X 10
h2 = hydrogen through primary salt to surfaces -3
of cold leg in primary system 6.0 X 10
h3 = hydrogen through primary salt to surfaces
of reactor vessel and heat exchanger shells -5
in primary system 9.0 X 10
h4 = hydrogen through primary salt to surfaces -2
of heat exchanger tubes in primary system 1.9 X 10
h5 = hydrogen through primary salt to surfaces -3
of core graphite in primary system 3.0 X 10
h6 = - _—
h7 = hydrogen fluoride through primary salt to -3
surfaces of core graphite in primary system 3.0 X 10
h8 = e —
h9 = - _—
h10 = hydrogen through secondary salt to surfaces 9

of hot leg in secondary system 7.4 X 10



]

11

12

13

14

15

16

17

18

19

20

21

22

23

Henry's law coefficient,

0.83 x 10”24 [k'
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Reference
Value

Name

hydrogen through secondary salt to surfaces -9
of cold leg in secondary system 3.4 X 10

hydrogen through secondary salt to surfaces
of tubes in heat exchangers in secondary 2

system

9.7 X 10

hydrogen through secondary salt to surfaces
of tubes of steam generators in secondary 2

system

4.3 X 10

hydrogen through secondary salt to surfaces
of tubes in superheaters in secondary 2

system

4,7 X 10~

hydrogen through secondary salt to surfaces _2
of tubes in reheaters in secondary system 4.0 X 10

hydrogen through secondary salt to surfaces 1

of sorber in secondary

system 8.0 X 10

hydrogen fluoride through secondary salt -1
to surfaces of sorber in secondary system 8.0 X 10

hydrogen through water
of steam generators in

hydrogen through steam
of steam generators in

hydrogen through steam

to surfaces of tubes
steam system 5.8

to surfaces of tubes
steam system 12

to surfaces of tubes

of reheaters in steam system 30

(cm’melt) (atm.)

moles H,

atom H

-1
(cm?® melt)(atm.)]
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-1

=241, , moles HF
10 E( (cm’® melt)(atm.)]

hydrogen in primary salt in hot leg in
primary system (973°K)

hydrogen in primary salt in cold leg in
primary system (838°K)

hydrogen in primary salt in reactor
vessel and heat exchanger shells in
primary system (908°K)

hydrogen in primary salt in heat
exchangers in primary system (908°K)

hydrogen in primary salt in reactor core
in primary system (923°K)

hydrogen fluoride in primary salt in
reactor core in primary system (923°K)

hydrogen in secondary salt in hot leg in
secondary system (894°K)

hydrogen in secondary salt in cold leg in
secondary system (723°K)

hydrogen in secondary salt in heat
exchangers in secondary system (809 °K)

= hydrogen in secondary salt in steam

generators in secondary system (783°K)

hydrogen in secondary salt in superheaters
in secondary system (866 °K)

hydrogen in secondary salt in reheaters in
secondary system (810°K)

Referenc
Value

e

Name

1.2 X 10~

2.0 X 10

1.5 X 10

1.5 X 10

1.4 X 10

3.4 X 10

5.0 X 10

4.0 X 10

4.5 X 10

3.5 X 10

4.0 X 10

17

17

17

17

17

18

18

18

18

18

18
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Reference
Value Name .
k16 = hydrogen in secondary salt in contact -18
with sorber in secondary system (773 °K) 4.4 X 10
k7 7 -
kl8 = hydrogen fluoride in secondary salt in
contact with sorber in secondary system -20
(773°K) 1.1 X 10
K19 777 -
k30 = =" -
k21 = hydrogen in steam in steam generators in -20
steam system (660 °K) 4,5 X 10
k22 = hydrogen in steam in superheaters in the -20
steam system (755°K) 5.1 X 10
k23 = hydrogen in steam in reheaters in steam -20
system (714 °K) 4.8 X 10
equilibrium quotient for reduction of UF4 by -6 ]
hydrogen, atm/?, (923°K) 1.12 X 10 M
permeability coefficient for hydrogen in metal P
t 3
(atoms H) (mm) - 1.5 X 1016p, (cm szsTP)(mxIl/)2
(sec) (cm?) (atm) ¥/2 (hr) (cm®) (atm)
Py = at average temperature of metal in hot leg 15
in primary system (973°K) 2.1 X 10
p2 = at average temperature of metal in cold 14
leg in primary system (838°K) 6.7 X 10
p3 = at average temperature of metal in reactor
vessel and heat exchanger shells in 14
primary system (873°K) 9.0 X 10
p4 = at average temperature of metal in tubes
in heat exchangers in primary system 14

(873 °K) 9.0 X 10
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Pg=Pg = 77

P10 = at average temperature of metal in hot leg
in secondary system (893°K)

pll = at average temperature of metal in cold
leg in secondary system (723°K)

P12 T Py

Py3 = at average temperature of tubes in steam
generators in secondary system (723°K)

P14 = at average temperature of tubes in super-
heaters in secondary system (838°K)

Pys = at average temperature of tubes in

reheaters in secondary system (773°K)

= pressure, atm, or other appropriate units

= rate of transport, atoms of hydrogen and/or
tritium per second

Ql = hydrogen + tritium through walls of hot
leg in primary system
Q2 = hydrogen + tritium through walls of cold

leg in primary system

= hydrogen + tritium through wall of reactor
vessel and shells of heat exchangers in
primary system

Q4 = hydrogen + tritium through walls of tubes
in heat exchangers from primary system to
secondary system

Q. = hydrogen + tritium to core graphite in
primary system

Q6 = hydrogen + tritium to purge in primary
system

Reference
Value

Name

1.1 X 1015

1.8 x 10%%
9.0 x 10%%

1.8 X 1014

6.7 X 1014

3.5 X 1014
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Reference
Value Name

hydrogen fluoride to core graphite in
primary system

hydrogen fluoride to purge in primary
system

hydrogen + tritium through walls of hot
leg in secondary system

hydrogen + tritium through walls of
cold leg in secondary system

hydrogen + tritium through walls of
tubes in heat exchangers from secondary
system to primary system = —Q4

hydrogen + tritium through walls of the
steam generator tubes from the secondary
system into the steam system

hydrogen + tritium through walls of the
superheater tubes from the secondary
system into the steam system

hydrogen + tritium through walls of the
reheater tubes from the secondary system
into the steam system

hydrogen + tritium to sorber in secondary
system

hydrogen + tritium to purge in secondary
system

hydrogen fluoride to sorber in secondary
system

hydrogen fluoride to purge in secondary
system

hydrogen through walls of steam generator
tubes from steam system into secondary

system = —Q13
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Reference
Value Name

hydrogen through walls of superheater
tubes from steam system into secondary

system = —Q14

hydrogen through walls of reheater tubes
from steam system into secondary system =
Qs

tritium through walls of hot leg in
primary system

tritium through walls of cold leg in
primary system

tritium through wall of reactor vessel
and shells of heat exchangers in primary
system

tritium through walls of heat exchanger
tubes from primary system into secondary
system

tritium to core graphite in primary
system

tritium to purge in primary system

tritium fluoride to core graphite in
primary system

tritium fluoride to purge in primary
system

tritium through walls of hot leg in
secondary system

tritium through walls of cold leg in
secondary system

tritium through walls of heat exchanger
tubes from secondary system into primary
system = -Q34
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Reference
Value Name
Q,, = tritium through walls of steam generator
43 .
tubes from secondary system into steam
system
Q44 = tritium through walls of superheater tubes
from secondary system into steam system
Q45 = tritium through walls of reheater tubes
from secondary system into steam system
Q46 = tritium to sorber in secondary system
Q47 = tritium to purge in secondary system
Q48 = tritium fluoride to sorber in secondary
system
Q49 = tritium fluoride to purge in secondary
system
rate of production or addition, atoms/sec R
Rl = tritium in primary system 5.8 X 10l7
R2 = hydrogen to primary system 0
R3 = tritium in secondary system 0
R4 = hydrogen to secondary system 0
R5 = hydrogen fluoride to secondary system 0
RF = hydrogen or tritium to primary system
in order to obtain overall material
balance _—
temperature, °K
wall thickness, mm T
tl = hot leg in primary system 13
t = cold leg in primary system 13

2



X

10

t1

t12

13

Y4

ts

47

reactor vessel and heat exchanger shells
in primary system

tubes in heat exchangers in primary
system

hot leg in secondary system
cold leg in secondary system
t

4

tubes in steam generators

tubes in superheaters

tubes in reheaters

ratio XUF /XUF

4 3

replacement rate, fraction/sec

"

core graphite or other sorber of hydrogen
in primary system

core graphite or other sorber of hydrogen
fluoride in primary system

sorber of hydrogen in secondary system

sorber of hydrogen fluoride in secondary
system

mole fraction

Reference

Value

Name

50

13

13

100
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V. COMPUTER PROGRAM, INPUT INSTRUCTIONS AND SAMPLE PROBLEM

The FORTRAN-IV program listed in the Appendix was written to pro-
vide a flexible and easily used tool for parameter studies. Many of the
system parameters listed in Sec. IV have standard or reference values,
and we have written the program to allow the user to specify a new value
for any parameter, to use the reference value, or to reset a parameter
to its reference value. Instructions to the program are in the form of
simple commands, followed by numerical values as required.

Output from the program consists of the summary of concentrations,
flow rates and fractions shown in Fig. 2, any input commands, and various
messages from the program to display the progress of the iterative parts
of the calculation.

The three options currently available to the user are

(a) OUTPUT

(b) OUTPUT__ALL_CRBE* all commands begin in column 1; (the

underline indicates a blank space)

(c) OUTPUT__ALL_PRINTER
With choice (a), the summary output is sent to logical unit 20 and all
other output is sent to logical unit 6 (the line printer); with choice
(b), all output is sent to logical unit 20; and with choice (c¢), all
output is sent to logical unit 6. For choices (a) and (b), appropriate
data definition (DD) statements for unit 20 must appear in the user's

job control language.

*The program was designed to be used from a remote terminal with the
‘Conversational Remote Batch Entry system; hence the use of '"CRBE" as

a keyword. However, the program in no way depends upon the availability
of the CRBE system.
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To change various system parameters, the command is
CHANGE __XXX
where XXX is replaced by the appropriate variable name as listed in
Sec. IV, 1If the variable name refers to one of the named concentrations
(CF, CFF’ cees CSR)’ the next line of input must contain the new
parameter value in cols. 1-10. If the variable name refers to any of
the subscripted variables in Sec. IV, the next line must contain a
starting index, n,, a stopping index n, and the new values for the
A maximum of

variables specified by the subscripts n, through n

1 2°
seven consecutive values is allowed; if there are more than seven, put
the subsequent values on subsequent lines. End with a line with a

starting index of zero. The following example illustrates the format.

CARD COLUMN

| 1 ¥ ’ T
112 313.5 617 8/9110111/12|13}14}15}16}17]18 {1220 211'122‘23‘24 2512612712829 |30 31132:33134(35{36
. bl

37

CHANGE A

1 3 1.2 + 6 1.0 + 6 7.0 + 6
13 6 2, + 6

0

This will insert new values for Al, A2, A3 and A13 of 1.2 X 106,

1.0 X 106, 7.0 X lO6 and 62 X 106, respectively. If only one value is

to be changed, the second subscript need not appear.

The user can supply starting estimates for C, and CC the concen-

C T’

trations of hydrogen plus tritium and tritium in the bulk of the

secondary salt, with the '"'CHANGE" command. If no values are supplied

the program will use 1 X lOll for CC and 1 X lOlO for CCT'
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To perform a calculation when all the necessary changes have been
made, the command is
RUN

A calculation will then be done with the parameters specified.
For subsequent cases, all parameters will have the values present at
the end of the preceding calculation; to change the parameters, the
user can supply additional '"CHANGE" commands. To reset parameters to
their reference values, the command is
RESET__ XXX
If "XXX" is left blank, all parameters will be reset; if "XXX" is the
name of a subscripted variable, all entries with the given name will
be reset; and if "XXX" is the name of one of the named concentrations
(CF, CFF’ ey CSR) then just that concentration will be reset. If,
for example, after running the case specified by the "CHANGE" command
in the example, a user put
RESET__ A
then all the A's would be reset to their reference values.

The program will stop when an end-of-file condition is detected
on the standard input unit, i.e., when it runs out of data.

The input and output for a sample problem are shown in Figs. 4
and 5. Reference values from Section IV were used in the sample calcula-
tion. The results indicate that 30 percent or more of the tritium might

reach the steam system in a large power reactor unless special measures

are taken to confine the tritium.
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112131451617 8]9(10(11|12]13|14{15[16{17]18 [19120]|21]|22]23|24|25|26{27|28129 {30131|32|33(34|35|36
/] /XXX1 J¢B (nnnnn), '"ADDRESS',CLASS=A
// EXEC FOARTHLG,GOHSIZE=62K

/] /LKED.SYSIN DD *

HEX DECK

] *
//G®.FTO5F001 DD *
@UTPUT ALL PRINTER
RUN
CHANGE A
1 2 +6 1.0 +6 7.0 + 6
13 6 . 2 + 7
0
RUN
L CH
/ *
!/

Fig. 4. Sample Problem Input




VALUES IN

MNAME A

ARRAY V
" DIMENSION 20 USED
1 2

6,000000 05
-1.000000 00

5.000000 05
5.200000 07

— 8.800000 06 _ 4900000 07 .

0.0 -1.00000D0 0O

NAME B DIMENSION

1 2

5 USEL

—— - 3.000000 21  3.C0000D 21

MNAME C DIMENSION S50 USED

1 2

OCOO0OO®O
[ ]
~N-N-N-N-N-N-

t
I
l
{
t
|
|
1
OCPLOOOOODO

(el oN-NoNoNoNoNoNo]

(=]
[)
o

MAME CN OIMENSION
1 2

10 USED
e -=12000Q000 00 . -1.000000 .00
1.00000D 10 2.000000 10

CIMENSION
1 2

NAME E 5 USED

e -520QQ000-01 1.700000-02

NAME F DIMENSICNA 5 USED

1 2

3.60000D0 05 3.60000D Q05

" NAME H DIMENSION 25 USEC
1 2

1.600000~02 6.000000-03

-1.C00000 00 3.00000n-03

9.700000-02
-1.00000D0 00
1.200000 01

_._3.40cC00C-02
8.00000D0=-01
5.80000D 00

Fig, 5A.
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18 STARTS AT
3

3.500000 06
-1.0C000D0 00
. 3100000 07

0.0

4 STARTS
3

AT

1.000000 18

45 STARTS AT
3

[~ X -NeoNoNoN-NolN.]
OCoCooooO0OOO

S STARTS AT
3

~1.00000D 00
9.00000D 11

4 STARTS AT
3

1.8C000D-01

4 STARTS AT
3

5.0C000D 05

23 STARTS AT
3

9.0C0000-05
=-1.000000 00
4.3C0000-02
8.000000-01
3.000000 01

4
4.900C00 07

-1.000CC0 00
2« 700€CC 07

21
4
1.000CCD 18

26

COOOCOOOO
e 0 0 & b o 0 o
OCOO0O0O0OOOC

-
(-

4

1.000CCO 11
1.000CCD 11

86
4

1. 800CCC~-03

91
4

%.000CCC 05

96
4

l.900cCCLC~02
=-1.C00CCD 00
4.700CCC~-02
-1.000CCD 00

5
5.2CC00D 07

1.10000D0 07
1.800000 07

5

~1.€0000D 00

5

3.000000-03
1.400000—-02
4.CC000D-02
~1€00000 ©C

List of Parameter Values Used in Calculation .



VALUES IN ARRAY V

NAME K DIMENSION 25 USED
1 2

1.200000-17

-1.00000C 00

2.000000-17
1.500000~-19

o 5.000000-18 _ 4.Q0000D0-18 .

4.400000-18 -1.00000D 0O
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23 STARTS AT
3

1.500000~-17
-1.0€0000 00
450000018
1.100000-20

121
"

1. 500CCD~11
-1.000CCC 00
3.500CC0-18
-1.C00CCD 00

146
4

9.000CCD
-1.000CCD
6. 700CCD

14
0o
14

166
4

0.0

176
4

1.000CCD
-1.000CCC
2.000CCD

196
4
1.000CCD 00

201
4

202

4.500000-20 5.100000-20 4.800000-20
NAME P CIMENSION 20 USED 15 STARTS AT
1 2 3
.100000 15 6.70000D0 14 9.000000 14
-1.000000 00 -1.000000 00 ~—1.000000 00
1.800000 14 9.000000 14 1.8C000D 14
NAME R CIMENSION 10 USED 5 STARTS AT
1 2 3
5,800000 17 0.0 0.0
NAME T DIMENSION 20 USED 15 STARTS AT
1 2 3
T T 1.300000 01 1.300000 01 5.000000 O1
-1.00000D0 00 -1.000000 GO -1.000000 00
1.300000 01 1.000000 00 2.00000D 0O
NAME W CIMENSION S USED 4 STARTS AT
2 3
1.000000 06 1.000000 00 1.000000 00
NAME M CIMENSIONMN 1 USED 1 STARTS AT
1 2 3
' 1.120000-06
NAME U DIMENSION 1 USED 1 STARTS AT
1 2 3
 1.000000 02
Fig. 5A. (Continued) .

- 1.€0000D

5

1.4C0000-117
3.4€0000-18
4.€00000~-18
-1.€00000 00

5

-1.€0000D 00
1.100000

3.500000 14

.0

5

-1.€00000
1.30000D

00
01
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I TERATIVE SOLUTION FOR CC

NCC ccl cCcL cCX
0
1 2.52116D 10
2

2.52116D 10 5931310 10
5.74238D 10

+H

2.52116D 10 5.74025D 10

5.74012D 10
ITERATIVE SOLUTION FOR CCT
NCC cCl ccL CCX

0 1.00000D 10
1

Fig. 5B. Output from Iterative

RFX

3.47462D 17
~2.91224D0 17
1.623790D 16
1.92741D 14
1.13535D 13
1.02747D 08

RFX

-4.71400D0 17
4.33784D 16

Calculations.

cc2
1.000000 11
1.00000D 11

5.74238D 10

cc2

5.74012D 10
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OUTPUT SUMMARY

STEAM SYSTEM
FLOW OF H + T INTO STEAM SYSTEM
FLOW OF T INTO STEAM SYSTEM
FLUW OF H INTO STEAM SYSTEM
FRACTION OF T INTO STEAM SYSTEM

SECONDARY SYSTEM
FLOWS
H + T INTO SECONDARY FROM PRIMARY
T INTO SECONDARY FROM PRIMARY
H « T THRU PIPE WALLS INTO CELLS
T THRU PIPE WALLS INTO CELLS
SORPTION BY SINK
H +T
T
HF
TF
REMOVAL BY PURGE
H+ T
T
HF
TF
FRACTION OF T
PASSING THRU PIPE WALLS
SORBED BY SINK AS T
SORBED BY SINK AS TF
REMOVED BY PURGE AS T
REMOVED BY PURGE AS TF
CONCENTRATIONS IN SECONDARY SALT
H +« T (CC)
T (CCT)
HF (CCF)

PRIMARY SYSTEM
FLOWS
H + T THRU WALLS INTO CELL
T THRU wWALLS INTO CELL
SORPTION BY SINK
H+ T
T
HF
TF
REMOVAL BY PURGE
H+T
T
HF
TF
FRACTION GF T
PASSING THRU WALLS INTO CELL
SORBED BY SINK AS T
SUORBEL BY SINK AS TF
REMOVED BY PURGE AS T
REMCVED BY PURGE AS TF
CONCENTRATIONS IN PRIMARY SALT
H +T (CF)
T(CFT)
HF (CFF)

Fig. 5C. Output Summary.

1.710720 17
1.76310D 17
-5.238000 15
3.03983D0-01

2.38501D
24390470
6.226260
5.79300D

[eNeoNoNe
. o 0
[eNeReNa]

15
15

5.16611D
4.80662D
0.0
0.0

9.98793D-02
0.0
0.0
8.28727D-03
o.o

10
10

5.74012D
50340690
0.0

15
15

3.68436D
3.67847D

4.451300
4.444190D
2.328070
2.32435D

16
16
17
17

5.136120
5.12791D
9.133210
9.118610D

16
16
15
15

6.342190-03
T.66233D-02
4,007500-01
8.84122D-02
1.57217D-02

2.85340D 11
2.848840 11
1.49235D 12
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A t 1., 3)

~— —-120000C 06 _1.000000 06 71.00CCaD 06
A (13,13)

6.200000 Q7

Fig. 5D. Output Produced by "CHANGE" Command.
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VALUES IN ARRAY V

MNANE A DIMENSTON 20 USED 18 STARTS AT
1 2 3
1.200000 06 1.00000D0 06 7.000000 06
-1.€00000 00 5.200000 67 -1.00000D 00
o _B.80000D 06 4.900000_07 . 6.200000 07
0.0 -1.000000 00 0.0
NAME B ODIMENSION S USEC & STARTS AT
1 2 3
o 3,.6€00000 21 _ 3.000000 21 . 1.0C000D 18
NAME C DIMENSION SO USED 45 STARTS AT
1 2 3
7.94414D 07 6.585480 07 1.620350 05
0.0 __1e622450-05_ (0,0 L
2.996290 09 2.87318D 11 6.774C80 08
4,061490 02 0.0 0.0
2.038670 10 9.001530 11 1.000690 11
0.0 0.0 0.0
0.0 0.0 0.0
- 0.0 0.0 o 040 _
0.0 1.055700 11 3.167720 08
LAME CN  DIMENSION 10 USEC 9 STARTS AT
1 2 3
32118030 11 1.560020.12 = 2.901430 11
5.435520 10 2.000000 10 9.000000 11
NANE DIMENSION 5 USEC 4 STARTS AT
| . 2 3

—  5.€00000-01 1.700000-Q2 __ 1.800Q00-01 .

NANME F OIMENSION 5 USED 4 STARTS AT

1 2 3
3.600000 0S5

3.600000 05 5.000000 G5

NAME H DIMENSION 25 USED 23 STARTS AT
1 2 3
1.600000-02 6.000000-03 9.000000-05

-1.000000 00 3.000000-03 -1.0C0COD QO

— 3.,400000-02 9.700000-02  4,300000-02
8.000000-01 -1.0000C0 CO 8.000000—-01
5.80000D0 00 1.200000 01 3.00000D 01

Fig. 5E. List of Parameter Values Used
"CHANGE" Command.

4

07
00
07

4« 900CCD
-l.000CCD
2.700CCD

21
4

1.0G0CCD 18

26
4

7.73273D
0.0
l.3795¢&C
0.0
0.0
0.0
2.86783D0 10
0.0
4. 74591C

10

1C

08

76
4

. 5«2842CD 1C
l.000CCC 11

86
4

L. 8Q0CCLC-03 .

91
4

5.000C0D 05

S6
4

1.900CCD~-02
-1l-.000C0C 00

4.700CCC-02

~1.C0CCCD Q0

5

5.200000 07
1.10000D0 07
1.800000 07

5

€.544380-09
6.13618D OB
1.41313D 0s
0.0

0.0
C.C
C.C
0.0
lel

65100 08

5

3.000000~-03
1.400000-02
4.C0000D-02
-1.£00000 0Q

in Calculation After



VALUES IN ARRAY V
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cc
18
00

14
00
14

0o

00

00

"MAME K DIMENSIOMN 25 USED 23 STARTS AT 121
1 2 3 4
1.200000~-17 2.000000~17 1.500000-17 1.500CC0~-17
~1.000000 00 1.50000D0-19 =-1.000000 00 =-1l.C00CCO
. 5.000000-18  4.000000-18 4.500000-18 3.500CCC-
4.40000C-18 ~-1.000000 00 1.100000-20 =1.000CCO
4.500000-20 5.100000-20 4.800000-20
NAME F DIMENSION 20 USED 15 STARTS AT 146
1 2 k) 4
~ 2.100000 15 6.700000 14 9.000000 14 9.00000D
-1.000000 00 -1.000000 00 -1.000000 00 =-1.000CCD
1.800000 14 9.000000 14 1.800000 l4é 6.700CCD
NAME R CIMENSION 10 USEC 5 STARTS AT 166
X2 3 4
5.800000 17 0.0 0.0 0.0
NANE T OIMENSION 20 USED 15 STARTS AT 176
1 2 3 4
 1.300000 01 1.30000D0 01 5.00C000 01 1.000€CD
-1.€00000 00 =-1.000000 00 -1.000000 Q0 -—1.000CCC
1.300000 01 1.0000CD 00 2.000000 00 2.000CCE
NAME W DIMENSION 5 USED 4 STARTS AT 196
) ol 2 3 4
1.€00000 00 1.000000 00 1.000000 00 1l.C00CCE
NAME M CIMENSIGN 1 USEC 1 STARTS AT 201
1 2 k) 4
1.12000p0-06 -
NAME U DIMENSION 1| USED 1 STARTS AT 202
1 2 a 4
o 1+000000 02 . _
Fig. 5E. (Continued).

5

1.400000-17
3.40000D-18
4.CC000D~-18

-1.€00000D

5
-1.C€0000D

1.10000D0
3.500000

C.C

5

-1.€0000D
1.300000
1.€0000D

ocC

oc

14
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ITERATIVE SOLUTION FOR CC

NCC cCl CCL cCXx

0
1 3.241680 10
2 3.241680 10 4.44522D0 10
4.419060 10
4 3.24168D0 10 4.419000 10
I TERATIVE SCOLUTION FOR CCTY

NCC CcCl CcCL CCX

0
1 2.6727T70 10

RF X

1.440890D
-1+339230
2.91408D
6.331820
1.41909D

RFX

1. 74565D
-2.023750D

17

15
12
11

17
17

cc2
5.74012D 10
5.740120 10

4.41906D 10

cc2

5.34069D 10

Fig. 5F. Output from Iterative Calculations With New Parameters.
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OQUTPUT SUMMARY

STEAM SYSTEM
FLOW OF H + T INTO STEAM SYSTEM
FLOW OF T INTO STEAM SYSTEM
FLOW OF H INTO STEAM SYSTEM
FRACTION OF T INTO STEAM SYSTEM

SECONDARY SYSTEM
FLOWS
H ¢+ T INTO SECONDARY FROM PRIMARY
T INTO SECONDARY FROM PR IMARY
H + T THRU PIPE WALLS INTO CELLS
T THRU PIPE WALLS INTO CELLS
SURPTION BY SINK
H +T
T
HF
TF
REMOVAL BY PURGE
H+T
T
HF
TF
FRACTION OF T
PASSING THRU PIPE WALLS
SORBED BY SINK AS T
SORBED BY SINK AS TF
REMOVED BY PURGF AS T
REMOVED BY PURGE AS TF
CONCENTRATIONS IN SECONDARY SALT
H+ T (CC)
T (CCT)
HF (CCF)

PRIMARY SYSTEM
FLONWS
H + T THRU WALLS INTO CELL
T THRU WALLS INTO CELL
SORPTION BY SINK
H +T
T
HF
TF
REMOVAL BY PURGE
H+ T
T
HF
TF
FRACTION OF T
PASSING THRU WALLS INTO CELL
SORBED BY SINK AS T
SORBED BY SINK AS TF
REMOVED BY PURGE AS T
REMOVED BY PURGE AS TF
CONCENTRATIONS IN PRIMARY SALT
H + T (CF)
T(CFT)
HF (CFF)

Fig. 5G.

1.858510 17
1.899890 17
~4.13811D 15
3.27568D-01

2.380320 17
2.384640 17
4.82035D 16
4.47799D 16

[eNeNeNe]
¢ o 0
OCOoO0QO

3.97710D 15
3.69463D 15
0.0
0.0

7. 720670-02
0.0
0.0
6.370060-03
0.0

4.419000 10
4.10515D 10
0.0

7.26328D 15
7.254100 15

4.38759D 16
4.382050D 16
2.31135D 17
2.30843D 17

5.06261D 16
5.05621N0 16
9.06761D 15
9.05616D 15

1.25071 0-02
T.55526D-02
3.980060-01
8.71760D-02
1. 561410-02

2.812560D 11
2.809010 11
1.481640D 12

Output Summary (New Parameters).



ERRCR -

UNRECOGNTI ZEC INPLT

. CARD IMAGE IS 1 2 k] 4 S 6 7 8

17345678901 2345€6785012345678901234567ESC1234567890123456789012345678901234567890
ZILCH

Fig. 5H. Response to Unrecognized Command Card.

29
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" NCRMAL STOP — ALL CATA PRCCESSED

IHCCO02I STaP 0

Fig. 5I. Normal Ending Message.
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APPENDIX

PROGRAM LISTING



LFVFI

1SN
1SN
1SN
1SN

TSN
TSN

TSN

SN
1SN
TSN

TSN

1SN
TSN

SN

1SN
1SN
TSN

1SN
TSN
TSN
1SN
1SN
TSN
1SN
TSN
iSh
ISN

TSN
TSN
1SN
TSN
TSN
1SN
1SN
ISN

(SN
ISN
1SN
1SN
TSN
1SN
ISN
ISN
TSN
TSN
1SN
1SN
1SN
1SN
1SN
1SN
TSN
SN
TSN
1SN
1SN
[SN
TSN
TSN
1SN
1SN
TSN
1SN
TSN
1SN

21.6

COMPILFR CPTINAS —~ NAMF=  MAIN.UPT=DZ,

nao2
0003
0004
0nos

0006
0007

0008

0009
0010
ool

00t

0013
nols4

0015

0016
o017
o018

0020
0022
002%
6025
0026
00217
0029
00130
0031
0032

0033
0034
0035
nole
nol7
6038
0039
0040

0041
0043
0044
0046
0047
00498
0050
0051
0052
0053
0054
0055
0056
00s7
00S5R
0659
0060
0061
0062
0064
0065
co6?
0068
0066
0070
0071
o012
0073
0074
0075

Ao nADADN

nan

)

o

o

tc

tc

1C

?

?

1t
il

11

1?2

1c

12

12

13

(nec. 12y

i

2

0

4

w

~

)
1

0
4

5

ol

-+

6

1

~

~

5

w

=)

w

3

1

1

1
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0S/360 FORTRAN H
LIN T265,S{ZE20000K,

SOLRCELEBCDICNULIST,

TMPLICTY REAL®E {A~H, 0O-1)

REAL®A K.V

REAL®4 hALL FCUT HLRAeHPRT s HCHAL,FRES. FRUN(HBLKFTEECARD

DIMENSTICN A(204+ BUS)e CUL50). CNL1C)s EUS)e F{5)e H{25).
KU25)e FU20), RUMOD. TE20). W5}, CARC(20), VALUIT)

DIMENSICN CU50)

FCUIVALENCE (ALl)evilide (BULDevE21))s (CCLD,VL260),
TCATI)oVETO e LELLDVIB6))e (FLILDeVITIB)alHULDVISO) ).
(KEL) oV (12000 (PELIeVILL6)De (REDI,N(166))s (TULNWVILTO)D
(Willev(166)), (MoVI2010)e (LovI2C2))

FOUIVALFNCE (CNUL)oCFle C(CNE2).CFF)os ICNI3)CFT)s (CN(4},CCHy

[CAIS)eCCFIs (UNEBDeCLTIe {CN{TICSGhy (CNIBILCSSIe (CN(SICSR)

COAMMON/RLK2/ TAe 1OUT. TPRs KCLT, XPR
CCMFMCN /PLKL/ vi250)
COMMCN/BLKY/ T0IM(20). [USE(ZC)e NM(2C), IBEGL2C)s NMCALLC).,

AVARLACN
DATA FALL/4HALL /+HUUT/9HUUTP/oFCRE/4FCRBF/ JHPRT/4AHPRIN/,
HCFA/4HCHAN/ o HRES/4HRESE/o FRUN/4FRUN 7 oHBLK/4H /

NATA XCLLG/2.3007 oHIEE/ 4HT /
DATA CTICL/1.C-7/, TTUL/L.D-T/

CTOL ANC TTGL ARF THE CONVERCENCE TOLERANCES FOR CSCLVE
ANC TE RESFECTIVELY.

PAIN PRCGRAM FUR CALLULATICN OF MSER TRITIUM FLOW

SET LP REFERENLE VALUES TN WORKING ARRAY V
Catl SETREF{FPLK)
AFAD A CAKD AND CHECKR FOR INSTRLCTIONS

RFACHING1.ENC=997) CARD
FCRFAT(2044)
TF(CARDEL) .NFoHOUT) GU YD 120

SFT CUTFUT UNIT NUMBERS

TELCARD(3) .NFahALL) GU TO 115
IF{CARO{4).NELHLRB) GO TO 105

KAUT=1CLT

KPR=1CUT

GO 70 100

TFUCARDI4) JECHPRT) GO TOU L1C
WRETELKCLT2)

FORMATL(® CLTFUT NOT SPECIFIEC CCRRECTLY')
WRITFIKCUT420) (lel=1s8)¢ CARL

FNRMATI® CART IMAGE IS*elXeB(9XIL)/15X 8U10HL23456789001/15X,2044/

ix)
WRITF{KCUT,21)
FORMAT(* ALL CUTPUT TU SUMMARY LNIT*)
6C TC 1Cé
KCUT=§F§
KPR=[PR
GD TC 100
KCUT=JCLT
GN IC 114

CHFCK FCR THANGES LN WORKING VALUES

TELCARDIL) JANELHCHA) GO TO 135

CALL MATCH{CARUI ) eNMoNVARONK}
TFEAK.MELO) GC TU 125

CALL MATCHICARUI3) « NMCNoNCNSANC)
TF(NC.NFLO) GC TD 121

WRITEINCUT +4)

FORMATL' FRRCR IN CHANGE SPECIFICATIONS')
WRITFUKRCUT«20) {loimlead)e CARL

GO 10 100

RFAC{IALT) vaLUlL)

FCRMAT{EL10.0)

JSIREGI&)¢AC-1

vid)=varull)

WRITF(XCUT12) CaWDI(3) vALULL)
FCRMAT{ X, BeelPELGLS)

60 TC 1c0

RFAC(TINeI} NloN2.VALY

FORMATI(213«7E10.0)

TFIMLFCL0) GC TU QOO

J=IRFGIAK)}=-14NL

TF(N2.FL.0) N2=NL

L=1

N0 130 A=N1eA2

ViJi=vaLulL)

1=L+1

J=J4l

CONTINLF

NV=A2=N1¢1

WRITEAKCLTo13) CARDE3)NLoN2y(VALULL oL =loNV)
FCRMAT (DX o A4 ot (*el2¢%e e l2e® ) /711X]IPEELGLS))

ECN
NCCECK.+LCAC,NOMAP  NOEDIT +AOILCNOXREF

DAYE

T4.3C4/09.17.44
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GC TC 125
CHECK FCR BESET - PUT REFERENCE VALUES BACK INTO V

TFICARDLL) NELHHES) GU TO 15C
TFICARO{3) .NELHBLK) GU TO 131
CALL SEVREF(CARDI{I)

G0 TC 100

MAME AOT PLANK — TEST AGAIRST NV ARRAY

CALL MATCH{CARD{3) ¢NMsNVAR,NK)
TF{AK.NELD) GC TO L3

AO MATCF FOUND IN NM =~ TRY MMCN

CALL PATCHCCARO(3)+NNCNeNCNs ()
TFCAC.AELO} GO TO 136

WRITE(KCUT.5)

FORPAT(® ERRCR IN WESET SPECIFICATIONS*)
GC TC 1G6

CHECK FCR PRINTY

{F{CAROU1).NELHPRT) GU TO 15%
IF{CARC(3) LNE.HBLK) GU TD 152
CALL LCCK(CARD(3))

60 T0 100

MAME NCT BLANK = TEST AGAIANST NV ARRAY

CALL MATCHUCARD{3) «NMoNVARJNK)
IF{AK.NELO) GC TO 151

AC MATCH FCUNU IN NM - TRY AFCN

CALL PATCHICARDL3) +NMCNINCNGAC)
TFINCLAE.O) GC TD 151

WRITE{KCUT,.B)

FORPAT{® ERRCR IN PRINT SPECIFICATIONS®)
G0 TC 1C6

TFUCAROI1).FC.HKUN) GO TO 160
WRITE(KCUT +6)

FORFMAT(® FRRCR — UNRECOGNIZEL INPLT*)
GO0 TC 106

KTRY=]

ISwW=l

NCC =0

CC2=0.00

CHFCK FCR FAJLURE TU SET CC ANC CCT

TFICC.LE.0.D0) CC=1.D11
IF{CCTLLEL.O.CO) CCT=1.DL0

FRIAT WCAKING ARRAY V ON LIMNE PRINTER

KSAV=KCLT
KDUT=1FR

CALL NEWPG
CALL LCCKEKBLK)
CALL NEWPG
KOUT=KSAV

GG TC 2CQ

GEY C(18)+ CCF. Q(18) AND C(19)}
ECS. 194A.+B, 20, 218

Ci{l1r}=0.00

CCF=0.CO

at(18)=0.C0

0(19)=0.C0

CALL MEWPG

TF{R(5) .EC.0.D0) GO TU 205
FF=F(4)9E(4)

HA=h{18)*A(18)

FEPH=HA+FE

Bu=Rl4)9n{4)
BFSCx{AR®FEPH/IFESHLLB) ) )es2ok18)
ALFA=R{S}/FE
CL18)=ALFA®®2/(ALFA+.5DU*BESC* (1.DC4DSCRT(1.00¢4,CO®ALFA/BESQI})
O(1A8)=PW®A(4)%0SORTIC(18)*K{18))
CCFa{R(S)I+FARC{13))/FEPH
QU1G)=CCFeFE

CONTINLE

REGIN CALCULATION OF QUANTITIES DEPENCENT ON CC
GET C(1C). CC1L)s O(10), CHID)
FOS. 112,R¢ 124A.B

NCC=NCC+l
TF(NCC.LE.50) GO TO 301
WRITE(KCUT«35) HALK
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FORMAT(® F2ILURE IN SULUTION FCR CC*.a1)
GO 10 1¢0

DO 305 I=1C,11

ALF A=W I)S(PUII/LT(I)SHIL)}))*e2

CAM L COUACHCC ALFALCLIY)

QUI =P (I)®ALT)*DSURTI{KIII®CEINI/TLL)
CONTIAMLE

GET Cll6)e Cllo) — EQS. 174.8

BW=P(3)en(2)
ALFA=X{16)%{EN/H{16))I%e2

CALL CCLAD{CC ALFALCLLG)D
O(16)sBR*A{16)SUSURTIK(L6I®CL16))

GET Cl17) ~ EQ. 18
Ol17)=F(3)*EL{3)eCC

GEY Cl13). G(13): Cll4)s CU14), CL15), Ot15)
ECS. 142.E, 22A¢ 19A¢Be 2344 16A,Bs 24A

IGACF=0

CALL CSCLVEICCoCSGoPEI3)eT{I3der(120.F021)0K(13),K(21),CTCL
1 IGCCF.C13).Ct21))

IFCIGCCFLLELO) GU TO 32u

K1=z13

K2=21

€2=CSG

WRETFIKCUT30) KleK2

FCRMATI® FAILURE IN SULUTION FCR C(*y12.%) AND CU*4124%)%)
160{fF==1

CALL CSCLVE{CC.C2ePIKI)eTUK]I)oFiKL)oFIK2)sKEKL]sK{K2}4CTOL,
1 IGCCF.CI(K1).CiK2})

GO0 In 100

CALL CSCLVFLCCCSSeP(La)aTi1aderi1a8)oF(22)sKl14)eKI22),CTCL,
1 IGCCFCtLladaC(224)

TFUIGCCFLLELQ) GU TO 925

Kl=14

K2=22

C2=CSS

GO 10 315

CALL CSCLVFUCCOCSRePULISIoTELS)o {1 Do FL22)eKI15)oKE23),CTCL,
1 IGCCF.CL15)CE230)

TFUIGCCFLLELO) GO TO 330

Kl=15%

K2=23

C2=CSR

GO TO 315

Cl13)eC(21)enl14),01(22).0015).0(23)

DO 335 [=13.15
CUli=H{I)*aCI)e(CC~CLL))
QEB+I1=-Cl D)

CONTIALF

GET Ci12), Cle) AwU Cl12) - EQS. 21A. 134,.8

QUi2)=RI3I+R{4)I-WIILI-0I1]1}~-CL12)-C(142-0(15)-Q(26}-0C17)
04 1==C(12)

COL21=CC=Cll2}/EHi12)%Al4))

IF{C{12).67.0.00) GO TO 340

1c=12

WRI TE{KCLT.80) NCC HBLK.CC, IC.CHLICH

FORMAT{INGI3 " CLTeALle?® =%, IPE14.5e" ((*,12,%) =',E14.5)

IF C(12) 1S NEGATIVEe AQJUST CC ANLC TRY AGAIA
LC=CC+0C

SEE IF AN UPPER LIMIV {CC2) wWAS FCULNC.
IF ST, CO AOT EXCEED IT,

TFICC24.EC.C.CO) GO TO 300
TFECC.LT.CC2) GO TU 30U
CC=C.5D0%(CC240.5000CC)
GC 1C 300

GET CL4) BND Cr - EOS. 13A+8s 44,8

CReIa(DSCRI(KEIZINCALZII=QUL12)9TI4)/IP(4)%AL4)))*92/K(4)
CF=C{4}-Cl12)/{Hl4)eAL4))
IF(CF.GT.0.C0) GO TO 500

IF CF IS NEGATIVE. AUJUST CC ANC TRY AGAIN

WRITE(KCLT «81) NCCoHBLKeCCoPEBLKWSCF

FORMATULXoI34® CCPoALe® 34, JPEL4LSe" CF'sALe* =*,El4.5)
GO TC 336

IFIKTRY AELL) GO TO 501

RF1=0.CO

RF2=0.01C
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KTRY=2
NCC =0
WRITE(KCUT+SCIHRLK

S0 FOCRMAT(® [TERATIVE SOLUTIGN FCR CC*,A)/1EX/

i

¢ ACC 06X e COL el lXo COL e L1 X COX N IN RFX o 11Xs°CC 2/ 1X)

BEGIMN CALCULATIUN UF QUANTITIES CEPENCENT ON CF
GET Cll)e Cl2)s Ct3)e Qil)s ClL2), CUDI}
EQS. 14,8, 2A.8, 3A.8

5C1 DC 505 I=1.3

5C5

5%

510

56

515

SiL6
51

52¢C

530

53

w

ALF A=kt TIS (P U /LTLLISHIT)) )02
CALL CCUABICF,ALFALCLIN)
O(I)=P{1)*ALT)®DSORTIK(II®CLI)I/TLT)
CONTINLE

GET CU5)e CiD) -~ EQS. 54.8
Aw=P{Ll)owl])
ALFA=K(5)®(Bu/H(5))%e2
CALL CCULADICFL,ALFALCIS))
O(5)=BRsA({SI*DSCATIK(S)I*C(54)

GFT Cl6) -~ EQ. &
Ol6)=F(1)I%E(]1)elF

CET CFF - EC. 10
CFF=MsLODSCRT(XISISCFI/KLT)

CEY C(7)e CUTY - EUS. T2,
Rw=P{2)oniz)
ALFASK (7)) (Bu/HIT))Iwe2
CALL CCLADICFF ALFALCITH)
O(T)=BR*A{T)SDSCRTU(KITI®CITY)

GET CI(8) - EC. 8
QU8 )=F(2)2EL2)¢CFF

CALCLLATE RF FOR EQ. 9
RSUF=R{LI®RL2)
RF=CLIGCE2)0C(3)+0 () #0153 4C(6)+Q(T)20(E)-RSUM
TE=RF /RSUM

TEST CCAVERGENCE
TFIDABSITE).LT.TTAL) GO TO 7¢C

ACT CCAVERGFD - CHECK KVRY TD SEE wHAT NEXT
IFIKTRY.AFL2) GU TO 540

KTRY=2 PEANS PKELIMINARY SEAACH FGR CCL AND CC2
WHICH BRACKET THE ANSWER

IF (RF.CT.0.C0) GU TO 510
cCl=CC

RF1aRF

WRTTE(KCUT 55) MCC.CCLsRF1
FCRVAT{IXo 13, 1PE14050cBXe E1405)
GC 10 515

cc2=cC

RF2 =RF

WRTTE{KCUT 56) MCCoRF2.CC2
FORMAT(1Xs13.42Xe 1P2E1445)
IF(RFI*RF2) 530.520.516

RF1*RF2 PCSITIVE SHUOULD NEVER HAFFPEN - SOMETHING WRCNG
WRTTE(KCLUTW51) HBLK
FCRPAT{® RFL®RF2 POSITIVE - SCPETHING FCULED UP IN CC® oAl
GO TC 1Co

STILL LCCKIAG FUR ONE LIMIT = ACJUST CC AND TRY AGAIN
KEEP ADJUSTMENT FACTOR LESS THAN 1CQO AND GREATER THAN ,O1

TEXCLG=TE®XCLCG
TF{CABSETEXCLG)aGTo426D0) TEXCLC=DSIGN{4.6D0TEXCLG)
ADJaDLCGICC)-TEXCLG
CC=CEXPIACY)
GG 10 300
RF1%RF2 NFGATIVE - ANSWER ERACKETEC
KTRY=3
INVFRSE LIMEAR INTERPOLATICA

CCL=(RF1%CC2 - RF2OCLLI/(RFI-FFZ)
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KTRY=4

1FUISw.EC.2Z) GG TU 9237
CC=CCL

GC 1C 3co

ccr=ccL

GG 1C 7C5

TF{RTRYLECLI) GU TO 535
TFOKTIRY (NEL4) GG TOD 555

KTRY=4 PEANS INVEMSE LINFAR INTERPCLATION HAS BEEN
CCPFLETED AND RFUCCL) CALCLLATEC

WRITE(KCLT¢52) NCCoCCLeCCWRF,CCZ
FORFAT(IX, I3, 1P2E14.5.14X.2E14.5)
RFT=RF

INVEFSF CUAURATIC INTERPCLATICN

D1=FF1-RFT

N2=kF2-FFT

D3=C2-n1

COX2CCLORFI*FF2/ (DL*DL)~CCLI*RFTSRFZ /(L 19D3)+CC2%RFLI*RFT/{D2%03)
IF{CCXaLTLCCLY GU TU 545
TFECCXCTLCC2) GO TA 545
KTRY=5

1FLISRLEC.Z) GO TU S44
cC=CCx

GC TC 3C0

CCr=CCx

GC 1C 1C5

IFIRFTLLT.0.CCH GO TU 550
€C2sCCL

RF2sRFT

GO0 10 520

car=cct

RFL=RFT

6C 1C 520

KTRY=S PEANS INVERSE QUACRATIC INTERPOLATION HAS BEEN
CCMPLETED AND RFICCX} CALCLLATEC

TFEKTRY . NFL5) GO TO 585
RFX=RF

WRITE(KCUT 53} CCXeRFX
FCRMATUIZ2X 2 1F2EL4.51

TEST RFT AKD RFX T SEE wrAT NEW LIMITS ARF

TF(RFX.CT.C.CQ) GO TQ 570
IFLRFT.5T.0.C0) GU TO 565
IF(DABS{RFX).GT.0ABS(RFTI) GC TC 5%0
CCr=CCx

RF1 =RFX

GO 10 53¢

€c2=CccL

RF2=RFT

GC tC 560

IF(RFT.LT.0.CO) GO TOU 580
TFIRFXLCTLRFTY GO TO 565
CcC2=CCx

RF2 zRFX

GC TC 530

CCi=CCL

RFL=RFT

GO 10 575

WRLTE(KLUT54) KIRY

FORMATE® KTRY =4,14/* FRROR')
Ge TC 100

CALCLLATICN OF TRITIUM DISTRIBUTICA - CCT SET BY
CHAMGE INSTRUCTIUN

KTRY=1
1Sw=2
NCC 1=0

GET C(4C) AND Qlel) - EOS. 34 ANL 35

NCC TaNCC(T+1]
fFINCCTLLELS50) GU TQ 706
WRITE(KCUT+35) HTEE

6C 1C 100

RATIC=CCT/CC
QlaCh=R2TIC*CLIW)
Qi{41)=RATIC*C{L L)
OSUF=CL41)+4C(40)

GET Cl&43),Ct44)eCL45)a0l433,C144).C145) - EQS. 374,B, 38A,8, 39A.8

DC 710 I=43445

J=1-30
TC=TLJISCSCRTICIJI/KEDD D
HICCP=TCOH(J)/PLI)
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CH{I)=sCCY®rTCCP/ (L. DU+HICOP)
QEId=F{JhealI)eClLN/TC
QSUM=C(T}+CSUY

710 CONTINUE

GET Cla6) THRU Wi49) — EQS. 40 THRU 43

DO 715 I=46449
0{1)=C(1-30)%RATIO
asursCtIyeCSUM

715 CCNTINLE

GET Cl42) AND U{34) — EC. &4 — MATERIAL BALANCE

Ol4e2)=Fi3)-CSUM
Q1341 ==Cl42)

CFT Cl42) —-EG. 36A — CHECK FCR POSITIVE

Cle2)=CCT-Cl42)/IHEL1Z)%ALS))
1F(C(42).GT.C.DU) GO TO 725
1C=42
721 WRITE(KCUT 480) NCCToHTEE«CCT IC.CLIC)
720 CCT=CCT+CCY
6C 1C 708

Cl42) FCSETIVE - GET C{34) - EQ. 288 - CHECK FCR POSITIVE

125 f(lbl-(C(bZl/ESURT(CIlZD/K(lZl)—Ilﬁ)'C(ﬁZl/(P(&l‘l(h)ll'DSOR‘(C(A’
$/K(4))
IFIC(34).GT7.0.C0) GO TO 730
1C=34
GO 10 771

C(34) PCSITIVE = GET CFT - EC. Z8A - CHECK FCR POSITVIVE

730 CFT=C(34)=-Cl42)/(Hisd*Al4))
IF{CFT.GT.0.} GG TD 735
WRITE(KCUT81) NCCToHTEESCCToHTEELCFT
GO T1C 72C

CFTs CL34) ANU Cl42) ALL FCSITIVE - CHECK KTRY
FOR MEXT STEP

IF{KTRY.AELL) GU TO 750
KTRY=2
RF1=0.0C
RF2=0.CC
MCT=0
WRITE (KLULT,50) HTEE
750 RATIFsCFT/CF
oTsr=0.L0
po 755 1=31.38
TF(1.EC.34) CC TU 755
Q1 )1=RATIF*Q(I-30)
755 QUSk=CTSPeCll)
RF=CTSP=RL1)
TF=RF/R{))
IFUFARS(TE).LT.TTULY GU TG 9CC
IFCKTRAY (AFL2) GO TD 790
[FLRF.GTL0.00) GU TD ToU
cCr=CCT
RF1 =RF
WRITECKCLT 553 NCCT.CCL4RFL
GC T1C 7&5
760 CC2aCCY
RF2 2RF
WRITE(KCLT+56) NCCTeRF2.LC2
765 IF{RF1%RF2) 530,770, 766
766 WRITE{KLUT.51) HIEE
Ga TC 100

73

w

STILL LCCKING FUR ONE LIMIT = ACJLST CCT AND TRY AGAIN
KEEF ADJUSTMENT FACTGR LESS THAN 100 AND GREATER THAN .01

770 TFXCLG=TFexCLCG
IFUCABS{TEXCLG).GT 44600} TEXCLE=CSICNI 4,600, TEXCLG)
ADJ=CLCCICCTI-TEXCLG
CCT=DEXF{ACID
60 10 7C5
IFIKTRY.ECL3) GU TO 535
IF(KTRY . NEo4} GO TO 795
WRT TE(KCUT +52) NCCToCLL1eCCT,FFoCC2
60 1C 542
795 IF{KTRY.NFLS) GO TO 585
GC TC 556

a

5

FLTPLT SECTION
SUMFBRY OULTPUT TO UNIT KOUT

900 CALL NEWPG
WRITE{KCUT «92)
G2 FCRMAT(® OLTPUT SUMMARY'/1X)
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PAGE
ISN G427 OKTSS=C(13)¢Cl14)+0(15)
TSN 0628 0155=C{43)e0(44) +0L4S]
1SN 0429 OHS SxCFTSS=QTSS
ISN 0430 RSUM=1.C0/{R(13+R(3D)
1SN 0431 FRTSSzRELWOCTSS
ISN 0432 WRITE [KCUT 497} QHTSS,0FSS.CHS S, FRTSS
1SN 0433 $3 FORMATI® STEAM SYSTEM?/5X.*FLCh CF H ¢ T INTO STEAM SYSTEM?',
1 LPEL6.5/5Xe'FLOM LF T INTO STEAM SYSTEM¢,F20.5/5X,*FLCn CF H *,
PUINTO STEAM SYSTEM®.£20.5/5X, *FRACTION OF T INTC STEAM SYSTEM!,
3 FLeE.S5/71x}
TSN 0414 ORTEheCI10beCTLl)
1SN 0435 OTPw=C(40)+Ci41}
1S58 04136 FRTPR=CTPWEeRSUNM
TSN 0437 FTISSK=C{46)*RSUN
1SN 0438 FRTSF=C(48)%RSUN
1SN 0439 FRRFT=C(47)®RSUM
TSN 0440 FRRPFC(49)*RSUM
ISN 0441 WRITE(KCUT o949 O{4)s0034) s0hTFneCTPReCI1E)Ql46),0(18)4CL48),
1 OL1T)eCl47) +Ci191eQ(49) ¢ FRTPW,FTSSKsFRTSFoFRRP T, FRRPF
ISN 0442 WRITEIKCUT +95) CC.CLTLCLF
TSN 0443 S4 FORMAT(® SECCNDARY SYSTEM®/®  FLORS®/SX,%H ¢ T INTG SECONDARY ¢,
L*FRCF PRIPARY *,1PEL4.5/5K,* T INTO SECCNCARY FRCM PRIMARY®.E18.5/
? SX4tH ¢ T THRU PIPE WALLS INTC CELLS*sE15.5/5X.*V THRL PIPE *,
3UWALLS INTC CELLS'4E19.5/%  SCRPTION PY SINK®/SXe*H ¢ T ,28X,
4 F 14.5/5Ks"T0 32 R0EL14a5/5Ke "FF9,31XeE14.5/5Xe P TF* 331 XeE14457
St REMCVAL RY PURGE'/5Xe®H ¢ T0,2EXsE16a5/5K,* 14,32X,E14.5/5X,
6PHE * 31X E14.5/5K, P TFO 3LX, E14.5/%  FRACTION OF T*/5X.*PASSING',
T4 THRU FIPE WALLS'e1UXeER4.5/50, ' SCRREC BY SINK AS T4, 14X E14.5/
B SX.'SCRREC PY SINK AS TFe.13X,E14.5/5X, *REMOVEC BY PURGF AS T¢,
9 12X.F14.5/5X,'REMUVED BY PURCE AS TF, 11X, EL4.5)
TSN 0444 95 FORMAT(® CCACENTRATIONS IN SECCNCARY SALT'/5X,*H ¢ T (CC}*w23Xe
1 1PF14.5/5Xe"T (CLTI® 426X EL4oS/5% e *HF (CCF)® 225X oE14uS/LX/1X)
ISN 0445 CrThxCl1)eCI2}40(3)
1SN 0446 QTWrCI2114C(321+Q(33)
ISN 0447 FRT®C=CTheRSUM
ISN 0448 FTS€12C(35)8RSUM
1SN 0449 FTSSTF=C(37) $RSUM
ISN 0450 FTRPT=C(36)8RSUM
TSN 0451 FIRFTIF=C(30)*RSUM
ESN 0452 WRTTE(KCUT96) WHTMouTweQt5)2C135),COT1.04371,006),Q1360,G(B),
I CE3B)oFRTRCoFTSST.FTSSIF JFTRET,FTRATF
ISN 0453 WRITE(KCLT.87) CFoCFT.CFF
TSN 0454 96 FORMAT(® PRIMARY SYSTEM?/®  FLCWS®/5X,"H ¢ T THAU WALLS INTD ¢,
LTCELL* o 1PE21.5/5X+*T THRU WALLS INTC CELL®y 11X, El4a5/*  SORPTION
2RY SINKP/SXe'H ¢ F0,20XeEL6e5/5Xs¢THo22X EL14aS5/5Ke *HE ¢ 431 XeEL45/
3 SXetTE®31XeE14s5/"  REMOVAL BY PLRGE'/5X+'H ¢ T1,283,E14.5/5X:
40T 32XeEL4a5/5Ks THE 43LX0E14.5/5X4*TF* 31X, E14.5/  FRACTION OF
ST*/SX.*PASSING THRU WALLS [NTC CELL',E19.5/5X, *SORBED BY SINK AS *
6o T2 14XeE14.5/5Xe ' SURBED BY SINK AS TF?, 13X, EL4,5/5K "RENOVED *s
TVAY PURGE 8S T?.L2Xekl4a5/5X, *REMOVEC BY PURGE AS TF', 11X.E 14.5)
[SN 0455 97 FrRWAT(®  CCNCENTRATIUNS IN PRIMARY SALT'/S5X.'k ¢ T {CF)*¢23X,
1 LPEL4.5/5Xe *TILET) ¢ 27Re EL4S/5Xe 'FF (CFF}?, 25X F14a5)
ISN 0456 CALL MFRFG
TSN 0457 6C 1€ 160
END (F FILE DETECTEU UN INFLT UNIT
1SN 0458 S67 CALL MNFRFG
[SN 0459 WRI TEIKCLT99)
ISN 0460 S99 FORMAT(® NCRMAL STOP — ALL CATA PRLCESSEC*})
1SN 0461 STCF
TSN 0462 END
SOPTIONS [N FFFECT® MAMEs MATM.OPT=U2.LINECNT=95,S12E=0CCOK,
SOPTICNS IN FFFFCT# SCURCESEBCCIC,NOLISTNCDECK.LCAL,NCHAP,NOEDT T,NO D ACXREF
*STATISTICS® SOURCE STATEFENTS = 451 JPKOGRAF S1ZE = 1c188

®STATLISVICS®

OTAGNOSTICS GFNERATED

#%% FND (F COMPILATION #eness 45K BYTES OF CORE NOT USED



LEVFL 2?21.6

1SN 0002
1SN 00013

1SN 0004
TSN 0005
TSN 0006
1SN 0007

1SN 0008
ISN 0009

ISN OO0lo
ESN 0011

iSN 0012

SOPTIONS IN EFFFCT™

SOPTIONS [N FEFFCT®

®STATISTICS

CSTATESTICS

s6s90s FND (F COMPILATION #essre

{DFC 72}

73

0S7360 FCRTRAN H

COMPILFR GPTIONS = AAFE= MAIN.OPI=02,L INECNT=§5,S12F=0000K,
.

(2N aXa¥a¥al

4

&

&

SOURCE +£BCOEC. NOLIST
BLOCK CATA
CCMPON /BLK3/ IDIML20)e LUSEL20). NM{20)e IBEGI20}s NMCN(10),
AVAR, ACN
DATA IDIM / 2045050010¢5¢5029¢2%5+2C¢1Cs20+5¢10¢106%0/
DATA ILSE / 1Bs40450 9e4e4023923015¢ 591504010146%07
DATA IBEG /7 Je20026076+86091e5€0¢1210146,1664176415645201,20246%0/
DATA AF/4HA s4HD «4HC +4FCN S 4FE « 4HF +4HH .
4HK o4HP o 4HR e hkT ehFN * 4HM o 4HY /
NDATA NVAR. NChN / 14y 9 /
DATA NFCA / 4HCF  o4HCFF o4HCFT L 4FCC  o4HCCF o 4HCCT 44HCSG o
4HCSS o4 HOCSH +4H /
COMPCA /BLK2/ INe I0UT. IPRe MCLT, KPR
DATA IN, ICUTs IPK /5+ 20e 6/

NODECK oL CACoNOMAP ¢ NOEDIT o ACIONOXREF

N - INFUT UNIT NO.
ICUT - AUXILIARY OUTPUT UNIT NC.
(PR~ LIANE PRINTER UNIT NC.
FND
NAME:s FPAIN.OPT=02,LINECNT=S5,SI2E=0CCOK,

SCURCELEBCCIC.NOLIST NODECKsLCAL,NCHAPNOEDT ToNOID s NOXREF

SCURCE STATEFMEATS = 11 +PROGRAF SIZE = 8

® NO DIAGNOSTICS GENERATED

126K BYTES OF CORE NOT USED

OATE

144304/09.19.05



LEVEL

1SN

1SN
TSN
TSN

15N
TSN

TSN
FSN
1SN
1SN

ISN

TSH

1SN

21.6

0S/736C FCAIRBN H CATE 74.304709.19.12
COMPILER CPTIONS — MAMEs MAINJOPT202,L TNECAT=65,SIZE=0000K,
SOURCE.EBCDICNOL IST NCCECK(LCACSNOMAP, NOEOITo NOILC,NOXREF

0002

0003
0004
0005

0006
0007

0008
0009
0010
0011

€012

0013

0014

(OEC 72)

el XaNa Nl

R Na¥al

ann oonnnn

2 ¥alal

aon

o [aXaXsl

non

[aNa¥al

74

SUBRCUTIAE SETREF (NAME)
SETS VARIABLES TO THEIR REFERENCE VALUES. IF NAME IS BLANK,.
ALL VARTABLES AS SPECIFEEC IN THE ARRAY NM WILL BE SET,
1F NAME 1S PkNT. ALL VARTABLES IN THE ARRAY VREF
wILL BE PRINTED.

IMPLICIT REAL®A (A~H.0-Z)

REAL®4 VWRCVWeWURD

CCMMCN/ALKI/ TUIMI20)s TUSE(2C)s NM{20)e IBEGL. .o» NMCA{LC),
L NVARGNCN

DIMENSICA VRFFI250). VALE155). vC2(5}

EQUIVALENCE (VCLI{L)+VREFI96))s (VQ2UL1),VREFL1TE})

v01l ANC V(2 ARE UUMMY ARRAYS USEC IN THE INITIALIZATION OF
PARTS OF VREFs THE REFERENCE ARRAY,

DATA 1RLAK/4h /o IPRT/4HPRAT/

DATA VREQ/4HVREF/+ V/4HV /
CCMMCN/EBLK2/IN, I0UT, IPR. KCLT, KPR
CCMPCN /BLKL/ VI250)

THE CCMMPERT CARUS INTERSPERSED APONC THE FOLLOWING
COCNTINLZTION CARDS CAUSE AC TROLBLE WITH THE ORNL CCMPILFR.
THIS [S CCNTRARY TO THE RULE ON PG. 12, GC2B~6515-8,
18K SYSTEM/360 AND SYSTEM/3TC FCRTRAN IV LANGUAGE.

DATA VREF
REFFRENCE VALUES FOR A(1)

17.6C60250603.506049.000924C60~1400¢52.06¢2%~1.00 411.C¢+8.806,
2 49.06+31.06¢27.06018.0600.LCe-1.D00+0.00,2¢-1.0C ,

REFFRENCE VALUES FOR o)

N

3.021¢3.0Z2101.018¢1.018e~1.CCo

REFERENCE VALUES FOR Cil) 2RE ALL 2EARC

w

459%0.0C +5%-1.00 «
REFERENCE VALUES FOR CNLI)
4 6%-1.LC +2.C1049.011eieDllo-1.CCo

FFFERENCE vALUES FUR E(I)

wn

«500¢4C1700,.1800+.0018D00=14L0¢
REFERFNCE VALUES FUR F (I}
6 3.605¢2.6C5+5405+49.050~1.00/
REFERENCE VALUES FDR HIT)
DATA vC1/
1 1,60-2+6.C~3,9.0-5¢12%0-2+3.(~34-1.CCe3.D-3,2%-1.0C o
? Ta4D—243.4D-2,9.70-2:4,30-2¢4.7D-2+4.00~2, .800¢—-1.0C04.8D0.
3 29-1.CC +5.800+12.00430.C042%-1,0C .
FEFERENCF VALUES FUR KiT)
4 1e2D-1702.0-1701.90-170145C~17¢1440-12¢-1.00+1.%0-19+2%-1.00,
53.4C-18+5.0-18¢44U~18¢4.50-18+3.50-18+4.0-18¢4.40-18,-1.0C,
X 1e1D-2C+2%=1.l0e4ebU=-200s9.1C-2Ce4.8C~2C,2%~-1.0Co»
REFERENCE VALUES FOR P(I}

62.1015¢€07C1409+0014¢94001445%=1.CCel1a1D15¢1.801449.001441.8014,
76.7C14¢3.5C14s5%~1.00.

REFEAENCE VALUES FUR RETD
8 5.EDL7.4*C.CC o2%-1.00 /
REFFRENCE VALUES FUR THI)

DATA w2/
1 2¢13.00 +50.00¢1.0045%=1.D0 22*13.0C «1.D0+2%2.0C +1.CCe5¢~1.0D0,

FEFEFENCE VALUES FOR Wil)
2 4%1.T0 «~1.CCe

REFEREMCE vALUE FOR M
31,12D-¢,

REFFRENCE VALUE FOR U

4 1.C2/



1SN
1SN

1SN
TSN

TSN
SN
ISN
1SN
(L]
1SN
1SN
1SN

TSN
1SN
1SN
SN
ISN
I{SN
LSN
1SN
TSN
1SN
1SN
TSN
TSN

1SN
TSN
ISN
1SN
ISN
1SN
1SN
1SN
ISN
TSN
TSN

FSN
1SN
TSN
TSN
1SN
TSN
1SN
TSN
TSN
I SN
TSN
TSN
i SN
1SN

1SN

I SN
1SN

SN
1SN
1SN
I SN
TSN
1SN
1SN
TSN
1SN

ao1s
o017

0019
a020

0022
0023
0025
0026
0027
0028
0029
0030

00131
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043

0044
0045
0046
0047
0048
0050
0051
0052
0053
0054
0055

0056
0087
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069

0070

0072
0073

0075
0076
0078
0079
0080
0081
008?
0083
0084

[a¥a ¥l

[a X2l

amnanan

X

ann

sl B N W W N N}

N aNal

ico

-

1c1

12

ic3

1¢5
110

115

~

120
3

»

12

w

130

>

3ci

n

CHECK NAME

TFINAPELECLIBLAK) GO TO 102
TFINAPELECLIFRT) GU TO L5

LCCK FCF MATCH IN NM TABLE

CALL MATCH(NAME«NMoNVAR:NK)
TFINKLAFLO) GC TO QUL

AL PATCF FCUND — PRINT MESSACE

CHECK NAME AGAINST (N TABLE

CALL PATCHUNAME LNMCNNCN. KC)
TF(KCL.EC.Q) GC TO 400
J=TREG{4)exC-1

VIJ)=VREF(J)

RFTLRA

WRTTE(KCLT 4L} NAME

FNRPATILIX/® NC MATCH FOR *.A4,
RFTLRA

NAPE = AMEANK)

[SERY 3

N?2=MK

GC 1C 1c3
Nl=1

N2=AVAR

NC 110 A=N1eA2
TT=1ILSEIN)
J=IBEGIA)

NG 105 I=1.107
V{J)avREF(J)
d=Jel
CONTINLE
RFTLRAN

FRINT ALL REFERENCE VALUES

LINES=25C

WORT=VRRC

DO 130 M=]1.NVAR

IT=TUSE(N)/S5¢4
TFOLINES#ITLLELS0) GO 30 120
CALL AEWFG

WRITE(KCLT 2} WURD

FORFAT{® VALUES IN ARKAY *,44)
LINES=C

75

* IN SETREF - NO CFANGE IN V')

WRTITECKCUT ¢3) NMUND e IDIMEND o ILSEAN) S TEEGIN) v ([o1=1,5)
FNRMAT{IX/® NAME *oA4s* DIMENSICN®o144® USED*el4s' STARTS AT'[4/

1 7Xe4(l1s13x)e11/1X)
J1=1BEG(N)

Tl=Jl
J2=TL+ILSEIN) -]

NP 125 J=xJled2+5
T2sFINOTTI 144,02}
WRITE{KCLT 4) (VREFLL)oI=11412
FORPAT(1X+1PSELS.5)
Tlw12+]

CONTINLE
LINFS=LINFSeIT
CONTIALE

RETLRA

FNTRY LCCK

WORC=VH

}

FRINTS WALUES IN V SELECTEL BY NAME. IF NAME

1S PLANK. PRINT Ali.

CHECK NAME
TFENAPELECLIBLAK) GU TO 132

LCCK FCF PATCH IN TABLE

CALL PATCHINAPESNMoeNVARSNK)
IFENKLAELD) GC TO 201

CHECK NAME AGAINST (N TABLE

CALL PATCH(NAPE «NMLNoNCNeKL)
1FIKC.EC.O) GC TO 301
JalREGl4)eNC~]

WRTTF{KCLT o6) NMLNIKCIe Jds VIJ
FORMATILX/1XoAde® =V{tel3st),
RETLRN

WRI TE(KCLT+5) NAME

FORPATIIX/®* MC MATCLH FOUND FCR
RETLRA

VALUE =94 1PE14.5)

LY T T

IN LDOK - NO PRIATY)

PAGE 002



1SN
TSN
1SN
1SN
1SN

I SN
TSN
1SN
tSN
TSN
TSN
TSN
ISN
1SN
1SN
TSN
TSN
SN
ISN
TSN
1SN
1SN
1SN
TSN
TSN

0085
0086

crar
008aa
0089

€aso
0091
0092
0a913
Cco9s
0096
a0e7
co98
0099
o10C
oiol
0102
0103
0104
o10%
0106
o107
0108
0109
ol10

[aXaXal

2¢1

132

135

140

145

150

*OPTIONS IN FFFFCY®

*PTIONS [N EFFFCT®

®STATISTICSS
*STATISTICS»

sexsss £ND (F COMPILATICON #wwésn

NO

76

FRINYT SELFCTED VALUES IN v

LINFS=5C

NC 150 A=R1sN2

IT=1USF(A) /544
TFOLINES#ITLLELS0) GU TO 140
CALL NFRPG

WRITF{KCLT.2) #0RD

LINES=0

WRITECKCUTS3) NMIN) cJDIMEND S TUSEIND TREGIND o (Ts 1= 14 E)
JI1=IBEGINY

11=J1

J2=11¢1LSEIN) -1

N0 145 J=J1eJ2+5

12=r1INQLT 104,42)
WRITE(KCUT.4) (Vildel=11s12}
11=12+]

CONTINLE

LINFS=LIMNES+IT

CONTIMUE

RFTURM

END

MAMET  FALNLUPT=02,LINECAT=S55,51ZF=0CCOK,

SCURCECEBCCECONONLISToNUDECKoLCACoNCPFAPSNCEDIToNOID s NOXREF

SCURCF STATERENTS = 109 +PROGRAM SIZE = 3996

DIAGNDSTICS GEMNEFBTED

106K BYTES NF CORFE NCT USED

PAGE 003
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LFVFL. 21.86 {IDFC 72} 0S/264C FORTRAN H DATE T4.23C4/09.19.44

COMPILER CPTINNS ~ MAME= MAINJOPTw02,LINECAT=95,S17FE=0000K,
SCURCE«EBCDICoNOL ISToACCECKsLCACoNOMAP, NOEDIT o AOIDs NOXREF

1SN 0002 SUBRCUTINE CSCLVEICL oC2ePKoTHobKobL oKKeKL+EPS, ICOCFCKoCL) €soL 100
1SN 0003 IMPLICIT REAL®B (A-He0-2)
ESN 0004 REAL®8 KK, KL
1SN 000S TEST=1CC.CO
TSN 0006 ASSIGN §5 TC K csoL 110
1SN 0007 HKDFL=HK/HL csoL 115
ISN 0008 PCTH=PK/ITKEHK)} csoL 122
SN 0009 CKMAX=C14C2Z/HKCHL
C csaL 130
[ CHECK FCR SCLUTION csoL 131
C CsoL 132
ISN 0010 CK2zCKVBX €soL 133
1SN DOl G2=(CK2-Cl+FOTHOD3ORT (KK#(K2)
TSN 0012 TFIG2.6Y.0.) GO TO 45 €soL 135
1SN 0014 ASSEGhN 130 TC K CsalL 136
1SN €015 PRINT & csou 137
1SN 0016 4 FORPATL®INC SCLUTIUN') CsCL 138
ISN 0017 IGr(F=l cSsouL 139
ISN 0018 6 IC 90 CSOL 140
1SN 0019 85 [FUIGCCFL.CF.0) GU TD 95 CSoL 141
C CSOL 142
[ FEACING FCR DEBUG PRENTOUT CSCL 145
. CscCuL 150
TSN 0021 90 PRIAT 1, Cls (2 PKe TKe PKo FLo KKo KLo EPS CSCL 155
1SN 0022 1 FORMAT{*1CSOLVE AKGUMENTS®/LFCo6Xe*CLl"912Xe"C2% o 12Xe 'PK* 12X *TK!,CSCL 160
X 12Xe
L PHE® 12X e *HL e 12XKe " KK* o 12X KL g 12X EPS® /1X ¢« LP9ELL.5/7C [T* 46X, CsaL 161
2 'CKRLTolIX o CKT e lLXa"CX® ¢ L2XoCK2¢41CXs"TEST*/1X) CsCL 162
1SN 0023 GC TC ke (55,1300 CSCL 163
r CSOL 165
C START ETERATIUNS FOR CK csoL 170
[ csoL 175
ISN 0024 65 CX1=0. CsSCL 178
ISN 0025 CKOLD=CK]
TSN 0026 CL1=KL®{HKCHL*CLl¢C2)
ISN 0027 Gl=—{Cl4PCTH®DSORT(CLL)
ISN 0028 no 115 1T=1,50 csoL 180
4
C INVERSF LINEAR INTEAPOLATICN ANC CHECK FCR CCNVERGEANGE
[
ISN CC29 CRT={CKIPGI-CR2%GLI/LGRGL) csoL 182
ISN 0030 IF{CARS(CKCLL/CKT-1,003.LT.EPS) GO TO 120 CsoL 183
[
C IF ACT CCAVERGED. TRY INVERSE QUADRATIC INTERPCLATICN
[
(SN €032 CLY=KL® [FKIHL*{C1-CKT)+C2)
ISN 0033 FF2CL¢PCTHOICSORTICLT)-DSORT (KK#CKT) )
TSN 0034 G=C KT-FF CsoL 192
ISN 0035 DG1=6-G1 csoL 193
TSN 0036 DG2 26-G2 CSOL 194
ISN €037 DG3=DG2-06G1 csoL 195
(SN 0034 CX==GOG2%CKk1/{0G32UG1) +GL*G2*CKT/{LCI*CG2)+G1*G*CK2/{DG3*0G2) CsSoL 196
ESN 0039 IF{ IGCCFLGELO) GU TO 200 CSCL 240
. CSOL 245
C CEBUG FRINTOUT csoL 250
c csoL 255
1SN 0041 PRIMT ZoIT oCK1oCKToCXsaCK2,TEST
TSN 0042 2 FCRPATIIXI3.1P5FL4sD)
1SN 00413 2€0 IFICX.LELCKL) GO 1O LlD2 csoL 197
1SN 0045 TFICX.GELLKT) GO TO 102 CsoL 198
ISk 0047 TESTaDABS{CKCLO/CX-1.D0)
1SN 0048 IF(TESTL.ETLEFS) GG TO 201
1SN 0050 CKT=CX
TSN 0051 6C YO 12¢
TSN 0052 2C1 CLX=kL® (FKCHL®(C1-CX}+C2}
TSN 0053 FX=Cl4PCTH® {DSURT {CAX)-DSORT (KK*(X }}
TSN 0054 GX=CX=-FX CsCL 201
ISN 005% CKNLO=CX
1SN 0056 TFICX.LTLCa} GO TU QUL csoL 202
TSN 0058 CK22CX CsoL 203
TSN 0059 G?2=GX Cs0oL 204
ISN 0060 60 10 115
TSN 0061 101 CKl=Cx CSCL 206
[SN 0062 Gl=GX csoL 207
1SN 0063 60 10 105 €soL 208
TSN 0064 1C2 TESV=DABS{CKCLO/CKI~1.00} csCL 225
1SN 0065 CKOLO = CXT CSCL 226
1SN 0066 IF(TESTLLELEFS) GU TO 120 CSoL 227
fSN 0068 IF (G «EC. 0.CO) GO TQ 120 csou 230
ISN 0070 TF(G.GT40.} GC TO 105 csoL 231
[SN 0072 Gl=G csoL 232
1SN 0073 CKL=CKT CsoL 233
TSN 0074 GC TC 115
1SN 0075 15 6G2=G €soL 235
1SN 0076 CK2=CKT csoL 236
1SN 0077 115 CONTINLE
C csoL 275
o4 FRINT ACN-CONVERGENCE ALARK €sCL 280
C csoL 285
1Sh 0078 PRIAT 2 CsoL 290
TSN 0079 3 FGRMAT(*0 CSCLVE UNABLE TG FINC RCCTY) CsSOL 295



1SN 00RO 1GOCF=PAXO 11, 1GUOF+L)
1SN 0081 RETURM
1SN 0082 120 Cx=CK1
ISN 0083 CL=FKERLO(L1-CRI+C2
ISN 0084 130 RETURA
1SN 0085 END
SOPTIONS IN FFFECTS MAMEs  MATMLOPT=02,LINFCNT=65,STZE=CCCOK,

*0PTIONS IN FFFECTe®
*«STATISTICS»

SSTATISTICS»

SCURCE STATEMENTS =

78

B4 «PROGRAM SIZE =

NIAGNCSTICS GEMERATEQD

saneok END (F COMPILATICN ¢esssa

SCURCE«EBCCICoNOLISToNODECKLCACANCMAP,NOEDIToNOID s NOXREF

121K BYTES OF CORE

CsSCL
csaL

csaL

cscL
csal

300
305
310

320
325

NCT USEO

PAGE 002
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LEVFL  2l.6 IDFC 72) €S/360 FCRYRAN H OATE  74.304/09.20.10
COMPILFR CPTIONS = MAMEx  MAINGOPT=02¢LINECNT=65,S[ZE=0000K,
SCLRCE.FBCOICSNOL ISToNCCECKsLCACoNOMAP s AOED IT o NOICoNOXREF
1SN 0002 SURRCULTINE NEWPG NEWP 100
c NEWP 105
[ TF THE SURMARY OUTPUT UNIT (KCGUT) IS THE LINE PRINTER (IPR), NEWP }10
o EJECT TC A NEW PAGE. IF NCTy PRINT 5 BLANK L INES. NEWP 115
4 NEWP 120
1SN 0003 CCMMCA /BLK2/ INe TUUTe IPRe KCUT, KPR NEWP 125
1SN 0004 TFIKCUTLECLIFRY GU TU 100 NEWP 130
tSA 0006 WRETEL{KCUT . 1) NEWP 135
1SN 0007 L FORMATCAX/IXZIX/LX/ AX) NEWP 140
1SN 0008 RETLAN NEWP 145
1SN 0009 100 WRITVEIKCUT 2) NEWP 150
1SN 0010 7 FORPAT(1IHL) NEWP 155
1SN 0011 RETLRN NEWP 160
1SN 0012 FND NEWP 165
SOPTIONS IN FFFECT® MAMEa  PAINGOPT=02.LINECNT=SS5,STZE=0COOK,
*OPTIONS IN FFFFCT® SCURCE L EBCLICoNULISToNUDECKSLCACNCMAPNOEDIT,NOID ¢ NOXREF
*STATISTICSS SCLRCE STATEFENTS = 11 +PRCGAAM STZE = 260
«STATISTICS® NN OIAGNOSTICS CENERATED
#0800 END (F COMPILATION #s#sse 133K BYTES OF CORE NCT USED
LEVFL  21.6 (DFC 72) C$S/260 FCRIRAN H DATE  74.3€4/09.20,25
COMPILFR MPTIDNS - MNAMEz  MAINSOPT=U2,L INECNT=S5,SIZEx0000K,
SCURCE«EBLDICeNOL IST 4 NCCECKJLCACNOMAP , NOEDIT4NOIDs NOXREF
1SN 0002 SLRAGLVINE CCUALICLALFA. CK}
c CCUA 105
4 SCLVFS THF QUADRATIC EGUATICN COuA 110
c CCUA 115
C CR¥®] ~ (29C)1 » ALFAI®CK « Cl%#; = C
C Coua 125
c FCR THE RAOT CK wHICH IS LESS THAN C1/KK. ccua 130
C cCua 135
TSN 0003 T#PLICIT REAL®8 (A-h,U-Z)
1SN 0004 RFAL®8 KK COoUA 140
1SN D005 T=C1/KK Cous 145
TSN 0006 CK=CI®#2/7(CL e 5%alFA* (1. +USCRT(4.%C1/ALFA+LL}))
1SN 0007 RETLRA Ccua 155
1SN 0008 END CCUA 160
SOPTINNS IN FFFFCT® NAME=  PATN.GPT=02.LENECNT=S5,512E=CCCOK,
«NPTIONS IN FFFFCT® SCLRCESERCCICANOLISTeNCCECKSLCACSNOMAP,NOEDT T4NO ID » NOXREF
=STATISTICS® SCLRCE STATEMENTS = 7 «PROCRAV SIZE = )
*STATISTICS® NO DIAGNOSTICS GEMNEFATED
#0408s END (F CNMPILATION $ssvew 133K @YTES CF CORE NCT USED
LEVFL  21.6 (DFC 12) CS/26C FORTRAN H OATE 74.304/09.20.38
CUMPIIFR CPTIONS = ANAMEx  MAINJOPT=U2¢L INECNT=S5,51ZE=0000K,
SCURCE.FBCUICNUL ISToACCECK.LCAC,NOMAP, NOED [T NOICoNOXREF
1SN 0002 SUBRCLTINE MATCH (NAME., WTAB, ANy AMAT)
4
c SEARCFES THF ARRAY NTAB WITH NN ITEMS FOR THE FIRST
4 CCCLARFACE UF NAME. I+ NAME IS NCT FOUNO IN NTAB, NMAT
C IS RETUENEC wiTH THE YALUE 2ERO.
c
1SN 0603 DIMENSICN ATAP (10}
TSN 0004 NMAT = @
1SN 0005 NC 100 A=1,NN
1SN 0006 TF (ICCHPA(NAME., NTAHB(N)y 4) LNE. C) GO TN 100
ISN 0008 NMAT = A
1SN 0co9 RETLRA
ISN 0010 160 CONTINUE
ISN 0011 RETLRA
TSN 0012 FAD
€NPTICAS IN FFFFCT® MAME:  MAINGOPT=024LINECNT=S5,STZE=CCOOK
MIPTINNS IN FFFFCT® STURCE«FRCCICoNOLISTeNLOECKSLCACoNCMAP NOEDIT 4NOID o ACXREF
KSTATISTIC S SCURCE STATEMENTS = 11 «PRNGRAM SIZE = 398
‘STATISTICS® N0 DIAGNCSTICS GENERATFL
weex® END (F COMPILATION #eewen 133K BYTES CF CORE NCT USED

STATISTICS® NU CIAGNCSTICS THIS SIEP
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