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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 molecules.™*

The ions are estimated to be produced at a rate of 2.6 X lOlh/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.

**%9420 Ci/day in a 2250 MW(t), 1000 MW(e) plant.
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Fig. 1. Molten Salt Breeder Reactor System.



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 wvapor
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 calculatioms.



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}ZIT/pH2 *pp, = kp for the reaction H, + T, Z 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. In 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 — C1) . (1a)

Transport through the pipe wall to the surroundings where

the hydrogen pressure is assumed to be negligible:

3 _ +
q = ulGacn®=o] _ i) fk;c;) . (15)

t

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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Q2 = thz(CF = C2) (2a)
1
=2

= EzAz:kzcz) . (2b)

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
= EBAZ(kSCS) (3b)
3

Transport of hydrogen to and through the walls of the

tubes in the primary heat exchangers into the secondary

system:
Qs = hiA, (CF - Cq) (4a)
loAL» % -é'
= P——th [(kuC)® = (k12C12)7] . (4b)

Transport of hydrogen to the surfaces of the graphite

in the reactor vessel or to other sorber:

Q5 = hSAS(CF - Cs) . (Sa)
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 = BiW;A5(ksCs) ™ . (5b)

Removal of hydrogen by purge:

Qe = F1E.Cp (6)
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7. Transport of hydrogen fluoride to and removal by sorber:
Qs = hsA; (CFF — C7) (7a)

1
Bzsz7(k7C7)T.. (7b)

8. Removal of hydrogen fluoride by purge:

Qs = F2E,C (8)

FF °
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 H,,
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 R,
respectively) to the primary system are given, a material balance over

the primary system gives

Ri +R2= ZQ, . 9

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
UF, + +H, & UF, + HF ,

which has an equilibrium quotient

X(UFy)  PAHE)
X(UFa)  [p(H,) ]

or

X(UFy) | *7Crr .

Corrosion and other chemical considerations make it desirable to maintain
the ratio X(UF3;)/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
CFF = %g~(k5CF>2 . (10)

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

expressions for @, and Qg in terms of CF.

B. Secondary System:

1. Hot~leg piping:

Q1o h1oA10(CC — C1o) (11a)

1
Biofio (0,007
10

il

. (11b)

#This might require that hydrogen be added to the primary systems as
a mixture of hydrogen and hydrogen fluoride.



Cold-leg piping:
Q1

Transport through the

primary system:

13

hy;A1n (CC - C11)

Bl%éll (k11011)%
11

primary heat exchanger tubes into the

Q12 = hy2Ay (CC - C12)

1 1
= le‘A‘LL[:(kmClz)? - (kuCu)T] .

ty

Transport through the steam generator tubes into the

Steam system:

Qi3 = h13A;s (CC - C13)

_ P13f13

tis

1 1
Bklacls)z-— (k21C21)7] .

Transport through the superheater tubes into the steam

system:

Qiu

_ PiuAyy

iy

hiyAqy (CC - Cyy)

1
[(kluclk)-%-" (kzzczz)T] .

Transport through the reheater tubes into the steam system:

Q15 = hisA;s (CC - C15)

tis

Pi1sA1s

1
[(k15C15)% - (k23C2 3)7] .

Removal by sorber as hydrogen:

Qi1s

higAie (CC - Cig)

1
B3W3A1s(K16C16)°

(12a)

(12b)

(13a)

(13b)

(14a)

(14b)

(15a)

(15b)

(16a)

(16b)

(17a)

(17v)
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8. Removal by purge as hydrogen:

Q.7 = F3E3CC . (18)

9. Removal by sorber as HF:

Q18 = hleAlB(CCF.— Cis) (19a)

1
BhwhAls(k18C18)7~° (19b)

10. Removal by purge as HF:

Q19 = FLELC . (20)

CF
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

Ry + Ry = I Q (21a)
i=10

Rs = Q18 + Q19 (21b)

In these equations all the R's and all the Q's have positive or
zero values except for Q;2, Qi3, Qi4 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 - Cy1) (22a)
A 1 1
= }l‘i——lj’[(kz 1C21) % = (k& 3013)7] . (22b)
13

2. Transport through superheater tubes into the secondary system:

Q22 = hzzAlu(CSS - C22) (23a)



3.

In the steam system the values for C

15

A 1 1
= B‘tht';‘? [(kzzczz)f - (klucm)?] . (23b)
Transport through the reheater tubes into the secondary system:
Q23 = h23A15(Cqp = C23) (24a)
A 1 1
= Pj_i_;:i [(kzaczs)T - (k15C15)T:| . (24b)

sg’ CSS and CSR will be given.

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. If hydrogen is added to the feed water

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

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. We carry this out in the following

sequence, discussed in more detail in Sec. III.

1.

Calculate C Cig, Q15 and Q9 from equations 19a, 19b, 20

and 21b.

CF’

Assume a value for CC.

Calculate Q;p, Q11> Qi16s Q17 and Cy¢ from equations 1lla, 11b,
12a, 12b, 17a, 17b and 18.

Calculate Qi13, Qius, Qis, C13, Cis and Cis from equations léa,
14b, 15a, 15b, 16a, 16b, 22a, 22b, 23a, 23b, 24a and 24D,
noting that the steam system and the secondary system are

coupled by the relationships Qi3 = -Q231, Qiy = —Q22 and
Qis = -Qz3.
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5. Calculate Q;, from the material balance, Eq. 2la.

6. Calculate CF’ Ci12 and Cy from Egqs. 4a, 4b, 13a, 13b, the
relationship Q4 = -Q;2 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 CF’ Ci2 and Cu,

calculate Qi, Q2, Q3, Qs, Qs Q7, Qs, Cs, CFF and Cy.

8. Calculate RF from

8
RF=,Z Qi—(R1+R2) .
i=1
If 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 CC. If RF is negative,
CC is too small and steps 3 through 8 must be repeated with a

larger value of CC'

When this process has been repeated until the ratio R F R, 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.

*H,, HT and T..
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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 = EEZ Q1 . (25)

Cr

2. Transport through walls of cold-leg piping:

Qg2 = EEE Q2 . (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:

Q3y = hyAy (CFT - Cay) (28a)

PuAy | KuCau _ _KkjaCua
ty (kyCy)? (k12C12)2

il

. (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

') ,

_DA . _
Q=7 (CI Co

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

- L
T t TI Qm)'

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

1
¢ = s = sao)?

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
t - CTI - '%' CTI _ kICTI
C = C} —— = S(k C ) —_ = § —_—T
TI T C ITI C . -3
1 1 (kCp)

and a similar expression for the outer surface. Then,

DSA kICTI kOCTO

Q = T —
T t =
(kICI)Z (kOCO)

1 ’
2
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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 directionms.
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:

FT
Q35 = T Qs o (29)
F
6. Removal by purge:
C
FT
Q36 = o Q¢ - (30)
F

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

CFT

Q37 = 7 Q7 » (31)
Cr

8. Removal by purge as tritium fluoride:

C
Qag = EEI Qs - (32)
. ;

The tritium balance over the primary system is:

38
Rl = z Qi . (33)
i=31
E. Secondary system:
1. Hot-leg piping:
C
CT
Quo = g Qo - (34)
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2. Cold-leg piping:
C

Qu1 = EQI Qi1 - (35)
C

3. Transport through primary heat exchanger tube walls into

primary system:

Qy2 = h12Au(CCT - Cy2) . (36a)
= PuAy | KypCup _ KuCay, 36b
ty [(klzclzﬁ (kyCy )T | (36b)

4. Transport through steam generator tube walls into the steam

system:
Qus = h13A13(CCT - Cu3) (37a)
= P1sMis KigCus, | (37b)

tiz3 (ky3Ci3f
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:

Quy = hluA1u(CCT - Cyu) (38a)

PisAry  _kiuCuy
= 1 e 38b
tiy  (k14Cy1y)? (38b)

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

Qus = hlSAIS(CCT - Cus) - (39a)
- PisA1s  _kysCus (39b)

tis (k15C15)2
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7. Removal by sorber as tritium:

C
Que = ‘ECI Qi6 (40)

C

8. Removal by purge as tritium:
Qu7 == Q17 & (41)

9. Removal by sorber as tritium fluoride:

C
Que = "E(E Qis k (42)

C
10. Removal by purge as tritium fluoride:

C
Que =%Q19 . (43)

C

The balance over the secondary system is:

49
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., ., , in the secondary system

CT
and calculate Quo, Q415 Q43 through Q.s from Eqs. 34, 35, 37a,

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

3. Calculate CFT from Eqs. 28a, 28b, 36a and 36b, the relation-
ship Qs4 = -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 C Ts We

F
proceed to step 4.
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Calculate Q31, Q32, Q33, Q35, Q35, Q37 and Q3e from EqS. 25-32.

Calculate RF’ where
38

= I Q,—R,
¥ =31 1

is the term that must be added to the left side of Eq. 33 in

order for the equation to balance. If R, is positive, tritium

F
must be added to the primary system, so CFT and CCT are too
large; if RF is negative, CFT and CCT are too small. Adjust
the value of CCT and repeat steps 1 through 5. When IRF/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’ Ciss Qi1s and Q;o with Eqs. 19a, 19b and 20, and the material balance,

Eq. 21b:
Qie = hleAlB(CCF — Cis) (192a)
1
= BuW4A15(k18C18)° » (19b)
Qe = FAEACCF ’ (20)
Rs = Q18 + Q1o -« (21b)

Eq. 19b requires that Q.s > 0 and Eq. 20 requires that Q10 > 0, so if
Rs = 0, 21b requires that Qs = Q;5 = 0. If Rs > 0, we combine 21b, 20

and 19a to obtain

Rs = Qis = F4E,C Rs — hISAIS(CCF = Cis) »

CF
or

—_ R5+h18AIBCIB .
CF F4E4+h13A15 (19C)

C

Substituting 19c into 19a, setting the result equal to 19b and collecting

terms we obtain

1
o — Ci1s = BCis » (194d)

where we have defined

Rs
F.E, °

u:

and

_ FL,EL.‘I'h]_eAla} [Buwh] _i-
B"[ FLE, e | [kee]™ -
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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 0. We have

Cie - (20L+Bz)C13 + az = O 'y

_ 2a+B? + V(2a+B?) %~ 4a?
2

CIB

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

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

2

o
ClB = )] . (196)
a+-B— i+ \/1+i°5‘
2 B
Then we have
1
Qie = Bawana(k18C1s)7., (19b)
C _ Rs + h;gA;5C;8 (19C)

CF FuE4 + hieh;e

and

Q19 = FLE,C . (20)

CF

With some value for CC we proceed to the calculation of Q;o, Qi:,

Qi6, Q17 and C;6. Egs. 1la, 11b, 12a and 12b read

Qio = h10A1o(CC — Ci10) > (11a)
A +
Qio0 = Ei%:LQ (k10C10)° , (11b)

Q11 = h11A11(CC — C11) (12a)
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A 1
Q1 = L;_—l—i (ky1C11)7 (12b)

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

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

C1=C a=ki

c’ t.h

ii

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

concentration Ci:

2 2 _
Ci (2C1+a)Ci + C]_ 0 .

From Eqs, 11b and 12b, the flow rates Qo and Q,; must be positive, so

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

C Cy i 10, 11
. = sy 1 = ’ ’
* cl+3<1+ 1+Cl)
2 o
and
P.A, 1
_ o tid = .
Qi =< (kiCi) , 1 =10, 11 .
i
By putting
C1=CC,

BaWs \*
= <—h§_1 z‘> kis »
Cis can be calculated in the same fashion (Eqs. 17a and 17b) and the

flow rates Qi ¢ and Q,; are

1
Qis = 33W3A16(k15C15)T ’

Q17 = F3E3CC .
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We continue with step 4, the calculation of the flow rates Q,s,
Q.4 and Q:s, and the corresponding concentrations C;s, C,4 and C,s,
using Eqs. l4a, 14b, 15a, 15b, 16a, 1l6b, 22a, 22b, 23a, 23b, 24a and
24b. Note that the secondary system and the steam system are coupled

by the equations

Qis = =Q21, Q14 = =Q22 and Qs = -Q2s .

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

be written in the form

P + ¥
(€1 =) = ¢ 0™ = aqep?] @)
hy (€, =€) = h (C2—Cp) , (b)

where K = 13, 14 and 15, C, = C,, L = 21, 22 and 23, and we identify

C’

C, as C C.. and CSR for K = 13, 14 and 15, respectively. We can

SG*> ”ss
solve Eq. b for CL:

C _ hK(Cl—CK) + hL02 _ h

L hL

(Cy —'CK) + Cz . (c)

il

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

L
Cémax)’ which is the value such that
h
—E (C]_ - C(maX)) + G, = 0 Y
h K
L
or
h
cmax) _ ooy L, . (d)
K hK

If we substitute (c¢) into (a) and rearrange, we have
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e )3 * %(
G = O e (L (R @ 0+ o] = [ (- e
KK L
or, more concisely,
CK = F(CK) .

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

(max)

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

K

F(0) >0
and

F'(C) <0, F'(0) = -
11
F'(C) > 0 .

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

‘x

F(CK)

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

(max)

For there to be a solution between zero and CK

, we must have

(max)

Cx

> 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) =C,6 — F(CK) .

K
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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

(max) . " - " ‘ " <
0 E-CK S-CK . Since G (CK) = -F (CK), G (CK) < 0, and the graph
of G(CK) looks 1like the curve shown in Fig. 3.
(max)
G(CK )
0 (max)
G(0)

Fig. 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 GlCK
K G2 - G1 ’

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

quadratic interpolation:

Go | 0606 0 (06 (0-6)  (, (0-61)(0-G5)

(1)
= et o+ c. + c.”’ .
K7 @6 (:=62) K " @61 (Ca6p) K T (@61 (GG ‘K

C
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With G"(CK)_i 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-

c (x) (T)

polation. If, however, is smaller than CK , we calculate

K
1 X
GX = G(Cé%)); and if this value is negative, we replace Cé ) by Cé ),
Gi by G_, Céz) by C(T) and G, by G, and repeat the inverse linear

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

and repeat the inverse linear interpolation. We terminate this process

when
(T)
_%
(%)
CK

1 <C

TOL °*

or when we have done 50 iterations. The tolerance CTOL is defined in a
DATA statement in our program. We have found that the procedure converges
in about four iterations for CTOL = 10~° and in about six iterations for

— -7
CTOL 1077,

The required flow rates Qis, Q215 Qiss Qz2, Qis and Q.5 can now be

computed from
Q; = hyA;(Cp = Cyp)

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 + Qi1 + Qus + Qus + Qis + Q16 + Ql?) ’

and from Eq. 13a,

C12=C_£¥._.
C hiA,
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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)

l 1 t 2
C, = E: [(k1zc12)7-—'%iigf]

s

and finally,

cc — Q2
CF C, hoh,

If the computed value for C_ is negative, we need a larger value for

F
CC’ so we double our previous guess and return to step 3. If positive,
we proceed to step 7, the computation of the remaining flow rates Q;,
Q2s Q3, Qs, Qs, Q7 and Qg and the concentrations Cs, Cpp and Cy.
We can write Egqs. 1, 2 and 3 in the form
Pify + .
Qg = hA; (Cp - Cy) = —E;- k,C)" » i=1, 2,3,

and with

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

_ [ BywW; \?
o = hs k5

so that we can calculate Cs, and from it

1
Qs = B1WiAs (ksCs)? . (5b)
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Again, Eqs. 7a and 7b can be written as a quadratic for C; with

BoWy |2
c= |\ .
so that we can calculate
1
Q7 = BaWaAy (ksCy)7
Qg = F2E2CFF
and
8
R, = 2. Q - Ri - Ro
i=1
where CFF is
1
- MU -
Cop = k7<k5CF) . (10)

This is the end of the first part of the procedure if RF is small

enough. We test the condition

Rp

R1+R,

<
TTOL

(where the quantity TTOL is defined in a DATA statement in our
program) and if it is satisfied, we proceed to the second part. If
not, we adjust CC in a variety of ways, depending on what information
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 RF 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+R3)
m = 10 RF 1
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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 Cji, C;4 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 T° the concentration of tritium in the

C

secondary salt, we compute

C

Quo = EQI Q1o (34)
C
C

Quy = EEI Q11 (35)
C

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

Cus = PGl 70
Qua = tlsﬁé:?}i13)i Cus (37v)
o - Pl o (e
Qua = tluﬁé:f};1u)% Cus (38b)
s - G e ox
Qus = ___PpisAis | Cus (39b)

t15(C1s/ky15)?
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CCT
Qi+30 = E;— Qi’ 1= 16, 17, 18, 19 (40_43)
Quz = R3=Quo~Qu1-Qu3-Quu-Qus-Que~Qu7-Qus-Quo (44)
and finally
= - Qua
Co2 = Cor = h)0A, '

If this value is negative, we have used too small a value for
CCT; in the same way as before, we double CCT and try again, starting

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

Cau = | S % Cyp _ t4Qup
3 ky (C12/k12)t  puAy

Again, if C3, is negative, we need to double CCT and try again.

When we have found a positive Cj3,, we compute

- _ _Qyo
CFT Csu hyAy

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

positive. We can now compute the flow rates

CFT
Q30+i =-(¥~Qi’ i=1, 2, 3, 5, 6, 7, 8
and
38

Our test is now on |RF/R1I, and we use the same adjustment and

interpolation procedures as for CC.
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IV, NOMENCLATURE

A = surface area, cm®

A

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

5X lO5

3.5 X lO6

4.9 X 10’

5.2 X 107

5.2 X 107

1.1 X 10
8.8 X 10
3.1 X 10

2.7 X 10

1.8 X 10

*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.



B = sorption factor, atoms/cm®atm’

36

/2

hydrogen + tritium on core graphite
hydrogen fluoride on core graphite

hydrogen + tritium on sorber in secondary
system

hydrogen fluoride on sorber in secondary
system

. 3
C = concentration, atoms/cm

Cr

CFF

hydrogen + tritium in bulk of primary salt

hydrogen + tritium as hydrogen fluoride in
bulk of primary salt

tritium in bulk of primary salt
hydrogen + tritium in bulk of secondary salt

hydrogen + tritium as hydrogen fluoride in
bulk of secondary salt

tritium in bulk of secondary salt

hydrogen in bulk of water in steam generator
(672°K)

hydrogen in bulk of steam in superheater
(783°K)

hydrogen in bulk of steam in reheater
(755°K)

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

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

hydrogen + tritium in salt at surface of
reactor vessel and heat exchanger shells

Reference

Value Name
B

3X lO21

3 X 1021

1X 1018

1X 1018
CF
CFF
CFT
cC
CCF
CCT

2 X 10lO CSG

9 X lOll CSS

1X lOll CSR
C
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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 7
C21 = hydrogen in steam at surfaces of steam
generator tubes in steam system
022 = hydrogen in steam at surfaces of super-
heater tubes in steam system
C23 = hydrogen in steam surfaces of reheater
tubes in steam system
C — [ p—
24 C33
034 = tritium in salt at surfaces of heat
exchanger tubes in primary system
€357C41 = =
042 = 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
El = removal of hydrogen + tritium from purge -1
stream in primary system 5 X 10
E, = removal of hydrogen fluoride from purge
2 . . =2
stream in primary system 1.7 X 10
E = removal of hydrogen + tritium from purge
3 . : -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~
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F = flow rate, cm®/sec

B

purge stream for removal of hydrogen +
tritium from primary system

purge stream for removal of hydrogen
fluoride from primary system

purge stream for removal of hydrogen +
tritium from secondary system

purge stream for removal of hydrogen
fluoride from secondary system

h = mass transfer coefficient, cm/sec

By

hydrogen through primary salt to surfaces
of hot leg in primary system

hydrogen through primary salt to surfaces
of cold leg in primary system

hydrogen through primary salt to surfaces
of reactor vessel and heat exchanger shells
in primary system

hydrogen through primary salt to surfaces
of heat exchanger tubes in primary system

hydrogen through primary salt to surfaces
of core graphite in primary system

hydrogen fluoride through primary salt to
surfaces of core graphite in primary system

hydrogen through secondary salt to surfaces
of hot leg in secondary system

Reference
Value

Name

3.6 X 10
3.6 X 10
5.0 X 10

5.0 X 10

1.6 X 10

6.0 X 10

9.0 X 10
1.9 X 10

3.0 X 1072

3.0 X 1072

7.4 X 1072



11

12

13

14

15

16

17

18

19

20

21

22

23

Henry's law coefficient,

0.83 X 10"24&0

hydrogen

40

through secondary salt to surfaces

of cold leg in secondary system

hydrogen
of tubes
system

hydrogen
of tubes
system

hydrogen
of tubes

system

hydrogen
of tubes

hydrogen

through secondary salt to surfaces
in heat exchangers in secondary

through secondary salt to surfaces
of steam generators in secondary

through secondary salt to surfaces
in superheaters in secondary

through secondary salt to surfaces
in reheaters in secondary system

through secondary salt to surfaces

of sorber in secondary system

hydrogen

fluoride through secondary salt

to surfaces of sorber in secondary system

hydrogen
of steam

hydrogen
of steam

hydrogen

through water to surfaces of tubes
generators in steam system

through steam to surfaces of tubes
generators in steam system

through steam to surfaces of tubes

of reheaters in steam system

(cm’melt) (atm.)
atom H

moles H, -1
(cm® melt) (atm.)

Reference
Value Name

3.4 X 1072

9.7 X 102

4.3 X 1072

4.7 X 1072

4.0 X 102

8.0 X 10+

8.0 X 1071

5.8
12

30
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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) -

Reference
Value

Name

1.2 x 107%

2.0 x 101

1.5 x 101

1.5 X 10°%

1.4 X 10°%

1.5 x 1071

3.4 X 1077

5.0 x 1071

4.0 X 1071

4.5 X 1071

3.5 x 101

4.0 X 1071

7

7

7

7

7

9

8

8

8

8

8

8
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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= -
k18 = hydrogen fluoride in secondary salt in
contact with sorber in secondary system -20
(773°K) 1.1 X 10
K19 = 7" -
k20 = —= —_—
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
H 3
(atoms H) (mm) - 1.5 X lOlép' (cm szsTP)(mIIl/)2
(sec) (cm?) (atm) 1/2 (hr) (cm”) (atm)
pl = 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
P, = at average temperature of metal in tubes
in heat exchangers in primary system 14
(873 °k) 9.0 X 10



pS—pg = -
P10
pll = at average
P12 T Py
P = at average
13
generators
P = at average
14 .
heaters in
pl5 = at average

43

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

temperature of metal in cold

leg in secondary system (723°K)

temperature of tubes in steam
in secondary system (723°K)

temperature of tubes in super-
secondary system (838°K)

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

Q3 = 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

= hydrogen + tritium to core graphite in
5 y
primary system

Q6 = hydrogen + tritium to purge in primary

system

Reference
Value

Name

1.1 X 1015

1.8 X lO14
9.0 X lO14

1.8 X lO14

6.7 X 10°°

3.5 X lO14
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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
R1 = tritium in primary system 5.8 X 1017
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
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Reference
Value Name
t3 = reactor vessel and heat exchanger shells
in primary system 50
t4 = tubes in heat exchangers in primary
system 1
th = hot leg in secondary system 13
tll = cold leg in secondary system 13
Y127 %
t13 = tubes in steam generators 2
t14 = tubes in superheaters 2
t15 = tubes in reheaters 1
U = ratio XUF /XUF 100 U
4 3
W = replacement rate, fraction/sec W
wl = core graphite or other sorber of hydrogen
in primary system 1
w2 = core graphite or other sorber of hydrogen
fluoride in primary system 1
W3 = gorber of hydrogen in secondary system 1
W4 = gorber of hydrogen fluoride in secondary
system 1

X = mole fraction
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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
othef 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 63 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, If the variable name refers to one of the named concentrations
(CF, CFF’ eeny 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

through n A maximum of

variables specified by the subscripts n 2"

1
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

37

1 T2 I3 54 %slfi 7 819110 11?12 1314|1516 [17{18 119 |20 21{22?23524}25 26]27 (28129 |30 |31 3:?33%34 35(36
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 CC and C the concen-

CT’

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

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

11

the program will use 1 X 10 for Cc and 1 X lO10 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
C

(c coey CSR) then just that concentration will be reset. If,

FF’

for example, after running the case specified by the "CHANGE" command

F’

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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1 2!3 4:516171819|10 11!1213 14115(16 (1718 |19 [20)21|22|23 |24 |25|26]27 {28|29 |30 {31|32(33 [34{35(36

37

//XXX1 J¢B (nnnnn), '"ADDRESS',CLASS=A
// EXEC FQORTHLG,GHSIZE=62K
//LKED.SYSIN DD =*
HEX DECK

/ % '
//G¢.FTO5F001 DD *
@UTPUT ALL PRINTER
RUN
CHANGE A

1 3 1.2 +6 1.0 +6 7.0 + 6
13 6 . + 7

0
RUN

LCH

*
/!

Fig. 4. Sample Problem Input



VALUES IN

ARRAY V

MAME A  DIMENSION 20 USED

1 2

6.,00000D0 05
-1.000000 00

5000000 0S
5.200000 07

—_8.80000D 06 = 4900000 07

c.0 -1.00000D €O

NAME B DIMENSICN

1 2

5 USEC

34000000 21 . .3.€00000 21

NAME C DIMENSION 50 USED

1 2

OCPLOODOCODD

L
s 6 0 2 0 8

OOD?OOO
[~ N-NeN-NoN-N-]

|
|
|
|

OODODODODOOOLOO

=]
.
o

NANE CN DIMENSION
1 2

10 USED

-1.000000 00
2.00000D 10

——...=12000Q00 QO
1.00000D 10
5 USED

NAME € CIMENSION

1 2

e - 52000000—-01. 1.70000D0-02

NAME F DIMENSICN S USED

1 2

3.60000D0 05 3.600000 0S5

" NAME H DIMENSION 25 USEC

i 2

1.600000~-02
-1.C0000D 0O
__3.40000C-02

8.00000D-01

5.800000 00

6.,00000D-03
3.000000-03
9.70000D~-02
-1.00000D0 00
1.200000 01

Fig. 5A.
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18 STARTS AT
3

3.500000 06
-1.0C0GC0D 00
. 3.100000 a7

0.0

4 STARTS AT
3

- 1.000000 18

45 STARTS AT
3

¢ o o &
[N -NeNoN-RoloRe]

Y- XXX =X~
[

]
o

S STARTS AT
3

-1.00000D0 00
9.000000 11

4 STARTS A7
3

1.8C000D-01

4 STARTS AT
3

5.0C000D 05

23 STARTS AT
3

9.0C0000-05
-1.000000 00
4.3C0000D-02
8.000000-01
3.00000D0 01

4
4.900C00 07

-l 000CCE €O
2. 700CCC 07

21
4
1.000CCD 18

26

4

1.000CCD 11
1.000GC0 11

86
4

1. 800CCC-C3

91
4

5.00CCCC C5

96
4

1.900CCC~02
-1« COCCCD 00
4.700CC0-02
-1.000CCD 00

5

5.2CC00D 07
1.100000 07
1.800000 07

ODOMOCOODDOO

DOO0OOHODOODODOOD

5

-1.C0000D 00

5

3.000000-03
7.400000—~02
4.CC000D-02
-1.€0000D0 ©C

List of Parameter Values Used in Calculation .



VALUES IN ARRAY V

NAME K DIMENSION 25 USED
1 2

1.20000D0-17 2.000000-17

-1.00000C 00 1.500000-19

—  5400000D-18 _ 4.00000D-18

4.400000-18 -1.00000D0 GO
4.50000D-20 5.10000D-20
NAME P DIFPENSION 20 USED

1 2

2.100000 15 6.70000D 14

~-1,000000 00
1.80000D 14

-1.00000D0 0O
9.000000 14
NAME R

CIMENSION 10 USED

i - R SO

5,800000 17 0.0

NAME T DIMENSION 20 USED

1 2

T 1.300000 01 1.300000 01

-1.000000 00 -1.00000D GO
1.300000 01 1.00000D 00

NAMF DIMENSIOMN
e b 2

5 USED

1.00000D 00 1.00000D0 00

NAME N CIMENSION 1 USED
1 2
 1.120000-06
NAME U DIMENSTION 1 USED
1 2

- -.... ho00000D 02

54

23 STARTS
3

AT

1,500000-17
-1.0C0000 00
_44500000-18

1.100000-20

4.,80000D0-20

15 STARTS AT
3

9.00000D
-1.000000
1.8C000D0

14
0o
14

S STARTS
3

AT

0.0

15 STARTS
3

AT

5000000
- l .000000
2.,000000

o1
00
00

4 STARTS
3

AT

1,000000 00

1 STARTS AT
3

1 STARTS AT

3

121
4

lo 500CCD~-17
~-1l.000CCC 00
3.500CC0-18
-1, €00CCD GO

146
4

9.000CCD 14
~1.000C€CD 00
6.700CCD 14

166
4

0.0

176
4

ce
00
ao

L.000CCD
-l.000CCC
2. 000CC0

196
4
1.000CCD OC

201
4

202

Fig. 5A. (Continued) .

- 1600000

5

1.4C0000~117
3.4C000D~18
4,€00000-18
-1.€0000D0 00

5

-1.€0000D
1.100000
3.500000

oc
15
14
5

C.0

5

-1.€00000 0C
1.30000D 01}
cC



I TERATIVE SOLUTION FOR CC
NCC CCl ccL
0
1 2.52116D 10
2 2.52116D0 10 5.93131D 10
4 2.52116D 10 5.740250 10
ITERATIVE SOLUTION FOR CCT
NCC cCl cCcL

0 1.00000D0 10
1

Fig. 5B. Output from Iterative
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cCX

5.74238D 10

5.74012D 10

ccX

RFX

3.47462D 17
-2.912240 17
1.62379D 16
1.92741D 14
1.13535D 13
1.02747D0 08

RFX

-4, 714000 17
4,33784D 16

Calculations.

cc2
1.000000 11
1.00000D 11

5.742380 10

cc2

5.74012D0 10
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DUTPUT 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 8Y 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 PURGFE AS TF
CONCENTRATIONS IN SECONDARY SALT
H +# T (CC)
T (CCT)
HF (CCF)

PRIMARY SYSTEM
FLOWS
H + T THRU WALLS INTO CELL
T THRU WALLS INTO CELL
SORPTION BY SINK
H+T
I
HF
TF
REMOVAL BY PURGE
H + T
T
HF
TF
FRACTION OF T
PASSING THRU WALLS INTO CELL
SORBED BY SINK AS T
SORBEL BY SINK AS TF
REMOVED BY PURGE AS T
REMCVED BY PURGE AS TF
CONCENTRATIONS IN PRIMARY SALTY
H + T (CF)
T{CFT)
HF (CFF)

Fig. 5C. Output Summary.

1.710720 17
1. 763100 17
-5.238000 15
3.03983D-01

17
17
16
16

2.385010
24390470
64226260
5¢79300D

COOCo
¢ ¢ s 6
[« NeNeNe

15
15

5.166110
4.80662D
0.0
0.0

9.98793D-02
0.0
0.0
8.28727D-03
0.0

5.74012D
50340690
0.0

10
10

3.684360D
3.67847D

15
15

4.45130D 16
4.44419D 16
2.328070 17
2.32435D0 17

5.136120
5.127910D
9.133210
9.11861D

6.342190-03
1.66239D-02
4,007500~-01
8.84122D-02
1.572170-02

2.85340D0 11
2.848840D 11
1.492350 12
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A t 1., 3)
.. —-ke20000C 06 ..1.000000 Q6 7.49CCCAD Q6
A (13,13)
6.20000D 07

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

" DIMENSTON 20 USED 18 STARTS AT
1 2 3

NANE A

1.20000D Q6 1.000000 06
-1.€00000 OC 5.200000 07

—— 8280000D 06 = 4.900000 017 .
0.0 -1.000000 ©O

7.000000 06
-1.0000G0 00

0.0

DIMENSION 5 USEC 4 STARTS AT
1 2 3

MAME B

—  3.C00000 21  3.000000 21 . 1.0C0Q00D 18

NAME C DIMENSIGON S0 USEC 45 STARTS AT

1 2 3
T-94414D 07

6.585480 07 1.620350 05

0-.0 e lQ_QZﬁ 59‘95 . Qa0 e e
2996290 09 2.,873180 11 6.774C8D 08
4.,061490 Q2 0.0 0.0
2038670 10 9.00153D 11 1.00069 11
0.0 0.0 0.0
0.0 0.0 0.0
— Qe SRS ¢ Y I . . a0 .

0.0 1.05570D0 11 3.167720 08

KAME CN OIMENSION 10 USEC 9 STARTS AT

1 2 3

e 3118030 11 156002012 . 2.90143D0 11

5.43552D 10 2.00000D 10 9.000000 11
NAME E DIMENSION 5 USEC 4 STARTS AT
1 S 2 3

— 5.000000-0) 1.70000D0-02  1.800000-01

_ NAME F = ODIMENSION 5 USED 4 STARTS AT
1 2 3
'3.600000 05 3.600000 05 5000000 05

NAME H DIMENSION 25 USED 23 STARTS AT
1 2 3

1.600000-02 6.000000-03 9.00000D-05

-1.000000 00 3.000000-03 ~-1.0C000D 0O

— 3.40€000-02 9.70000D0-02_.
8,00000D-01 -1.000000 CC
5.80000D 00 1.200000 01

8.000000~-01
3.0C0000 01

Fig. 5E.
"CHANGE" Command.

6200000 07

. 4.300000-02 .

List of Parameter Values Used

4

4. 900CCD 07
~-1.000CC0 QO

- 2 700CCD 07

21
4

1.000CCD 18

26
4

7.732730 10
0.0
1.3795¢€C 10
0.0
0.0
0.0
2.86783D 10
0.0
4745S7C 08

76
4

.5«2842C0 14
1. 000CCC 11

86
4

. L« 8Q0GCCL-03

91
4

5.000C0D 05

S6
4

1.900CCD~-02
~1.000CCL 00
4«700CCL-Q2
-1.COCCCD €O

5

5.200000 07
1.1C0000 07
1.800000 07

5

6.944380-09
6.13618D 08
1.41313D 0S
0.0
.0
C.C
C.0
0.0
1.165100 08

5

3.000000-03
1. 40000002

. 4.00000D-02

-1.C00000 0C

in Calculation After
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"NAME K DIMENSION 25 USED 23 STARTS AT 121
1 2 3 4
1.200000-17 2.00000D0-17 1.500000-17 1.500CC0-17
-1.000000 00 1.500000-19 =-1.000000 00 =-1.COCCCC OC
o _54000000-18  4.000000-18 4.500000~18 3.5000CC-18
4.40000C-18 -1.000000 00 1.100000-20 =-1.000¢C0 0O
4.500000-20 5.100000-20 4.800000-20
NANE F DIMENSION 20 USED 15 STARTS AT 146
1 2 3 4
~ 2.100000 15 6.700000 14 9.000000 14 9.000000 14
-1.€0000D0 00 =-1.000000 00 =-1.000000 00 =-1.00CCCD 0O
1.80000D 14 9.000000 14 1.800000 l4 6.700CCD 14
NAME R DIMENSION 10 USEC 5 STARTS AT 166
X2 3 4
5.800000 17 0.0 0.0 0.0
NANME T OIMENSION 20 USED 15 STARTS AT 176
1 2 3 4
© 1.30000D0 01 1.300000 01 5.00C000 01 1.000CCD GO
~1.€00000 00 =-1.000000 00 =—-1.000000 00 —1.000CCC 0O
1.300000 01 1.0000€D OC 2.000000 00 2.000CCC 00
NAME W DIMENSICN 5 USED & STARTS AT 196
_ N 2 3 4
1.€00000 00 1.000000 G0  1.000000 00 1.000CCC 00
NANE M CIMENSION 1 USEC 1 STARTS AT 201
1 2 3 4
s e e e
NAME U DIMENSION 1 USED 1 STARTS AT 202
1 2 k| 4
. leCO0OQOD 02
Fig. 5E. (Continued).

5
1.400000—-17
3.40000D-18

4,C0000D-18
-1.C0000D 0OC

5
~1.C0000D OC
1.100000 15
3.50000D 14
S

C.C

5

-1.C00000D
1.300000
1.€00000

00

0¢
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ITERATIVE SOLUTION FOR CC
NCC €Cl cCcL ccx

0
1 3.24168D 10
2 3.24168D 10 4.44522D0 10
4.41906D 10
4 3.241680 10 4.41900D0 10
ITERATIVE SOLUTION FOR CCT

NCC ccl cCL ccx

0
1 2672770 10

RFX

1.44089D
-1.339230
2.914080D
6.33182D
1.41909D

RFX

1.74565D
-2.02375D

17

15
12
11

17
17

cc2
5.74012D0 10
5.74012D 10

4.41906D 10

cc2

54340690 10

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

STEAM SYSTEM
FLOW OF H o T INTO STEAM SYSTEM
FLOW OF T INTO STEAM SYSTEM
FLOW OF H INTO STEAM SYSTEM
FRACTION OF 7 INTO STEAM SYSTEM

SECONDARY SYSTEM
FLOWS
H ¢+ T INVTO 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 7T
SORBED BY SINK AS TF
REMOVED BY PURGF AS T
REMOVED BY PURGE AS TF
CONCENTRATIONS IN SECONDARY SALT
H e T {(CC)
T (CCT)
HF (CCF)

PRIMARY SYSTEM
FLOWS
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 PURGFE AS T
REMOVED BY PURGE AS TF
CONCENTRATIONS IN PRIMARY SALT
H + 7T (CF)
T(CFT)
HF (CFF)

Fig. 5G.

1.85851D 17
1.89989D 17
4. 138110 15
3.27568D-01

2.38032D 17
2.38464D 17
4.82035D 16
4.47799D 16

0.0
0.
0.
0.

[eNeRe)

3.97710D 15
3.69463D 15
OQO
0.0

7.720670-02
0.0
0.0
6.37006D-03
0.0

4,419000 10
4.105150 10
0.0

7.26328D 15
7.25410D 15

4.38759D 16
4.38205D0 16
2.31135D 17
2.308430 17

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

1.250710-02
7.55526D-02
3,98006D-01
8. 71760D-02
1.561410-02

2.812560 11
2.809010 11
1.48164D 12

Output Summary (New Parameters).



ERRCR -

UNRECNGNTZEC INPLT

. CARD _IMAGE 1S. . 1 2 3 4 5 6 7 8

17345678901 2345678601234567890123456765C1234567890123456789012345678901234567890
ZILCH

Fig. 5H. Response to Unrecognized Command Card.

29



63

" ACRMAL STOP - ALL CATA PRCCESSED

IHC0021 STOP 0

Fig. 5I. Normal Ending Message.
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APPENDIX

PROGRAM LISTING



LFVFL

ISN
1SN
TSN
ISN

TSN
1SN

iSN

1SN
isSN
1SN

1SN

1SN
ISN

1SN

15N
TSN
TSN

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

1SN
1SN
I SN
TSN
TSN
TSN
TSN
iSN

1SN
ISN
TSN
TSN
TSN
1SN
ISN
1SN
TSN
TSN
1SN
1SN
1SN
TSN
1SN
1SN
SN
ISN
TSN
1SN
f SN
1SN
1SN
1SN
1SN
1SN
TSN
1SN
1SN
1SN
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21.6 (DFC 72} 087260 FORTRAN H DATE
COMPILFR CPTIONS = NANF=  MAINL UPT=U2.LINECNT=G5,SIZE=0000K,
SOLRCESEBLDICeNUL ISToACCECK,LCACSNOMAP,NCEDIT,NOIC o NOXREF

n0o2 TMPLICTT REAL®B (A-Hs 0-4)
0003 REAL®R K,V
0004 REAL®S HALLoHCUTSHLRRVHPRT HCFALFRES, FRUNGHBLK +FTEEJCARD
0005 DIMENSTICN 80204« BI%)e CI590)s CNILEODs E(S)s F(5)s HI25)e

1 K{25)e FL20}s RE10De TE20). WiS)e CARC(20), VALUIT)
0006 DIMENSTCN C(S0)
0007 FQUIVALENCE (ALLI.VILI). (BU1)eV(2103, (CCLIavi260D,

1 ACALLIeVET60 )0 CETLDoVIBO) )0 (FLEDeVIGI)IalH{LDoVISO) ),
2 (KEL evIA2U))e (PLLIaVILG6D ). (RUDIoVIL66I) s LTCLIGVILTED),
3 WL ev(1S63 ). 1MoV I201D ) (Levi2C21)

0008 FQUIVALENCE (CN(LI+CFle (CNE2D4CFF)e (CNI3},CFTH, (CNC4).CCH,
1T (CM5)eCCFle (LN(O}oCLTHe (CALTD4CSGIe (CN(BIWCSS)s (CNES)HCSR)
0009 COMNON/RLK2/TAy 10UT+ IPRs KCLT. KPR
0ot0 COMNCN /BLKL/ VI(250)
o011 COMMCN/BLKY/ 1UIMI20)s TUSE(ZC)s NMU2C)s IBEG(2C)s NMCA(1C),
1 AVARGACN
0012 DATA FALL/4HALL /«HUUT/4HUUTP/o+CREB/4FCRRE/ JHPRT/GHPRIN/,
1 HCHA/4HCHAN/ s HRES/4HRESE /s FRUN/GFRUN / «HBLK/4&H /
0013 NATA XCLCG/2.300/ JHTEE/4RT /7
aol4 DAFA CTCL/1.C-7/ TTOL/LGD-T/
4
[ CTOL ANC TTGL AKE THE CONVERGENCE TOLERANCES FOR CSCLVE
o ANLC TE RESPECTIVELY.
4
c MALN PRCGRAM FUR CALLULATICN OF MSEBR TRITIUM FLOW
C
[+
4 SET LP REFERENCE VALUES TN WORKING ARRAY V
C
0015 CALL SETREF(HELK)
[
[+ RFED A CARD AND CHELK FOR INSTRLCTIONS
[+
a0t e 100 RFACHIN.LILENC=997) CARD
0017 1 FCRMAT(2084)
6018 IF{CARD{1} .NE.HOUT) GU TO 120
C
4 SET CUTFUT UNIT NUMBERS
4
0020 TFLCARD(3) NF.HALL) GO TO 118
0022 [FICARD(4) .NE.HCRE) GO TO 105
0024 1C4 KOUT=TCLT
€025 KPR=TCUT
0026 G0 10 100
0027 1C5 IF{CARDI4)FC.HPRT) GO TU LIC
0079 WRTTE(KCLT 2)
0030 2 FORMATUL® CLTFUT NUT SPECIFIEC CORRECTLY?)
0031 WRITF(KCUT,20) (Iel=is8)e CARL
0032 20 FORMAT{® CART IMAGE IS*+1Xe8(SXIL)/15X,E(10H12345678901/15X,20A4/
1 1x)
0033 WRITELKCUT.21)
0034 21 FORMAT(® ALL CUTPUT TU SUMMARY LNIT')
0035 GC TC 1C4
0036 110 KOUT=[FF
0037 1164 KPR=IPR
6038 GG 1C 100
0039 115 KCUT=FCLT
0040 60 1€ 114
4
c CHECK FCR CHANGES IN WORKING VALUES
o
0041 120 TFICARDIL) JNE.HCHA) GO TO 135
0043 CALL MATCHICARUEZ) o NMeNVAR S NK)
0044 TECAKLAELO) GC T 125
0046 CALL MATCHICARDII) e NMCNaNCNoNC)
0047 TF{AC.NELO) GC TO 121
0049 WRITE(KCUT o)
0050 4 FORMAT(® ERRCR IN CHANGE SPECIFICATIONS®)
€051 1C6 WRITF(KEUTZ20) (fefxledds CARL
0052 60 10 100
0051 121 RFAC{IN,7} VALUIL)
0054 7 FCRVAT(EL0LO)
0055 J=IREGI4)+NC-1
0056 VUJIavALU(L)
0057 WRITE(KCUT12) CARD(3)eVALULLD
0058 17 FCRFATILIX, A4e1PELSL5)
acs9 60 1 1C0
0060 125 RFACUTAG2) N1oN2oVALY
0061 3 FORMATI213.TE1U.0)
0062 IFIN.FC.0) GC TU 10D
0064 J=TREG (AK)~1¢N1
no6s IF(A2.,FC.0} M2=N1
co67 L=l
0068 DO 130 A=h1.N2
006S VI =vALULL)
a070 P=L+1
ao71 J=d+l
0072 130 CONTINUE
0073 NV=A2=-N1+1
0074 WRETEAKCLY o133 CARDE33oNLoN2, {VALUEL) sL=14NV)
0079 13 FORMATUIXG A4+ 430d2+%0% 124" 1%/(1X1PSFL4.5))

T4.3C4/09.17.44
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GC 1C 125
CHFCK FCR RESET — PUT REFERENCE VALUES BACK INTO V

[FECARDIL)JNELHRES) GU TO 15C
TFICARDI3).NEL.HBLK) GU TU 137
CALL SETREF(CARDIN)

6G TC 100

NAME AOT PLANK — TEST AGAINST NM ARRAY

CALL MATCHICARDL(I} JNMoNVAR,NK)
TFEAK,NELD) GC TO L36

AO MATCH FOUND IN NM = TRY AMCN

CALL MATCHUCARD(3) 4 NMCNeNCNo AC)
IFIM.MNELO) GC TO 136

WRITE{KCUT 5)

FORPAT(" ERRCR IN RESET SPECIFICATIONS®)
6C TC 1¢é

CHECK FCR PRINT

IF(CARDI1).NELHPRT} GO TO 155
IFLCARC(3) LNE.HBLK) GU TO 152
CALL LCCK{CARD(3))

60 10 100

MAME NCT BLANK - TEST AGAINST NM ARRAY

CALL FATCHICARDII) «NMoNVARINK)
IFIAKLAELO) GC TD 151

AC PATCH FCUNU IN NM - TRY AMCN

CALL MPATCHUCARDE3) +NMCNGNCNWNC)
TF{NC.NELO) GC TO 151

WRI TE(KLUT.8)

FORMATL® ERRCR IN PRINT SPECIFICATIONSY)
60 1C 1C6

JFECARD (1) .EC.HKUN) GO TO 160
WRITE(KCUT «6)

FORMATI® ERRCR —~ UNRECOGNIZEC INPLT')
60 TC 106

KTRY=1

1SW=1

NCC=0

€C2=0.00

CHECK FCR FAILURE TO SET CC ANC CCY

TFICC.LEL0.00} CC=i.D11
IF(CCTLLEL0.CO) CCT=1.D10

FRIAT WCRKING ARRAY V UN LINE PRINTER

KSAV=KCLT
KOUT=1FRR

CALL MEWPG
CALL LOCK{KBLK)
CALL NEWPG
KOUT=KSav

GG 1C 2¢0

GET C(18)s CCFe Q{183 AND €(19)
ECS. 19448+ 20, 218

clt18)=0.D0

CCF=0.00

c{18)=0.L0

0(19)=0.C0

CALL MEWPG

TFERIS) LEC.0.00) GO TU 205
FE=F(4)%E(4)

HA=H{18)%A(18)

FEPH3HASFE

Buw=R{4)enla)
AFSCx={BRSFEPH/IFE®HIL1B)) ) ox20x (18}
ALFA=R{S)}/FE

CUIB)=ALFA*R2/{ ALFA+.5DU%BESC*{1.DC+DSCRTI1.00¢4,CO®ALFA/BESQ)))
CULB)=PR*A(4)PDSQRT(C(IBI*K(18)}
CCFz{R(5)+FAPC(18))/FEPH
Ql16)=CCF*FE

CONTINLE

REGIM CALCULATION OF QUANTITIES CEPENCENT ON CC
GET CU1C)e CCLL)s QL10)s CU11)
FOS. 114,R¢ 12448

NCC=NCCe])
IFINC.LE.S0) GO TD 301
WRITE(KCUT435) HBLK
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o157
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0l62

el
0165
0166
0167
ai&8
0169
0170
0mn

otr2
0173

G174
Q176
c177
0178
gL7s
0180

o181
01813
0184
o185
0186

0187
0188
189
atsa

[ 8-31
o192
0193
0194
196
0197
al9s

a199

0200
0202
0204
0205

0206
0207
02068

0210
021
0212
0213
02ts
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35 FORMAT(® FATLURE IN SULUTION FOR CC*.81)
GO 10 1CO

3c

ac

1

w

315
30

DO 305 I=1G.11
ALFASRKETIO(PIII/UTLLI®HLL) ) )*e2
CALL COLACICC ALFALCLLY)
OfT)=PLE)SACL)*OSORTIKIII*CLLII/TLT)
CONTVIMLE

GET Cll6). Gllod — EUS. 174.8

Bw=fi3)en{2)
ALFA=K{L6)9(PW/H(1b)I*e2

CALL CCLADICC ALFAJCLLO))
Q(163=Bw*A{L6)SUSURTIK{L6I*C{16))

GET CH17) - EQ. 18
QILTI=F(II*ELII*CC

GEY C(13)« 0{13})s Clléede Cl14), CL15), O(15)
ECS. 1448,B, 22A¢ L15A¢Be 234+ 16448, 244

IGOCF=0

CALL CSCLVEICCCSGePI13)eT{13)sP(13)eF(210eK(13),K121)4CTCL,
1 IGCCF.C(13).C(21))

IFCIGCCFLLELQ) GU TU 32u

K1=13

K2=21

€2=CSG

WRITF(KCUT 4301 KieK2

FCREATL® FAILURE IN SULUTION FCR C{'y12+4*) AND C(*,12.%)*)
1G0CF==1

CALL CSCLVE(CCoC2oPUKEIoTUKLIoF{KLI ok {K2)IoKEKL) K{K2}oCTOLW
1 IGLCF.C(K1)C(K2))

60O 10 100

320 CALL CSCLVFICC.CSSeP{1la)eTlil4)obi1a)ehi22)0KILa) K{22)CTCL,

1 IGCCFeCLlaboCl2211
IFUIGCCFLLELQ) GU TO 425
K1=14
K2=22
C2=0S88
G0 YQ 315

325 CALL CSCIVELCCeCSRePLLO) o TELS o l1Sdor{22)eKE15)0K(23),CTCL,

330

33

5

80

3136

34

B

5S¢

0

1

o

1 [GCCFC{151.CL23})
FFIIGCCFLLELO) GO TO 330
Kl=15
K2=23
C2=CSR
G0 Y0 318

COL3)eQ(Z2Ll)ewli%}eG(224.Q{150.0122}

D0 335 1=12,15
QUIN=HEEI*C1)x(CC-CLIN)
QB +1)=-CL1)

CONTIALF

GET C(1Z}. Clw) Anu ({121 - EQS. 214. 13A.8

C112)=R(3)14R(4}-0010I~0LL 1I=-CM123=-C R4 I-0(15)1-0(16)-0117)
Q4 )=-CL12)

CLL20=CC-C(12)/(H{121%Aa(%})

TF{Ci12).6Y.0.D00) GO TU 340

1c=12

WRT TE(KTLT 480} NCCeHBLKeCCe FCoeCHICH

FORMATI1Xe13,*% CLP0ALle? =%, JFELGL5," CU',12,%) =%,E14.5)

TF C112) 1S NEGATIVE. ADJLST CC ANC TRY AGAIA
CO=0L+0C

SEE IF AN UPPER LIMIT (CCZ) wAS FCUNC.
IF SC. CC NOT EXCEED IT.

TF{CC2.EC.C.CO} GO TU 300
TF(CC.LT.0C2) GU TU 300
CC=0,50C*{CC2+4u.5D0%CC)
6C 1C 300
GET Cl4) AND Cr ~ FOS. 1328 44,8
CAeI=(DSCRTIIKIL2)®C UL I=UE12)9 T4/ IPLA)¥ALG)) )*e2/KL4)
CF=C(4)-Cl12)/(Hl4)%A(4})}
IFICF.GTL0.CC) GO TO 500
IF CF IS NEGATIVE, ADJUST CC ANC TRY AGAIN

WRITE(KCLT 811 NCCoHBLKeL Lo HEBLKGCF

FORMATEIXeT3¢® LCPeAly? =2, JPE14.5,% CF*yALs' =1,El4a51)
GG 0 336

TF(KTRY.AELL) GG TO 501

RF1=0.CO

RF2x0.0C
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noo

50
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55
530
56

515

516
51

52C

530

535
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KTRY=2

NCC =0

WRITE (KCLT¢SCIHALK

FORMATI® TTERATIVE SOLUTICN FCR CCYoAL/EX/
T * NCC'obX o' CCL e hlXa?COL e 11X COX o 1EXe "RFXY (10X, *CC2t /XD

BEGIN CALCULATION OF QUANTITIES CEPENCENT ON CF
GET Cil)e Cl2)s CU3)s QLL)e QL2)e CHI)
EQS. 1M44Bes 24¢8B¢ 3A.B

DC 505 Ist.3

ALF A=K(TR®(PAII/(TCLIsH(TI) hne2

CALL CCUACICF.ALFALCILY)

OlT )=P{T)*ALT)*DSOURTIKLII*CRIDI/TLTY
CONTIMNLE

CEY C{S)e CUYH) - E0S. 54,8
Ru=P{l)owl])
ALF A=K (5} (Bw/HI5) )82
CALL CCLADICFALFALCIS))
Q(S)=AReAIS)I*DSCRTIK(SI*C(5))
GFY C{6) -~ EC. &
Ql6)=F{1)*EL)1}*CF
CET CFF - EC. 10
CFFEaMPLADSCRTEKISISCFI/KLT)
CEY C(7)e €I ~ EQS. TA.E
RxP2)9u{c}
ALF A=K (TI® (BW/HIT))*s2
CALL CCLAD(CFF.ALFALCLTI)
07 )=BhoALTI*DSCRTIK(TICCLTI)
CFY CIB) ~ EC. 8
QU8 )=F(2)%EL2)*(FF
CALCLLATE RF FOR EQ. 9
RSUM=R(LI+RI2)
RE=CI1ISCE2D4CE+QI4I4Q(5)¢CLOI+0(T)eQ(E)-RSUM
TE=RF /RSUM
TEST CCAVERGENCE
TFL{OABS(TE).LT.TTUL) GO TO 7CC
ACT CCAVERGED ~ CHECK KTRY T0O SEE wHAT NEXT
EFCKTRYAFL2) GU TO 540

KTRY=2 FEANS PRELIMINARY SEAACKF FCA CC1 AND CC2
WHICH BRACKET THE ANSWER

IF (RF.CT.0.[0) GU TU 510
ccl=Cc

RF1=RF

WRETE(KCUT ¢55) NCLoCLCL4RFL
FORMATIIXe I3, 1PEL 925 ecBXeELlGLE)
GC 10 515

cc2=cC

RF2 =RF

WRITE(KCUT +56) NCCeRFZLCC2
FORMAT{1Xe13,42%e IP2E1445)
IFLRFI*RF2) 530.520.516

RF1I#RF2 PCSITIVE SHOULD NEVER FAFFEN — SOMETMING WRCNG
WRITE(KCLUT51) HBLK
FCR¥AT(® RFIZRF2 POSITIVE - SCMETHING FCULED UP IN CC*.AL)
GO TC 1co

STILL LCCKIAG FUR ONE LIMIT - ALJUST CC AND TRY AGAIN
KEEP ADJUSTMENT FACTOR LESS THAN 1CO AND GREATER THAN .01

TEXCLG=TE*XCLLG
TFICABSUTEXCLG)4GTa%26D0) TEXCLC=DSIGN(4.6D0,TEXCLG)
ADJ=aDLCGICC)I-TEXCLG
CCxCEXPULACY)
G0 10 300
RF1%AF2 NFGATIVE — ANSWER ERACKETEL
KTRY=3
INVERSE LINEAR INTERPOLATICA

CLL={RF1*CC2 -.RFZ‘CCll/(RFl-FFZ)
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annn
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~

540

52
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>

57C
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¢
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KTRY=4

FF{ISw.EC.2) GG TO 537
CC=CCL

6C 1C 3CO

ccer=ccL

GC 1C 7C5

IFEXTRY.ECL3) GU O 535
TFIKTRYNEL4) GG TU 555

KTRY=4 MEANS INVERSE LINEAR INTERPCLATION HAS BEEN
COPFLETED AND RFECCL) CALCLLATEC

WRITE(KCUT452) NCColCLoCCoRF,(C2Z
FORMAT(IXs1341P2E1445¢14X02E14.5)
RFT=RF

INVEFSFE CUAURATIC INTERPCLATICN

DI=RF1-RFT

N2=&F2=-RFT

D3=02-N1

COX=CCLORFI*FF2/ (DL*0Z)-CCLoRFT*RF2/{C1*D3) +CC2%RFL*RFT1/{D2#D3)
TFICCXalTLCCL) GU TU 545
TFECCXaCTLCC2) GN TO 545
KTRY=S

TF{ISWLECLZ) GO TQ 5S4
CC=CCx

6C 1C 3Co

COT=CCX

GO 1C 7CS

[FIRFTLLT.C.CC) GO TO 550
€c2=cCL

RF23RFT

GO Y0 520

cCcr=Ci

RF1=RFT

GC TC 530

KTRY=5 MEANS INVERSE QUACRATIC INTERPOLATION HAS BEEN
COMPLETED AND RFUCCX) CALCLLATEL

IFIKTRY.NFLSY GU TO 585
RFX=RF

WRITE(KCUT ¢53) CCXeRFX
FCRMAT(IZ2X41F2E1%.5)

TEST RFT AND RFX TOU SEk WHAT NEW LIMITS ARE

TF{RFX.CT.C.LO) GO FO 570
IFLRFTLGTL0L.E0) GU TO 565
IF(DABS(RFX).GT.DABS(RFT}} GC TC S¢¢
€Cr=CcCX

RF1=RFX

GO 10 530

ccz=cctL

RF2=RFT

GC TC 560

IFIRFT.LT.0.CO) GO TU 580
IF(RFX.CTLRFT) GO TO 565
CC2=CCX

RF2 =RFX

Gr IC 530

€C1=CCL

RFL1=RFT

GO 10 515

WRITE(KCUT+54) KTRY

FORMATIL® KTRY =t.14/% FRRUR®)
6r 1C 100

CALCLLATICN OF TRITIUN ODISTRIBUTICA - CCT SEY BY
CHAAGE INSTRUCTIUN

KTRY=1
TSw=2
NCC 120

GET CL4C) AND Qlel) ~ EQS. 34 AN[C 35

NCCTsNC(T+1
TFiNCCTLLELSC) GU TO 706
WRITE(KCLUT,35) HTEE

GC 1C 100

RATIC=CCT/CC
ClaCI=RETIC®C(LO)
O{41)=RATIC*C (11}
QSUM=CL41)+0{40)

GET Cl43)eCl4a)eCla50oCi42).C 44)sC145) - EQS. 3748, 38A.8,

0C 710 I=43+45

J=1-30
TC=TLJISLSCRT(CISI/KLS)
HICCP=TC*HLJD/PLI)
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C{EIsCCI*+TC LR/ LLLDUCRILOP)
QI = (Jheaty)ecld/TC
QSuM=CIT)+CSUP

710 CONTINGE

GET Cl46) THRU Ul49) — EQS. &0 THRU 43

DO 715 1246449
Ci1)=Q{1-30)*RATIO
OSUM=C{T e SUM
CCNYINUE

w

T
GET Ci42) ANU U(34) — EC. 44 — MATERTAL BALAMNCE

Q{42)=FI1~-CSUM
Qi34)=-Cl42}

CFT C(42) -EU. 36A — CHECK FCR POSITIVE

Cle2)=CCY-CLla2)/inll2)%Ale))
TFEC(4Z23.GT.C.0U 6O TU 725
1C=42
721 WRITEIKCUT ¢8C) MLTFsHIEL, CCTLIC,CLINOD
720 CCT=CCT+CCT
GE 1C 1705

Cl42) FCSITIVE - GET Ci34) - EQ. 288 - CHECK FCR POSITIVE

725 C134)a({042) /CSURTICEL2)/KEL21I=-T(4)SCL42}1/{PLLI*A(4) )} )IPDSORT(CLL)
$/Ktal)
IFLC134).67.0.C0) GO TO 730
fC=34
GO Y0 721

C(34) PCSITEIVE - GET CFV - EC. ¢8A - CHECK FCR POSYTIVE
73C CFT=CI34)-C{420/iH{4I*Al4))
TF(CFT.GT.0.) GG TO T35
WRETE{KTUT 810 NCLToHTEE+CCToFTEELCFT
GC TC 12¢

CFTe CL34) ANU Ci42) ALL FCSITIVE - CHECK KTRY
FOR KREXT STEP

3

wn

FFUKTRYJMELL) GU TD 750
KTRY=2
RF1=0.0C
RF2=0.CC
NCC T=0
WRITE(K(LT+50) HTEE
750 RATIF=CFY/CF
QTS¥=0.C0
no 755 1=31.238
TFET.ECL34) CC T 755
O(1)=RATIF*QLI-30)
755 CQTISA=LTSPeLL])
RF=CTSM~R1)
TF=RF/R(]1)
TFICARS(TENLLTLTTUL) GU TU 9CC
IFEKTRY AFL2) GO TD 790
TF{RF.CT.0.00) GU TO 760
CC1=CCT
RFL2RF
WRETECKCUT «55) NCCTLCCLeRFL
GC I &5
160 CC22CCT
RF2 =RF
WRITE(KCLT 56} NCCTWRF2.002
765 IF{RFI#RF2) 530,770,766
766 WRITE(KCUT.51) HIEE
G0 ¥C 100

STILL LLCKING FUR ONE LIMIT = ACJLST CCT AND TRY AGAIN
KEEF ADJUSTMENT FACTUR LESS THAM JCO AND GREATER THAN .01

770 TFXCLG=TF*XCLLG
IF(DABS{TEXCLG) 6T o 42600) TEXCLE=DSTEN{ 446000 TEXCLG)
ADJ=CLLCEICCT)-TEXCLG

CCT=CEXFLACID
6C 10 7C5
750 TFOKTRYLEC.3) GU TO 535
TFIKTRY NEL4) GO TO 795
WRT TEUKCUT 4521 NCCT4CCLeCCToRFOCC2
Gf 1C 542
795 IFIKTRYLAELS5) GG TO 585
60 T1C 556

CLTPLT SECTION
SUMMARY QUTPUT TO UNIT KOUT

900 CALL NEWPG
WRITE LKCUT 92}
§2 FCRMAT(® OLTPUT SUMMARY'/1X)
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ISN G427 OHTSS=CU13)0CI14)+0E15)
TSN 0428 OTSS=C(43140(44)+0(45
TSN 0429 OHS S=CHT1S5-0TSS
ISN 0430 RSUM=1.00/(R(II+RE3D )
ISN 0431 FRTSS=RSLNSQTSS
ISN 0432 WRITE [KCUT93) GHTSS,OFSSeCHSS,FRTSS
1SN 0433 S3 FORMATL® STEAM SYSTEM®/54,¢FLCh CF H ¢ T INTO STEAM SYSTEM®,
1 1PEL6.5/5Xe *FLOW UF T INTO STEAM SYSTEM®,E20.5/5XsFLCW CF H 7,
2¢INTO STEAM SYSTEM!,£20.5/5X.*FRACTION OF T INTC STEAM SYSTEM®,
3 Fle.5/1x)
TSN 0414 QhTFR=CO10DeCEL1D
1SN 0435 OTPW=C 40D 4CI41)
1SN 0436 FRTPRaCTPROIRSUM
TSN 0437 FTSSK=C{46)9RSUM
1SN 0438 FRYSF=C(4B)%RSUM
1SN 04139 FRRET=C(4TI®RSUM
1SN 0440 FRRPF=C(49)%RSUM
1SN 0441 WRITE(KCUT+94) Olads0i34) eOHTEMeCTPR.CULE)9Q(46)40(18)4CL48)
L 0017940470 4CU19)40(49) ¢ FRTPR,FTSSK.FRTSFe FRRP T, FRRPF
ISN 0442 WRITE LKCUT 4950 CCoCCToCLF
TSN 0443 94 FORPAT(' SECCNDARY SYSTEM®/¢  FLORS®/5X,*H ¢ T INTG SECONDARY ¢,
LOFRCK PRIMARY P4 1PEL425/5K+* T INTO SECCNCARY FROM PRIMARY®,E18.5/
7 SXe'H ¢ T THRU PIPE WALLS INTC CELLS®¢E15.5/5X¢*T THRL PIPE *4
3OMALLS INTC CELLS'4EL19.5/'  SCRPTION BY SINK'/SXe®H ¢ T4,28X,
4 F 14a5/5Xe* T9a32R0ELas5/5Ke *FF® eI IXeE14a5/5Xe " TF 931X eEL4a5/
51 REMCVAL RBY PURGE'/5Xe*H ¢ T9,2EXeE14a5/5Ke*T¢,32XsE14.5/5Xs
6UHF * 431X E14.5/5K+* TF9 431X E14.5/1  FRACTION CF T*/SX,"PASSING',
Tt THRU FIPE WALLS 'y 10XeEL%45/5%.*SCRPED BY SINK AS T',14X.EL4.5/
8 5X,*SCRAEC BY SINK AS TF'.13X,EL4.5/5Xs *REMOVELC BY PURGE AS T*,
9 12X,F14.5/5Xs 'KEMUVED BY PURCE AS TFS, 11X El4.5)
1SN 0444 95 FORMAT(®*  CCACENTRATIONS [N SECCNCARY SALT!/5X,*H ¢ T (CC)*023Xe
1 IPF1445/5Xs*T (CLTI% 026X+ EL4o5/5K et HF (CCF)'e25X0EL%o5/1X/1X)
ISN 0445 QFTRaCI118CI20¢G(3)
1SN 0446 OTW=Cl2116C(32)40(33)
1SN 44l FRY®C=CTWSRSUM
1SN 0448 FISST=CI35)0RSUM
1SN 0449 FTSSTF=C(37) 9RSUM
ISN 0450 FTRPT=C(36)%RSUM
1SN 0451 FTRETF=C{38) $RSUM
TSN 0452 WRETE(KCUT96) UHTWUTwew(5),C13514C(70,0137),0(62.0(361.C18),
1 CU38)oFRTMCLFISSToFTSSTF.FTRETFTRPTF
TSN 04513 WRITE(KCLTW97) CFeCFT.CFF
TSN 0454 96 FORMATUS PRIMARY SYSTEMI/®  FLCWS®/SX.'H + T THRU WALLS INTD ¢,
LOCELLY W 1PE21.5/5X¢*T THRY WALLS INTO CELL'411X.El4e5/*  SORPTION
2BY SINKO/SXe'H ¢ F'e20XeEL405/5Xe T1 022X EL4e5/5Xs "HE ¢ ¢31XeEL445/
3 SXoPTFOe31XeE14.5/"  REMOVAL BY PLRGE®/5Xe'H ¢ T*,28X,E14.5/5Xs
GITY 32X EL4aS/5Ke CHF ¢ e31XeELG.5/5Xs TF* 1N EL4.5/  FRACTION OF
5T¢/5X, tPASSING THKU WALLS [NTC CELL®,E19.5/5X *SORBED BY SINK AS *
6o tT I L4XeEL425/5Ke* SUKRBED BY SINK AS TF®, 13X, E14.5/5Xs "REMOVED *,
TYRY PURGE AS T9,12X.kl4.5/5X, "REMCVEL BY PURGE AS TF'.11X.E14.5)
ISN 0455 67 FCRMAT('  CCACENTRATEUNS IN PRIMARY SALT*/S5X,*k ¢ T {CF)*¢23Xs
1 IPEL4a5/5Xe *TULET) P o2 KXo EL42E/5Xs "FF (CFF) 925X, F14a5)
TSN 0456 CALL NEWFG
PSN 0457 60 TC 160
4
[4 END CF FILE DETECTEU UN INFLT UNIY
¢
ISN 0458 557 CALL MFWFG
1SN 0459 WRITE(KCLT,99)
TSN 0460 99 FNRMATI® NCRMAL STOP — ALL CATA PRCCESSEC®)
1SN 0461 STCF
1SN 0462 END
®OPTIONS IN FFFFCTH NAMEs  MATA.OPT=02,LINECNT=95,ST2E=CCCOK,
aNPTICNS IN FEFFCTH SCURCE«EBCCICINOLISTNCOECK,LCAL,NCMAP,NOEDI T,NOIDs NCXREF
SSTATISTICS* SOURCF STATEMENTS = 461 JPRNGRAM SIZE = 10188

*STATISTICS®

sesexs FND (F COMPILATION #9¢se»

DIAGNOSTICS GENERATED

45K BYTES OF CORE NOTY USED
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LEVFL

1SN
TSN

1SN
TSN
1SN
1SN

TSN
SN

ISN
TSN

1SN

*OPYINNS IN EFFFCT®
SOPTIONS IN FFFFCY®
®STATISTICSS
*STATISTICS*

*okxe FND CF COMPILATION ##%ess

21.4

0002
00013

0004
0005
0006
6007

0008
0009

00t0
no1l

0012

(DFC 72)

[ kaka Nz ¥al

NO

&

&

&

73

0S/360 FCRTRAN H

COMPILFR GPTIONS - NAME: MAINJOPT=02.LINECNT=G5,ST2F=0000K,

SOURCE «£BCOICNOLIST+NODECK<LCAC/NOMAP . NOEDITo NCID4NOXREF
BLOCK CATA
CCMMON /BLK3/ IDIMI20)0. TUSEL20)., NMEZQB, IBEG(Z20}. NMCN(10),
AVAR. AN
DATA IDIM / 2045050410050 5+2%425+2C+1Ce2045010146%0/
DATA TLSE / 1Be4s43s 904049234230 15¢ 5515+40101.6%0/
DATA IBEG / 1024026+76486¢91¢5601210146416641760¢1564201+20246%0/
DATA AP/4HA shnn » 4HC 24FCN S 4HE o 4HF +4hH .
4HK oHP v 4HR o &FT satu o 4HM v4HU /
DATA NVARs NCM / 14y 9 /
DATA NFCMN / 4HCF  o4RCFF o 4HCFT o 4HCC  (4HCCF o 4HCCT o 4HCSG o
4HCSS +@HCSR +4H /
COMPCA /BLX2/ INe LOUTs [PRs KCUT. KPR
DATA IAhe TCUTs IPK /54 204 6/

N - INFUT UNIT NO.
ICUT — AUXILEARY OUTPUT UNIT NC.
IPR  ~ LINE PRINTER UNIT NC.

FND
NAME=z  NAIN,OPT=02,L INECNT=$5,SIZE=0CCOK,
SCURCE«EBCCICNOLIST+NODECKLCAC+NCMAPNOEDIToNDID 4 NCXREF
SCURCE STATEMENTS = 11 +PROGRAVM SIZE = 8

DIAGNOSTICS GENERATED

129K BYTES OF CORE NCT USED

DATE

74.304/09.19.05



LEVEL

1SN

ISN
TSN
1SN

1SN
SN

1SN
TSN
TSN
ISN

SN

TSN

1SN

?l.6

COMPILER CPYIGMNS = MNAMEx MAIN,OPT=02

0oaz?

0003
0004
0005

0006
0007

0008
0009
0010
0011

ca1z2

00113

0014

{DEC 72)

EEaYs¥al

annn

ksl (s X2 X o R ol

OON NN o0n AnD ann

DA 2 Xala)

onn

Nk

74

0S$/36C FCRIRAN M CATE 74.3G4/09.19.12

oL INECAT=G5,STZE= Q000K
SOURCE.EBCOICNOL EST ANCTECK +LCAC+NOMAP, NOEDIT o NOIC+ NOXREF

SUBRCUYIMNE SETREF (NAME}
SETS VARIABLES TQ THEIR REFERENCE VALUES. IF NAME IS BLANK.
ALL VARTAELES AS SPECIFIEC IN THE ARRAY NM wWILL BE SET.
TIF NAME 1S PhNT, ALL VARIABLES IN THE ARRAY VREF
WiLL BE PRINTED.

IMPLICIY REAL®3 (A-Hs0-1)

REAL®4 WWRC.VWeWORD

CCMMCA/BLKI/ TUIML20)s BUSE(ZC)s NMU20)s IBEGi._eo NMCMN{1C).
1 NVARJACN

DIMENSICA VREF(250). VOLE155), vC2(15)

EQUIVALENCE {VUL{1).VREFI96) ), (VO2(L1),VREFI1T76))

V@1 ANC VC2 ARE OUMMY ARRAYS USEC IN THE INITIALIZATION OF
PARYS OF VREFe THE REFERENCE ARRAY,

DATA TRLINK/4H /o IPRT/4HPRAT/
DAY S VRRD/4HVREF/ o VW/4HY /
CCMFCN/BLKZ2/INe LOUTs iPRe KCLT, KPR
CGMMEN /BLKL/ VI250)

THE CONMENT CARUS INTERSPERSED AMONG THE FOLLOWING
CCNTINLATION CARDS CAUSE AC TROLBLE WIFTH THE ORNL CCMPILFR.
THIS IS CCNTRARY TO THE RULE ON PG. 12, 6C28-6515-8,
IRV SYSTEM/360 AND SYSTEM/3T0 FCRTRAN IV LANGUAGE.

DATA VREF
REFERENCE VALUES FOR AL(D)

1/.6060050603.506049406022.C60-1.00052.0642%~1.00 411.0¢48.8D6¢
2 49.D06+31aC6e27.06018.0600.CCe=1.D000.D00,2%-1.0C &

REFERENCE VALUES FOR 8(1)

~

3a021e3e02101a01801.0180~1.CC,

REFERENCE VALUES FOR CE1) RRE ALL ZERC

w

4530400 «5%-1.00
REFEREACE VALUES FOR CNLL)
4 6%-1.L0 +2.C10e9.01001.011e~1.CCo

REFERENCE VALUES FUR E(1)

w

50004 C1700441800,.0018D00¢~1.C00
REFERENCE VALUES FUR F(I)
6 3.6D502.60505.0545.0%=1.D0/
REFFRENCE VALUES FOR HIIT)
NaTA NC1/
1 1a6D=2164C=309e0=541a90~203.0=-3¢=1.0Cs3.0-3,2*-1.0C
? 7.4D=~2+324D-2,9.7D=2¢4230-2¢4410~2+4.00~2+ .8D00+~1.00+.8D0,
3 2¢-1.CC +5.8D0442400430.C0,2%-3.0C &
REFEFENCF VALUES FUR Ki1)
4 1.20-1722.0-17¢1e50-1701.5C-17¢1.40-17¢-1.00+1.50-19,2%-1.00.
53.4C-18+5.0-18+4e0~18¢4.50-1803450-18+4.0-1844.40-18,~1.0Cs
X 1o10=2Ce2%~1.00e4e5U~200941L0-2Co4.8L-2Co2%~1,0Cs
REFERENCE VALUES FDR P(I)

62.1D15662TCh409.0014092001645%~1.CCo1a1D15¢ 1o8D14+9.001441.8014,
T6.7C1403e5C14¢5%~1.000

REFERENCE VALUES FUR RIDD
8 5.,€D1744%C.CC oo®%~i.00 /
REFFFENCE VALUES FUR T (1)

DAYA v(2/
1 2%13.C0 +50.00s1.0005%=1.00 +2%13.0C +1.00,2%2.0C +1.0C,5%-1.00,

REFEFENCE VALUES FOR Wil)
2 4%1.00 +-1.CCs

REFERENCE VALUE FOR M
3l.120-64

REFEREMCE VALUE FOR U

“ 1.2/



1SN
1SN

1SN
1SN

TSN
i SN
TSN
ISN
SN
ISN
SN
ISN

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

1SN
1SN
ISN
SN
1SN
ISN
1SN
15N
1SN
1SN
1SN

15N
1SN
TSN
SN
ISN
ISN
TSN
TSN
1SN
1SN
1SN
1SN
1SN
ISN

TSN

SN
1SN

ISN
TSN
TSN
SN
1SN
ISN
ISN
TSN
1SN

oaa1s
0017

o019
0020

0022
0023
an2s
0026
0027
0028
0029
0030

00131
0032
0033
0034
0035
00136
0037
0038
0039
0040
004t
0042
0043

0044
0045
0046
0047
n048
0050
0051
0052
0053
0054
00s%

06056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069

0070

0072
0073

0075
0076
0Qre
0079
0080
6081
o082
0083
a08R4

Falatal

o0

EEaEaNa¥alal

)

[aRal

[a ¥ R NN N N tal

(s Rnl

3C0

-

11

1€2

1c3

1cs
1io

115

~

120

w

>

12

w

130

o>

3c1

w

CHECK NAM

IF{NAVELEQLL
TFIMNAMELEC.T

E

BLAK} GO TO 102
FRT) GU TO X156

LECK FCF MATCH IN NM TABLE

CALL MATCHIN

ANME oMe NVAKe NK)

IFINKLAELO) GC TO L0l

MC MATCF FCUND — PRINT MESSAGE

CHECK AAM

CALL FATCHIA

E AGAINST CN TABLE

BME JNMCN¢NCNe KC)

TFUKCLECLO) GC TO 300

J=IBEGl4)4XC
VIJI=VREFLJ)
RFETLRN
WRTTE(KCLT,]
FORMATLIX/®
RETLRA

-1

) NaME
A MATCH FOR *. A4,

AAME = AMINK)

N1=hK

NZ=hK

GC 1C 1C3
Nl=1

N2=AVvAR

DT 11C M=N1,
11=1LSELN)
J=TREGIN)

NO 105 I=1.1
VIJI=VREF(J}
J=Jd+l
CONTINLE
RETLRA

FRINT MLL
LINES=5C

WORC=VWREC
DO 130 A=leM

N2

T

REFERENCE VALUES

VAR

1T=TUSEIN)/S+4

TFOLINES+IT,
CALL NEWFG

LE.50) GO TO 120

WRETE(KRCLT42) wLRD

FORMATL® VAL
LINES=C

UES IN ARKAY *,A4)

75

IN SETREF - NO CFANGE IN v'}

WRITECKCUT 3} NMIND o JOEMIND ¢ TLUSEINDSTBEGIN) o (1o 1=145)
FORVMATUIX/ ¢ NAME %oA4s® DIMENSICN®oT40* USED®*s L4, STARTS AT*14/
1 7Xe4(11e13X)eid/71X)

JI1=1BEG{N)
T1=J1

J2=T1+ILSEIN)-]

ne 125 J=Jil.

J2e5

12=FING(1144,42)
WRITE(KCLT 4} (VREFIL)I=i1412)
FORMAT(IX.1P5EL%.5)

[1=12+1
CONTIANLE

LINFS=LINFSeIT

CONTENLE
RETLRM
FNTRY LCCK
WORC=Vh

FRINTS VALUES IN V SELECTEL BY NAME. IF NAME

IS BLANK,

PRINT ALL.

CHECK AAME

IF{MAPELEC.T

LCCK FCF

BLMK} GO TQ 132

MATLH IN TABLE

CALL MATCHINANE«NMeNVARJNK])
TFEAK.NELD) GC TO 201

CHECK NAME AGAINST (N TABLE

CALL MATCHINANE NMLNoNCNeKC)
IFIKC.EC.0) GC TO 301
JTREGI4)¢kC~}

WRT TEIKCLT «6) NMCN(KChe Jo VIJ
FORMATEIX/1X 840" =VIte134%),

RFTLRN

WRTTE(KCLT o5} NAME

FORMAT{1X/®
RETLRA

NC MATCH FOUND FCHR

VALUE =9, 1PEL4.5)

T YT

IN LDOK = NO PRINTY)

PAGE 002



1SN
TSN

1SN
ISN
1SN

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

008%
G0R6
cear
008aR
0089

€080
009t
[/[ A Fg
80913
€09s
ongé
0097
€098
0099
Qlo¢
o101
0102
otlo3
0104
0105
0106
Q107
0108
o109
ol1a

onn

2C1

132

135

140

145

150

SOPTIDNS IN FFFFCT®

S(PTIONS IN EFFFCT®

*STATESTICSe
*STATISTIC S*

sskesk END (F COMPILATION #swisn

76

Nl1=RK

N2 =hK

GO TC 135
Ni=1
N2x=AVAR

FRINT SELECTED VALUES IN Vv

LINFS=5C

DG 150 A=A1.N2

IT=1USFIN) /5+¢4
TFOLINESOITLLELS0) GO TO 140
CALL NFWPG

WRITFIKCLT 42} WORD

L INFS=0

WRITECKCUTS3) NMIN) o IDIMINY S TUSE(NDL T1BEGIND L0114 2)
J1=IBEG{N)

11=J1

J2=T1¢TLSEIN)~]

N0 145 J=Jled2.9
12=rIM0(1104,42)
WRIVE(KCUT 4) (Vil)el=11s12)
I1=12+1

CONTINLE

LINFS=LINES+IT

CONTINUE

RFTURM

END

NAMEZ  PAINGUPT=02,LINECAT=SS5,S12F=QC00K

SCURCE . EBCCICoNOL ISTNUCECK.LCAC,NCMAPSNOEDT ToNOIO+ NOXREF

SPURCE STATERENTS = 109 +PROGRAM SIZE = 3996

CIAGNOSYICS CEMERATED

106K BYTES OF CORE NCT USED
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77

LFVFL  21.6 (DEC 72) 0S726C FORTRAN H DATE T4.3C4/09.19.44

COMPILER CPTINNS — AAME=  MAINOPT=02,LINECAT=95,ST2E=C000K,
SCLRCEs £8COICeNOL ISToNCCECK ot CACoNOMAP, NOEDIT+NCEDs NOXREF

1SN 0002 SUBRCLYINE CSCLVEICLeC2ePKeTKerKoHLoKKoKLEPS, IGOCF.CKWCL) csoL 100
[SN 0003 IMPLICIT REAL®B (A~-He0-2)
1SN 0004 REAL®8 KK, KL
1SN 0005 TEST=1CC.LO
1SN 0006 ASSIGN $5 1C K csoL Lio
ISN 0007 HKAFL=HK/HL csoL 115
1SN Q008 PCTH=PK/(TKEHK) csoL 122
1SN 0009 CKMAX=C1+4C2/FKCHL
C csoL 130
C CHECK F(R SCLUTION ¢soL 131
4 csoL 132
[SN 00t0 CK2=CKFAX CSOL 133
1SN 0011 G22CK2-C1+FOTH®DOURT (KK®CK2)
15N 0012 IF{G2.GT.0.} GO TQ &5 CsoL 135
1SN 0014 ASSIGMN 120 TC K CsaL 136
1SN Col5 PRIAT & csoL 137
1SN 0016 4 FORMAT(YING SCLUTIUN®) CsCL 138
1SN 0017 1Gr(F=1 CsOL 139
TSN 0018 GC IC 90 CSOL 140
1SN 0019 85 [F({IGICF.CF.0) GU TO 95 CSoL 141
C CSOL 142
C FEACING FCR DEBUG PRINTOUT CSCL 145
4 CSCL 150
ISN 0021 S0 PRIANT 1s Cls €2 PKe TKe hKe FlLo KKe KL EPS CSCL 155
ISN 0022 1 FORMAT(VICSOLVE AKGUMENTS®/1FCo6Xs*C1%e12Xs*C2% 412X o PK*912Xe *TK*,CSCL 160
X 12Xs
1 'HK G 12Xs HL o 12Ke *KKP o 12X KL 12 X*EPS® /IX¢1PIEL4.5/( 1T 46X, €SOt 161
2 LK1V elIXe®CRT oLl Xe?CX? 412X " CK2%1CXo"TEST*/1X) cscL 162
1SN 0023 GC YC K. (S5.130) CSCL 163
C csoL 165
[4 STARTY ITERATIUNS FUKR CK csoL 170
C csoL 175
ISN 0024 65 CK1=0. CSCL 176
ISN 0025 CKCLD=Cx1
1SN 0026 CLI=KLS {HK{HL*CL+C2)
1SN 0027 Gl=—(C14PCTHRDSQRT(CLLI))
ISN 0028 no 115 17=1.50 CsoL 180
C
4 IAVERSF LINEAR INTERPOLATICN ANC CHECK FCR CCNVERGEAGE
[
1SN CC28 CKT={CKI#G2-CK2*G1)/ 162-G1) csCcL 182
1SN 0030 IF{CARS(CKCLC/CKT~1.D0).LT.EPS) GO TO 120 CsOt 183
c
C IF ACT CCNVERGEDe TRY INVERSE QUADRATIC INTERPCLATICN
[
ESN €032 CLT=KLY (KKCHES{CL-CKT)#C2)
ISN 0033 FF=C1ePCTHMICSORTICLT)-DSURT (KK*CKTH})
TSN 0034 G=C KT-FF CsoL 192
1SN 0035 DG1=6-G1 CsoL 193
1SN 0036 D62 26-G2 CSOL 194
ISN €037 D63=DG2-DG} csoL 195
ISN 0038 CX=~G¥G2ACKL/{DGI®LG L) ¢6L*G29CKT/{CCI*LG2I+G1*G*CK2/(DG3*DGR} csoL 196
ISN 0039 TIF{IGCCF.GELC) GU TO 200 CSCL 240
4 CSOL 245
4 CEBLG FRINTOUT £soL 250
% csgL 255
1SN 0041 PRINT ZoIToCKIeCKTeCXeCK2, TEST
ISN 0042 2 FCRMAT(IXIIIPSFla.5)
1SN 0043 2C0 IF(CXJLELCKL) GO 10 102 csoL 197
1SN 0045 {FICX.GELCKT) GO TO 102 csaL 198
1SN 0047 TEST2DABSICKCLU/CX=1D0)
TSN 0048 TFITESTL.CTLEFS) GO TO 201
1SN 0050 CXT=CX
ISN 0051 GC TC 12¢
1SN 0052 201 CLX=KLO(HKCHLB(IC1-CX)+C2)
TSN 0053 FX=C14PCTH* {DSURT {CLXI~-DSORT (KK*CX))
TSN 0054 GX=(X-FX csGL 201
1SN 0055 CKOLD=CX
1SN 0056 TF{CXe1TuCul GO TU Lol csoL 202
ISN 0058 Cx2=CX CsoL 203
TSN 0059 G2=GX CsoL 204
ISN 0060 G0 10 115
TSN 0061 1€1 CxXi=Cx CSCtL 206
1SN 0062 G1=6X csoL 207
TSN 0063 GO TO 105 CsOL 208
1SN 0064 1C2 TEST=CABRSICKCLO/CKT=1.D0) CscL 225
1SN 0065 CKOLD = CKY CSCL 226
1SN 0066 IFITESTLLEL.EFS) GU TO 120 csoL 227
ISN 0068 IF (6 -EC. 0.CO) GG TO 120 csoL 230
ISN 0070 IFIG.GYa04) GC TO 105 CSoL 231
ISN 0072 Gl=G csaL 232
TSN 0073 CKL=CKT csaL 233
TSN 0074 GC TC 115
1SN 0075 1C5 G2=G CSOL 235
ISN 0076 CK2=CKY csot 236
ISN 0017 115 CONTIMLE
[ €SOt 275
Cc FRINT NCN-CONVERGENLE ALARY €S0t 280
[ csoL 285
TSN 0078 PRINY 3 €saL 290
1SN 0079 3 FCRMAYU'O C(SCLVE UNABLE TG FINC ROCT*) CsSOL 295



1SN 00AQ TGOCF=MAXO (14 IGUOF*L)
1SN 0081 RETURN
1SN 0082 120 Ck=CKT
1SN 0083 CL=FRCRLBELL-CK)+C2
ISN 0084 130 RFTLRA
1SN 0085 END
*OPTIONS IN FFFECT® MAMEx  FATN.OPT=02,LINFCNT=G5, SIZExCCCOK

*0PYIONS IN FFFFCT®
*=STATISTICSe

#STAYISTICSS

SCURCE STATEMENTS =

78

B4 +PROGRAM SIZE =

NIAGNCSTICS GENERATED

2enoes END (F COMPILATICN #osvex

SCURCE+EBCCICoNOLLSToNGOECKoLCAL JNCHAP,NOED 1 ToNOED + NOXREF

CSCL
Csot
csoL

csCL
csoL

300
305
310

320
325

121K BYTES OF CORE NCT USED
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79

LEVEL 21.6 (DFC 72) €S/360 FCRTRAN M DATE
COMPILFR CPTIONS — NAWE=  MAINeOPT=024 L INECNT=65, 51220000
SCURTE. EBLDIC, NDL IS T S NCOECK.LLAC. NONAD < NOEDIT. AOLC.NOXREF
1SN 0002 SURRCLTINE NEWPG NEWP 100
c NEWP 105
C IF THE SUKMARY QUTPUT UNIT (KOUT) IS THE LINE PRINTER {IPR),  NEWP 110
[ EJECT TC A NEw PAGE. IF NCTe PRINT 5 BLANK L INES. NEWP 115
4 NEWP 120
TSN 0003 CCMMCA /BLK2/ INe [UUTe IPRs KCUT, KPR NEWP 125
1SN 0004 TF(KCUTLEC.TFR) Gu TU U0 NEWP 130
1SN 0006 WRITE(KCUT o1} NEWP 135
1SN 0007 L FORMATIIX/IX/IX/1X/ 1K) NEWP 140
1SN 0008 RETLRA NEWP 145
1SN 0009 100 WRITE(KLUT.2) NEWP 150
1SN 0010 2 FORMATUIHL) NEWP 155
TSN 01t RETLRN NEWP 160
1SN 0012 END NEWP 165
*APTIONS IN FFFFCTS MAFEa  PAIN,OPT=024LINECNT®S5,SI2E=0CO0K,

*OPTIONS IN EFFFCT®

SCURCEEBCCICoNULISToNGOECKeLCAC+NCMAPNOEDIToNOID o NOXREF

®STATISTICS* SCLRCE SYATEPMENTS = 11 «PRCGRAM SIZE = 260
*#STAVISTICS® N0 DIAGNOSTYICS CENERATED
axesss FND (F COMPILATION #sdses 133K BYYES OF CORE NCT USED
LEVFL  21.6 (DFC 712} €S/260 FCRTRAN H DATE
COMPILER CPTIOAS — MANEx  MAINCDPT=U2,L ENECNT=G5,512E=0000K
SCURCE+£BCOIECONOLIST,ACCECKLTACoNOMAP , NOEDIT o ACID s NOXREF
ISN 0002 SLRRCULTINF CCUADICLeALFA,CK)
C CCuA 105
[ SCLVFS THF QUAOGRATIC EGUATICA CQuUA 110
4 cQua 11s
C Creag - (2901 + ALFAJRCK ¢ CissZz = €
[# cQua 125
C FCR THE ROOT CK WHICH IS LESS THAN Cl/KK, CCUA 130
4 CCUA 135
TSN 0003 IMPLICIY REAL®E (A-HeU-2)
1SN D004 RFAL*8 KK CQUA 140
1SN 0005 T=(1/7KK CQuUA 145
TSN 0006 CR=CI%%2/7(C1l4.9%ALFAR[ L. +USCRT(4.%C1/7ALFA+LL) D)
1SN 0007 RFTLRA CCUA 155
1SN 0008 END CCuas 160
*OPTIONS IN FFFFCTH NAME=  PAINGCPF=02¢ LINECNT=SS,S[ZE=CCCAK,

*0PTIONS IN FFFECT® SCURCECEBCCICONOL ISTANCCECKSL

CACoNOMAP NOEDIT,NOID . NOXREF

CSTATISTIC S* SCLRCE STATEMENTS = 7 PROCRAM SIZE = 444
*STAVISTICS* NO DIAGNOSTICS GENERATED
Sakws® END (F COMPILATION sosses 133K BYTES CF CORE NOT USED
LEVEL  21.6 (BFC T2} CS/2€C FORTRAN H DATE
COMPTIFR CPTIONS - MAME= MaIN.UPTz02,L INECNT=55,S[ZEx0000
SCbR(E.EﬂLulC.NULlST.hCD{CK.LCAC.NOHAP.AUEDlT-NDleNOXREF
1SN 0002 SUBRCUTINE MATCH (NAME. NTAB. AN+ AMAT)
[
[ SEARCHFS THF ARRAY NTAB WITH NN ITEMS FOR THE FIRST
[ CCCLRREMCE OF NAME. I+ NAME IS NCT FOUND IN NTAB. NMAT
[ IS RETLENEC wITH THE VALUE ZERO.
c
1SN 0603 DIMFASICN ATAP {10)
1SN 0004 NMAT = 0
1SN 0005 DC 100 As1.NA
ISN 0006 IF (ICCMPAINAME, NTABIN)e 4) JNE. C) GO TN 100
1SN 0008 NMAT = A
1SN 0009 RFTLRA
1SN 00la 100 CONTINUE
15N 0011 RFTLAN
1SN 0012 EAD
eNPTIONS IN FFFFCT® MAMEx  WATNGOPT=02,LINECNT=S5,STZE=GCOOK

BOPTIONS IN FFFFCT®*

KSTATISTICS» SCURCF STATFMENTS = 11

STATISTICS® NP DTAGNCSTICS GEMERATED

‘#suu® FND CF COMPUILATION ##ss%¢
NU

STATISTICS* CIAGNCSTICS TH1S SIEP

+PROGRAM STZE =

SCURCE«FRCLCICNOLISToNULDECKsLCAC NCNAPSNOEDITWNOID s NCXREF

398

133K EYTES OF CORE NOT USED

7443C4/09.20.10

74.304/09.20.25

74.304/09.20.38
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