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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

that 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 10 /MWsec

*Tritium molecules are intended to include HT and H2 molecules
when hydrogen is present.

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

***2420 Ci/day in a 2250 MW(t), 1000 MW(e) plant.
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in a typical fuel salt. The relative concentrations of tritium and

tritium fluoride in the fuel salt are expected to be governed by the

equilibrium relationship for the reaction,

UT\ + 1/2 T2 2 UF3 + TF ,

with uranium in the salt. The absolute concentrations are governed

by removal processes.

Three types of processes are provided for removing tritium from

the primary system: permeation through the metal of the walls of

piping and vessels, sorption on materials in contact with the salt,

and purging. We assume that tritium molecules that reach a metal

surface can sorb on the surface, dissociate into tritium atoms and

diffuse through the metal. Tritium in tritium fluoride and other

compounds is assumed to be chemically bound and unable to pass through

the metal.

Experience with the Molten Salt Reactor Experiment indicated that

tritium sorbs on and is tightly bound to graphite. We provide for

sorption of tritium and tritium fluoride on the graphite in the reactor

core.

Provision is made for purging tritium from the primary system by

circulating a stream of salt through an apparatus which extracts gaseous

tritium and tritium compounds. A contactor in which tritium and tritium

fluoride are transferred to a gas phase by virtue of their vapor

pressures would be such an apparatus. Current designs for MSBR's

provide for sparging of the fuel salt with helium bubbles in the

primary system to remove krypton and xenon. Tritium and tritium

fluoride would be removed also. The sparging process can be treated

as an equivalent purging process in the calculations.



Tritium will reach the secondary system by diffusion from the primary

system through the walls of the tubes in the primary heat exchangers

and by neutron capture in the coolant salt. We provide for removal of

tritium from the secondary system by diffusion through the metal walls,

sorption, and purging. The secondary system would not normally contain

a sorber or have an elaborate purging system. Such processes, if

incorporated into the plant, would be designed specifically for removing

tritium.

The coolant salts do not normally contain constituents that are

reducible by tritium and, thereby, able to convert tritium into tritium

fluoride and make it unavailable to diffuse through the metal walls.

We, therefore, have provided for addition of hydrogen fluoride or other

hydrogenous compounds to the secondary system. We assume that tritium

will exchange with the hydrogen in the added compound and that the

compound will be extracted by the sorption and/or purge process.

The steam system and the cells around the reactor primary and

secondary systems are considered to be sinks for tritium. Tritium

reaching the steam system is assumed to exchange with hydrogen in the

water, and that 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

PHT/'PH2 *PT2 =kp f°r the reaction H2 + T2 J 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:

Qi = hiAi(CF - Ci) . (la)

Transport through the pipe wall to the surroundings where

the hydrogen pressure is assumed to be negligible:

Ql =P1Air(k1C1)i-0] =PiA^kjCi)* ^ (lb)

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 = h2A2(CF - C2) (2a)
i

P2A2(k2C2) (2b)

3. Transport of hydrogen to and through the walls of the

reactor vessel and the shells of the heat exchangers in

the primary system:

Q3 = h3A3(CF - C3) (3a)
i

_ P3A3(k3C3) (3b)
t3

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

tubes in the primary heat exchangers into the secondary

system:

Q* = h„Az,(CF - c*) (4a)

=&£± [(k,C,)*- (kiaCia)*] . (4b)
t it

5. Transport of hydrogen to the surfaces of the graphite

in the reactor vessel or to other sorber:

Q5 = h3A5(CF - C5) . (5a)

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:

1

Q5 = B1W1A5(k5C5)'5' . (5b)

6. Removal of hydrogen by purge;

Q6 = FxEiCp . (6)
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7. Transport of hydrogen fluoride to and removal by sorber:

Q7 = h7A7(CpF - C7) (7a)

i

= B2W2A7(k7C7)T' . (7b)

8. Removal of hydrogen fluoride by purge:

Qa = F2E2CpF . (8)

Because the molecular species involved may contain different numbers

of hydrogen atoms, all the calculations are done in terms of atoms of

hydrogen. This does not mean that the hydrogen necessarily diffuses as

single atoms, but only that a transport unit is one hydrogen atom and

the parameters are expressed in terms of single hydrogen atoms. A

Q value of 1 then represents the transport of one-half molecule of H2,

one molecule of HF, or one-fourth molecule of a compound like CHA, all per

unit time. Likewise, a C value of 1 represents a concentration of one-

half molecule of H2, one molecule of HF, or one-fourth molecule of CH4,

all per unit volume.

If the rates of inflow of tritium and hydrogen atoms (Rj. and R2,

respectively) to the primary system are given, a material balance over

the primary system gives

8

Ri + R2 = I Q. . (9)
i=l X

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. Qz, 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<, + -rH2 t UF3 + HF ,

which has an equilibrium quotient

xffiFO x-£M) = M,
X(UFO [P(Ha)]*

or

X(UF3) xk7CFF 1 =M
X(UF*> (k5cF)T

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

MUcFF - e (ucFv. do,

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

expressions for Q7 and Q8 in terms of C .
r

B. Secondary System:

1. Hot-leg piping:

Qio = h10A10(Cc - C10) (Ha)

=S^jrXS- (kioC10)T • (lib)
t i o

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

Qli = huAM (Cc - Cn) (12a)

=mAu.(kiiC ^ .
tn

3. Transport through the primary heat exchanger tubes into the

primary system:

Q12 = hi2A4 (Cc - Cj2) (13a)

=-^UiaC^)"^ - (UC)4"] • (13b)
4. Transport through the steam generator tubes into the

steam system:

Q13 = h13Ai3 (Cc - C13) (14a)

=£tTTi [(ki3C13)^- (k21C21)^J . (14b)
5. Transport through the superheater tubes into the steam

system:

Qiif = hiUAm (C - C14) (15a)

=2jlff [(kiiCi*)*- (k22C22)^] . (15b)
6. Transport through the reheater tubes into the steam system:

Qis = hi5Ai5 (Cc - C15) (16a)

=̂ iff [(ki5Ci5)^- <k2,C2,)±].
(16b)

7. Removal by sorber as hydrogen:

Qie = hiGAi6 (Cc - Ci6) (17a)

1

= B3W3Ai6(ki6Ci6)T . (17b)
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8. Removal by purge as hydrogen:

Q17 =F3E3CC . (18)

9. Removal by sorber as HF:

Qi8 =h18A18(CCF - C18) (19a)
l

= Bi,WAA18(k18C18)T . (19b)

10. Removal by purge as HF:

Q19 = F„Ez,CCF . (20)

Since we assume that the hydrogen fluoride does not release hydrogen

to diffuse through the metal walls, and that there are no chemical reac

tions in the secondary system that make the concentrations of hydrogen and

hydrogen fluoride interdependent, we write separate material balances for

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

17

R3 + R„ = Z Q. (21a)
i=10 x

R5 = Qia + Q19 • (21b>

In these equations all the R's and all the Q's have positive or

zero values except for Q12, Q13, Qxi, and Q15, which can have negative

values.

C. Steam generator system:

1. Transport through the steam generator tubes into the secondary

system:

Q21 =h21A13(CSG - C21) (22a)

=£ilAii['(k2iC2i)i_ (kl3c13)fl . (22b)
ti 3 L J

2. Transport through superheater tubes into the secondary system:

Q22 =h22Allt(Css - C22) (23a)
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= £i^f" [(k22C22)^- (ki,Cllt)^J . (23b)
3. Transport through the reheater tubes into the secondary system:

Q23 = h23Ai5(CSR - C23) (24a)

_ £l^f- |(k23C23)^"- (ki5C15)^J . (24b)

In the steam system the values for Cp_, C and C will be given.
bb 3D OK

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 H20, 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_ , C18, Qi8 and Q19 from equations 19a, 19b, 20
Cr

and 21b.

2. Assume a value for C .

3. Calculate Qio» Qn> Qi6> Q17 and Cig from equations 11a, lib,

12a, 12b, 17a, 17b and 18.

4. Calculate Q13, Qi^, Qi5, C13, C14 and C15 from equations 14a,

14b, 15a, 15b, 16a, 16b, 22a, 22b, 23a, 23b, 24a and 24b,

noting that the steam system and the secondary system are

coupled by the relationships Q13 = -Q2i, Qm = -Q22 and

Q15 = -Q23.
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5. Calculate Qi2 from the material balance, Eq. 21a.

6. Calculate C , Ci2 and Cii from Eqs. 4a, 4b, 13a, 13b, the
F

relationship Qi+ = -Qi2 and the value of Qi2 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 C .

7. When positive values have been found for C , Ci2 and Ci*,

calculate Qi, Q2, Q3, Qs, Qe, Q?, Qe, C5, CpF and C7.

8. Calculate R from
r

8

R = E Q - (Rj + R2) •
F i=l X

If R_, is positive, hydrogen must be added to the primary system
F

in order to maintain a balance. This means that C is too large,

which in turn means that C is too large, and steps 3 through 8

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

Cp is too small and steps 3 through 8 must be repeated with a

larger value of C .

When this process has been repeated until the ratio

*H2, HT and T2.

RF
Rl + R2

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.

is
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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 = St Qi . (25)
CF

2. Transport through walls of cold-leg piping:

Q32 =Si Q2 . (26)
S

Transport through wall of reactor vessel and shells of heat

exchangers in primary system:

Q33 = St Q3 . (27)
C„

Transport through walls of primary heat-exchanger tubes

into the secondary system:

Q34 - h4A1| (C_ - C31t) (28a)
FT

tit

ki»C3it| _ ki2Cit2
(kijCit)! (ki2Ci2)l

(28b)

Equations 25 through 27 are straightforward, simply indicating that

the amount of tritium flowing with hydrogen is proportional to the fraction

of the concentration that is tritium when the flow of both is into a sink

with a zero concentration of both. Equation 28a is straightforward,

indicating that the flow of tritium from the bulk salt to the wall is

proportional to the difference between the concentrations of tritium in

the bulk fluid and the wall. Equation 28b, however, requires some

additional explanation.
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The rate of transport of hydrogen through a metal wall can be

expressed as

q=f (c; - cy ,
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

QT =— (C^. - C^Q) .

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

surface is

4- 4-
C' = SPT = S(kC)x ,

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

CTT 4- Ctt kTCTT
cti "ct IT =^iV T1 -S-^^

and a similar expression for the outer surface. Then,

Q =°5A
VT t

kICTIi k0CT0i
(klCl)T (k0c0)i
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and by substituting the permeability coefficient, p, for the product,

DS, we obtain Eq. 28b. This treatment is necessary here because

the net flows of hydrogen and tritium may be in opposite directions.

The equations provide a means for taking into account the effect of the

mass action laws on the concentrations of tritium in the metal and its

transport through the metal.

5. Removal by graphite or other sorber:

FT
Q35 =7^ Qs • (29)

S

6. Removal by purge:

FT
Q-36 = — 0.6 • (30)

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

St
Q37 = 7T^ Q7 • (31)

S

8. Removal by purge as tritium fluoride:

Q38 =7^ Qs • (32)
S

The tritium balance over the primary system is:

E. Secondary system:

1. Hot-leg piping:

38

Ri = 2 • Q, . (33)
i-31 X

CfT
Qi»o =7^0.10 • (34)

Lc
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2. Cold-leg piping:

CM = TT^Qn • (35)
S

3. Transport through primary heat exchanger tube walls into

primary system:

Q42 = h12Alt(CCT - C-z) . (36a)

_ pi+Ai, ki2Ci»2 _ ki»C3it I r•^fiK^- u L(k;2c12)i (k,c4)^J • (36b)
4. Transport through steam generator tube walls into the steam

system:

0.4 3 = hi3Ai3(CCT - Ca) (37a)

.luAukuSu, (37b)
ti3 (,ki3Ci3^

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:

Q^ = hlltA11|(CCT - On.) (38a)

=2jfAii (£"^1 * (38b)tiit (.kiitCuJT

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

Qfs = hi5Ai5(CCT - C^) (39a)

tis (kisCistt (39b)
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7. Removal by sorber as tritium:

C,
CT

0^6 = ~- Qxe .
S

8. Removal by purge as tritium:

StQw =-7^017 •
S

9. Removal by sorber as tritium fluoride

C

(40)

(41)

fT

0*8 =-7^018 . (42)
S

10. Removal by purge as tritium fluoride

C
PT

Q*9 = ~- Qi9 • (43)
S

The balance over the secondary system is:

49

R3 = Z Q. . (44)
i=40 1

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. 25—44 in

the following sequence, discussed in more detail in Section III.

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

and calculate Q<,0, Q<ii> Q43 through Q<,9 from Eqs. 34, 35, 37a,

37b, 38a, 38b, 39a, 39b, 40, 41, 42 and 43.

2. Calculate Qi,2 from the material balance, Eq. 44.

3. Calculate C„ from Eqs. 28a, 28b, 36a and 36b, the relation

ship Q3<, = -Qi,2 and the value of Qi,2 from step 2. If the value

of C is negative, increase the estimate for C and repeat
r i Li

steps 1 through 3. When we have found a positive C , we
r 1

proceed to step 4.
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4. Calculate Q3i, Q32, Q33, Q35, Q36, Q37 and Q38 from Eqs. 25—32.

5. Calculate R , where
r

38

Rp = 2 Q - Rl
i-31

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
r

must be added to the primary system, so C and C are too
rl Li

large; if R is negative, C„„, and C„„, are too small. Adjust
a r i Li

the value of C and repeat steps 1 through 5. When |R /Rx|

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

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

C-,-,, C18, Qis and Q19 with Eqs. 19a, 19b and 20, and the material balance,
Lr

Eq. 21b:

Qia = hi8A18(C F — Cis)

= Bz,Wi,A18(k18C18) ,

Q19 - Fz,Ei,C ,

Rs = Qie + Qi

(19a)

(19b)

(20)

(21b)

Eq. 19b requires that Qia il 0 and Eq. 20 requires that Qis j^. 0, so if

R5 = 0, 21b requires that Q18 = Q19 = 0. If R5 > 0, we combine 21b, 20

and 19a to obtain

R5 - Q, F^E^Ccp = R5 - h18Al8(CCF - C18)

or

_ R5+b-i8A18C18
CF Fi.Ei.+hisAia (19c)

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

terms we obtain

where we have defined

and

P =

a - C18 = PC

a
R5

Fi,Ei

i

18 »

Fi,Efr+h]
Fz,Ei,"H r%^i i^fi, J L Hie J L J

(19d)
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Squaring both sides of 19d results in a quadratic equation for Ci8;

since the right-hand side of 19d is positive, we want the root of this

quadratic which is less than a. We have

Ci8 - (2a+p2)C18 + a2 = 0 ,

P _ 2a+g2 ± /(2a + B2)2-4"^2"
L,18 — •— .

To obtain the root less than a, we want the root with the negative sign.

To avoid possible loss of significant figures, we note that the product

of the roots is a2, so that we can write the solution in the form

Then we have

Cis - JTJ

°+T(1 +

"' (19e)

v^F)

i

Q18 = Bi.Wi.A18(k18C18)"2" , (19b)

r = R5 + hi8A18Cia /iq.n
LCF FAE„ + h18A18 ' ^ ^

and

Q19 = F^E^CCF . (20)

With some value for C we proceed to the calculation of Qio, Qn>

Qie, Q17 and Cl6. Eqs. 11a, lib, 12a and 12b read

Qio = h10A10(Cc - C10) > (Ha)

Qio =P:°Al° (k10Cl0)* , (lib)

Qn = h„A„(Cc - C„) , (12a)
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Qn = 2±i£±l (kllCll)T . (12b)
tii

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

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

Ci =S> a=ki irk). *-io, ii .
and Eqs. 11 and 12 then can be written in the form of quadratics in the

concentration C.:
l

C2 - (2d+a)C. + C2 = 0 .
l l

From Eqs. lib and 12b, the flow rates Qio and Qn must be positive, so

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

C2
C. = —T~i / m \, 1 = 10, 11 ,'i =ci+f(i +V^T)

and

By putting

P,A. i

Q± =-J-1 (\C±)'T ,1=10, 11 .
i

Ci = cc ,

/b3w3V,

Ci« can be calculated in the same fashion (Eqs. 17a and 17b) and the

flow rates Qi6 and Qi7 are

i

Qie = B3W3Ax6(k16Ci6)"5" ,

Q17 - F3E3C .



26

We continue with step 4, the calculation of the flow rates Qi3,

QiA and Qi5, and the corresponding concentrations C13, d* and C1S,

using Eqs. 14a, 14b, 15a, 15b, 16a, 16b, 22a, 22b, 23a, 23b, 24a and

24b. Note that the secondary system and the steam system are coupled

by the equations

Q13 = -Q21, Qia = -Q22 and Q15 = -Q23 .

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

be written in the form

VC'-CK>-^[(kKC/-(klCL>+]> M
hj^-d) =hK(Ci-CR) , (b)

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

C2 as d,,, dc and C„ for K = 13, 14 and 15, respectively. We can
SG So SK.

solve Eq. b for C :

h (d-d) + h d h
c = _£ JS k_ = JS (Cl _ c ) + c2 . (c)
L hL hL K

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

(ni3.X )
C„ , which is the value such that
K

or

a- c^max)J +c2 =0,

c(max) =c +̂ L C2 m (d)
K hK

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



K

S " Cl + h t
K K

\K

or, more concisely,
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.ir (c* ~ S> + C2

S = F(V

i

"2"

ks]
1

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

ffflflX)
examine the behavior of F(C ) for 0 < Cv < d . We find that

K K K.

F(0) > 0

and

F'(CR) < 0, F'(0) = -oo

F"(CK) > 0 .

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

Fig. 2. Sketch of F(Cir) vs C
K' K

(e)

(max)
For there to be a solution between zero and d , we must have

K

„(max) ^ ^^(max). , , . .
C > F(C„ ) and upon substitution of our expression (d) into

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

the function

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

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

G(C<max)) >0

and

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

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

01 d <C^max). Since G"(C) --F"(d), G"(d) <0, and the graph

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

G(0)

G(C<max))
K.

Fig. 3. Sketch of G(C ) vs C
K K

With a suitable d*' we can compute Gx = G(C^ ) < 0 (for example,
K K

,d) (*) .(a).starting with C = 0) and with a suitable d , G2 = G(d ) > 0
K K K

(ci2) = c(max) ,(T)K ~R , to start). An approximation to the solution d , is

derived from the inverse linear interpolation:

„(T) G2Ck° - G42)
K G2 Gi

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

quadratic interpolation:

,(x) (0-GT)(0-G2) (0 (0-d)(0-GT) (0-G!)(0-G2)
'v ~ Tn n \~Fn n \~ d + ~7Z ^—w^ 7,—T d H—r~ —;—r- —:S (Gi-GT)(d-G2) CK ' +(G2-d)(G2-GT) CK ' +(G^d) (G^d) S(T)
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With G"(C )<0 as shown and G' (d) > 0, G = G(dT^) will be positive
In. —~ K T K

(T) (x) (T)
and C should be larger than the root. If d is larger than d ,

K. K K

we replace d by d , G2 by G„,, and repeat the inverse linear inter
im. K 1

(x) (T)
polation. If, however, C is smaller than C , we calculate

K. K

G = G(C ); and if this value is negative, we replace C by C ,
X In. K. K.

(2) (T)
Gx by G , C by C and G2 by G_, and repeat the inverse linear

X Is. K i

(2) (v)
interpolation. If G is positive, we replace d y by C^ ' and G2 by G

x K K x

and repeat the inverse linear interpolation. We terminate this process

when

r(T)

1- K
r(x) <CT0L

or when we have done 50 iterations. The tolerance C is defined in a
J-UIj

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

in about four iterations for C = 10-s and in about six iterations for
J-UJL

Sol " 10_7-

The required flow rates Q13, Q21, Qn,, Q22, Q15 and Q23 can now be

computed from

Q. = h.A.(Cc - C.)

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, Q12, is

Qxa = R3 + Ri, - (Qio + Qn + Qi3 + Qxft + Ql3 + Qi6 + Q17) ,

and from Eq. 13a,

r = r — Q12
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If the value for Ci2 is negative, we have used too small a value for

C_, so we double our previous guess and start over at step 3. If the

computed value is positive, we proceed to calculate (Eq. 13b)

c.-i[(k,.c1.)+-2«^]*.

and finally,

d = d - -9*3-
F ~" h«A

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

C , 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 Qi,

Q2, Q3» Qs» Q6, Q7 and Qs and the concentrations C5, C F and C7.

We can write Eqs. 1, 2 and 3 in the form

P. A. 1

Qi =hiAi (S " Cl) = t (kiS}^ »i= I' 2, 3,
i

and with

1 1

the resulting quadratic equations can be solved in the same way as

those for C10 and di* Eqs. 5 can be manipulated into the same form

with

a-l¥M'k.

so that we can calculate C5, and from it

1

Q5 = BiWjAs (ksCs)"2" . (5b)
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Again, Eqs. 7a and 7b can be written as a quadratic for C7 with

a-i^er^

so that we can calculate

and

where C„_ is
r r

1

Q7 = B2W2A7 (k7C7)7"

Q8 = F2E2CFF

8

Rv = E Q, - Ri - R2
F i=l x

-™hfcFF - sfrscF • do)

This is the end of the first part of the procedure if R^, is small

enough. We test the condition

RF
Ri+R2

< T
TOL

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

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

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

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

two values of C which bracket the root, i.e., one for which R^ is

negative and the other for which R is positive. If this is the

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

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

-^/(Rj+Rz)
m = 10
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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 Ci3, Cm and C15, keeping the root

bracketed and attempting to reduce the length of the interval con

taining the root. When this process has converged, we proceed to

the tritium calculation.

With a value for C , the concentration of tritium in the
U J-

secondary salt, we compute

Qko =7^ Qio (34)
s

Q.i =7^011 (35)
S

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

1

C, , = h13tl3(Cl3/k13)T/pi3 f (37 )
U3 l+h13t13(Ci3/ki3)i/pi3 CT 'J/C;

^3 - f P(l'A)l a c,s (37b)
ti3vCi3/K13;t

1

r - hmtm (Cjit/kiit) /pm „ ("^Rr^
Ckk ' l+hnttnttdt/kiOi/p!, St ^oc;

<*•» =t ?r A/k ri c^ (38b)tilt (.Lllt/KlltP

1

r, r = hi5ti5(Ci5/ki5) /pis r ngc)
U5 l+h15tl5(Cl5/kl5)i/pi5 CT K^C)

Q45 = P15A15 , Cits (39b)
ti5(Ci5/ki5)'
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>i+30 =cf V *=16> 17' 18> 19

Q"+ 2 - R3~QitO-Qit l_Qit3~Qi|1t~Q4 5-Qit6-Qi+7-Qit8~Qi*9

and finally

d2 — C
Qt2

CT hi2Ait

(40-43)

(44)

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

C ; in the same way as before, we double C and try again, starting
LiX U J.

at Eq. 34. When we have found a positive d2, we compute

dit = \U J (Ci
Cit2 _ titQit2

.2/^12)* pi»Ait

Again, if C3it is negative, we need to double C and try again.

When we have found a positive di*, we compute

Qi>2cFT - C3tf
hi* Ait

and continue with the doubling scheme until d2, C34 and C are all

positive. We can now compute the flow rates

d
FT

<30+i
Q±, i = 1, 2, 3, 5, 6, 7, 8

and

38

s = £ s -Ri •
1=31

Our test is now on |R^/Rij, and we use the same adjustment and

interpolation procedures as for C .
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IV. NOMENCLATURE

A = surface area, cm2

= 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

10
hot leg of secondary system (piping, pumps,
half of shells on steam-raising equipment)

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

A12 " \
A = tubes of steam generators

14
tubes of superheaters

A = tubes of reheaters

A = sorber of hydrogen
lo

17

A = sorber of hydrogen fluoride
lo

Reference

Value*

6 X 10'

5 X 10"

3.5 X 10

4.9 X 10

5.2 X 10

5.2 X 10

1.1 X 10

8.8 X 10

4.9 X 10

3.1 X 10

2.7 X 10

1.8 X 10

0

Name**

*The reference values are based on the design of a 1000 MWe molten salt
breeder reactor plant described in ORNL-4541.

>*Acronym used in FORTRAN computer program; if no entry appears, the

parameter is not used in the program.
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B = sorption factor, atoms/cm2 atm1'2

B = hydrogen + tritium on core graphite

B = hydrogen fluoride on core graphite

B = hydrogen + tritium on sorber in secondary
system

B, = hydrogen fluoride on sorber in secondary
system

C = concentration, atoms/cm"

C = hydrogen + tritium in bulk of primary salt
F

C = hydrogen + tritium as hydrogen fluoride in
bulk of primary salt

C = tritium in bulk of primary salt

C = hydrogen + tritium in bulk of secondary salt

C = hydrogen + tritium as hydrogen fluoride in
bulk of secondary salt

C = tritium in bulk of secondary salt

C = hydrogen in bulk of water in steam generator

SG (672°K)

C = hydrogen in bulk of steam in superheater

SS (783°K)

C = hydrogen in bulk of steam in reheater
SR (755°K)

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

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

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

Reference

Value

21
3 X 10

21
3 X 10

18
1 X 10

18
1 X 10

Name

CF

CFF

CFT

CC

CCF

CCT

2 X 1010 CSG

9 X 1011 CSS

1 X 1011 CSR
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C, = hydrogen + tritium in salt at surfaces
of heat exchanger tubes in primary
system

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

s •--
C = hydrogen fluoride in salt at surfaces

of core graphite in primary system

s =--

s --
C. = hydrogen + tritium in salt at surface

of hot leg in secondary system

C-n = hydrogen + tritium in salt at surface
of cold leg in secondary system

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

C.„ = hydrogen + tritium in salt at surfaces
of steam generator tubes in secondary
system

C . = hydrogen + tritium in salt at surfaces
of superheater tubes in secondary system

C1_ = hydrogen + tritium in salt at surfaces
of reheater tubes in secondary system

C. , = hydrogen + tritium in salt at surfaces
of sorber in secondary system

C17 = ~

d q = hydrogen fluoride in salt at surfaces
of sorber in secondary system

C19

Reference

Value Name



So

Si

C22

S3

C24"S3

C34

C35""Si

C42

S3

C44

C45

38

hydrogen in steam at surfaces of steam
generator tubes in steam system

hydrogen in steam at surfaces of super
heater tubes in steam system

hydrogen in steam surfaces of reheater
tubes in steam system

tritium in salt at surfaces of heat

exchanger tubes in primary system

tritium in salt at surfaces of heat

exchanger tubes in secondary system

tritium in salt at surfaces of steam

generator tubes in secondary system

tritium in salt at surfaces of super

heater tubes in secondary system

tritium in salt at surfaces of reheater

tubes in secondary system

Reference

Value Name

E = efficiency

E = removal of hydrogen + tritium from purge _^
stream in primary system 5 X 10

E = removal of hydrogen fluoride from purge _^
stream in primary system 1.7 X 10

E = removal of hydrogen + tritium from purge _,
stream in secondary system 1.8 X 10

E. = removal of hydrogen fluoride from purge __
stream in secondary system 1.8 X 10



39

Reference

Value Name

F = flow rate, cm3/sec

F.. = purge stream for removal of hydrogen + ^
tritium from primary system 3.6 X 10

F = purge stream for removal of hydrogen ^
fluoride from primary system 3.6 X 10

F„ = purge stream for removal of hydrogen + ^
tritium from secondary system 5.0 X 10

F = purge stream for removal of hydrogen c
fluoride from secondary system 5.0 X 10

h = mass transfer coefficient, cm/sec

h = hydrogen through primary salt to surfaces _^
of hot leg in primary system 1.6 X 10

h = hydrogen through primary salt to surfaces _^
of cold leg in primary system 6.0 X 10

h = hydrogen through primary salt to surfaces
of reactor vessel and heat exchanger shells _,-
in primary system 9.0 X 10

h, = hydrogen through primary salt to surfaces _^
of heat exchanger tubes in primary system 1.9 X 10

h,. = hydrogen through primary salt to surfaces _^
of core graphite in primary system 3.0 X 10

h6 =-

h7 = hydrogen fluoride through primary salt to _„
surfaces of core graphite in primary system 3.0 X 10

hg --

h9 =-

h = hydrogen through secondary salt to surfaces _^
of hot leg in secondary system 7.4 X 10
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Reference

Value Name

h11 = hydrogen through secondary salt to surfaces _„
of cold leg in secondary system 3.4 X 10

h = hydrogen through secondary salt to surfaces
of tubes in heat exchangers in secondary __
system 9.7 X 10

h = hydrogen through secondary salt to surfaces
of tubes of steam generators in secondary _„
system 4.3 X 10

h , = hydrogen through secondary salt to surfaces
of tubes in superheaters in secondary _„
system 4.7 X 10

h = hydrogen through secondary salt to surfaces _»
of tubes in reheaters in secondary system 4.0 X 10

h = hydrogen through secondary salt to surfaces _,
of sorber in secondary system 8.0 X 10

h1? = -

h R = hydrogen fluoride through secondary salt _-
to surfaces of sorber in secondary system 8.0 X 10

h19 = - . —

h2Q = -

h = hydrogen through water to surfaces of tubes
of steam generators in steam system 5.8

h = hydrogen through steam to surfaces of tubes

of steam generators in steam system 12

h „ = hydrogen through steam to surfaces of tubes

of reheaters in steam system 30

i u t i cc- • t (cm3melt)(atm.)
k = Henry s law coefficient, K

atom H

-24
= 0.83 X 10

, , moles H2
k

(cm melt)(atm.)

T -1
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Reference

Value Name

= 1.7 X 10
-24

h
moles HF

cm melt)(atm*r

k.

10

11

12

13

= 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)

-17
1.2 X 10

-17
2.0 X 10

-17
1.5 X 10

1.5 X 10
-17

-17
1.4 X 10

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

-19
1.5 X 10

= hydrogen in secondary salt in hot leg in
secondary system (894°K) 3.4 X 10

= hydrogen in secondary salt in cold leg in
secondary system (723°K) 5.0 X 10

-18

-18

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

-18
4.0 X 10

= hydrogen in secondary salt in steam
generators in secondary system (783°K) 4.5 X 10

= hydrogen in secondary salt in superheaters
in secondary system (866°K) 3.5 X 10

-18

14 -18

15
= hydrogen in secondary salt in reheaters in
secondary system (810°K)

-18
4.0 X 10
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Reference

Value Name

k-, = hydrogen in secondary salt in contact _-^g
with sorber in secondary system (773°K) 4.4 X 10

k1? = -

k _ = hydrogen fluoride in secondary salt in
contact with sorber in secondary system _2Q
(773°K) 1.1 X 10

k19 = ""

k20 " "
k = hydrogen in steam in steam generators in _2q
21 steam system (660°K) 4.5 X 10

k = hydrogen in steam in superheaters in the _2q
steam system (755°K) 5.1 X 10

k = hydrogen in steam in reheaters in steam _2q
23 system (714°K) 4.8 X 10

M = equilibrium quotient for reduction of UF, by _g
hydrogen, atm1/2, (923°K) * 1.12 X 10

p = permeability coefficient for hydrogen in metal

(atoms H) (mm) = 16 , (cm3 H2 STP) (mm)
(sec)(cm2)(atm)i/2 ' ? (hr)(cm2)(atm)l/2

p = at average temperature of metal in hot leg ..,.
in primary system (973°K) 2.1 X 10

p = at average temperature of metal in cold .. ,
leg in primary system (838°K) 6.7 X 10

p = at average temperature of metal in reactor
vessel and heat exchanger shells in ,,
primary system (873°K) 9.0 X 10

p, = at average temperature of metal in tubes
in heat exchangers in primary system ,,
(873°K) 9.0 X 10

M
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P5-P9

Reference

Value Name

p = at average temperature of metal in hot leg ,_
in secondary system (893°K) 1.1 X 10

p = at average temperature of metal in cold ,,
leg in secondary system (723°K) 1.8 X 10

P12 =P4 9.0 X1014
p = at average temperature of tubes in steam ..,

generators in secondary system (723°K) 1.8 X 10

p = at average temperature of tubes in super- ,,
heaters in secondary system (838°K) 6.7 X 10

p = at average temperature of tubes in -• ,
reheaters in secondary system (773°K) 3.5 X 10

P = pressure, atm. or other appropriate units

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

Q = hydrogen + tritium through walls of hot
leg in primary system

Q = hydrogen + tritium through walls of cold
leg in primary system

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

primary system

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

Q = hydrogen + tritium to core graphite in
primary system

Q = hydrogen + tritium to purge in primary
system
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Q = hydrogen fluoride to core graphite in
primary system

Q = hydrogen fluoride to purge in primary
system

Q9 =~

Q = hydrogen + tritium through walls of hot
leg in secondary system

Q = hydrogen + tritium through walls of
cold leg in secondary system

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

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

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

Q = hydrogen + tritium through walls of the
reheater tubes from the secondary system

into the steam system

Q = hydrogen + tritium to sorber in secondary
system

Q = hydrogen + tritium to purge in secondary
system

Q = hydrogen fluoride to sorber in secondary
1° system

Q = hydrogen fluoride to purge in secondary
system

So = ~
Q = hydrogen through walls of steam generator

tubes from steam system into secondary

system = -Q. „

Reference

Value Name
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Q99 = hydrogen through walls of superheater
tubes from steam system into secondary
system = -Q ,

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

"Q15

S4-S0
Q = tritium through walls of hot leg in

primary system

Q = tritium through walls of cold leg in
primary system

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

system

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

Q = tritium to core graphite in primary
system

Q„, = tritium to purge in primary system
3d

Q = tritium fluoride to core graphite in
primary system

Q = tritium fluoride to purge in primary
3o

system

Q39 = "

Q = tritium through walls of hot leg in
secondary system

Q = tritium through walls of cold leg in
secondary system

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

system = _Qo-

Reference

Value Name
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Reference

Value Name

Q, = tritium through walls of steam generator
tubes from secondary system into steam

system

Q = tritium through walls of superheater tubes
from secondary system into steam system

Q, = tritium through walls of reheater tubes
from secondary system into steam system

Q = tritium to sorber in secondary system
4o

Q = tritium to purge in secondary system

Q.Q = tritium fluoride to sorber in secondary
4o

system

Q, = tritium fluoride to purge in secondary
system

R = rate of production or addition, atoms/sec

R = tritium in primary system 5.8 X 10

R = hydrogen to primary system 0

R = tritium in secondary system 0

R. = hydrogen to secondary system 0

R = hydrogen fluoride to secondary system 0

R^ = hydrogen or tritium to primary system
in order to obtain overall material

balance —

T = temperature, °K

t = wall thickness, mm

t = hot leg in primary system 13

t = cold leg in primary system 13

17



vs

'10

"11

'12

"13

'14

"15
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reactor vessel and heat exchanger shells

in primary system

tubes in heat exchangers in primary
system

hot leg in secondary system

cold leg in secondary system

s
tubes in steam generators

tubes in superheaters

tubes in reheaters

U = ratio X.UF./XUF„
4 3

W = replacement rate, fraction/sec

W = core graphite or other sorber of hydrogen
in primary system

W = core graphite or other sorber of hydrogen
fluoride in primary system

W = sorber of hydrogen in secondary system

W. = sorber of hydrogen fluoride in secondary
system

X = mole fraction

Reference

Value

50

13

13

2

2

1

100

1

1

Name

U

W
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V. COMPUTER PROGRAM, INPUT INSTRUCTIONS AND SAMPLE PROBLEM

The FORTRAN-IV program listed in the Appendix was written to pro

vide a flexible and easily used tool for parameter studies. Many of the

system parameters listed in Sec. IV have standard or reference values,

and we have written the program to allow the user to specify a new value

for any parameter, to use the reference value, or to reset a parameter

to its reference value. Instructions to the program are in the form of

simple commands, followed by numerical values as required.

Output from the program consists of the summary of concentrations,

flow rates and fractions shown in Fig. 2, any input commands, and various

messages from the program to display the progress of the iterative parts

of the calculation.

The three options currently available to the user are

(a) OUTPUT

(b) OUTPUT__ALL_CRBE* all commands begin in column 1; (the
underline indicates a blank space)

(c) OUTPUT__ALL PRINTER

With choice (a), the summary output is sent to logical unit 20 and all

other output is sent to logical unit 6 (the line printer); with choice

(b), all output is sent to logical unit 20; and with choice (c), all

output is sent to logical unit 6. For choices (a) and (b), appropriate

data definition (DD) statements for unit 20 must appear in the user's

job control language.

*The program was designed to be used from a remote terminal with the
Conversational Remote Batch Entry system; hence the use of "CRBE" as
a keyword. However, the program in no way depends upon the availability
of the CRBE system.
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To change various system parameters, the command is

CHANGE__XXX

where XXX is replaced by the appropriate variable name as listed in

Sec. IV. If the variable name refers to one of the named concentrations

(d, d„, ..., d,,) , the next line of input must contain the new
F FF SR

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 n2 and the new values for the

variables specified by the subscripts n through n . A maximum of

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.

2 3 4 ' 5

CHANGE

1 3

1 3

0

9 10 11 12

A

1 . 2

6 2 .

CARD COLUMN

13 14 15 16

+ 6

+ 6

17 18 19 20

1 . 0

21!22 ;23 24 25 26

+ 6

36 3727 28129 30 131 32-33 |34 135 36

7 . 0 + 6

This will insert new values for A , A„, A„ and A „ of 1.2 X 10 ,

f\ f\ fi
1.0 X 10 , 7.0 X 10 and 62 X 10 , respectively. If only one value is

to be changed, the second subscript need not appear.

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

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

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

the program will use 1 X 10 for C and 1 X 10 for C .
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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

(Cp, CFF, ..., C ) then just that concentration will be reset. If,

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

in the example, a user put

RESET_ _A

then all the A's would be reset to their reference values.

The program will stop when an end-of-file condition is detected

on the standard input unit, i.e., when it runs out of data.

The input and output for a sample problem are shown in Figs. 4

and 5. Reference values from Section IV were used in the sample calcula

tion. The results indicate that 30 percent or more of the tritium might

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

are taken to confine the tritium.
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1 2 6 7
I I I

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 p 32 33 34 35 36 37

/ / X X X 1 J0B (nnnnn), 'ADDRESS', CLASS = A

// EXEC F0RTHLG,G0SIZE = 62K

//LKED.SYSIN DD *

HEX DECK

/ *

/ /

0 U

R U

C H

R U

2 I

/ *

/ /

G0.FTO5FOO1 DD *

TPUT ALL PRINTER

N

A N G E

1 3

3

0

N

L C H

A

1 . 2

6 . 2

+ 6

+ 7

+ 6

Fig. 4. Sample Problem Input

7 . 0 + 6

38
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VALUES IN ARRAY V

NAPE A OIMFNSION 20 USED

I 2
18 STARTS AT

3

1

4 5

6.000000 05 5.000000 05
-1.000000 00 5.200000 07

fl.8QGQ0D.Q6 4.90000D 07
0.0 -1.000000 CO

3.500000 06

-l.OCOOOO 00

3.100000 07
0.0

4.900C00

-1.OOOCCC

2.700CCC

07

00

07

5.2CC000

1.100000

1.800000

07

07

07

NAME B DIMENSION 5 USED

1 2
4 STARTS AT

3

21

4 5

J^OQJttQjOJD 21 3 . COO 0 00 21 1.000000 18 l.OOOCCO 18

NAME C DIMENSION 50 USED
1 2

45 STARTS AT
3

26

4 5

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0
0.0 0.0

0.0 0.0
0.0 0.0

0.0 0-0

0.0

o.o
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

CO

0.0

0.0

CO

cc

cc

CO

0.0

CO0.0 0.0

NAME CN DIMENSION 10 USED

1 2
9 STARTS AT

3

76

4 5

-UOOQOQO 00 -l.COOOOO 00
1.000000 10 2.00000D 10

-l.OOOOOU 00

9.0000UD 11
l.OOOCCO

l.OOOCCD

11

11

-l.COOOOO 00

NAME E DIMENSION 5 USED

1 2

4 STARTS AT

3

86

4 5

5mOQQQOO-O1 1.700000-02 1.8C00OD-Q1 1.800CCC-•C3

NAME F DIMENSION 5 USEO

I 2

4 STARTS AT

3

91

4 5

3.600000 05 3.600000 05 5.0C00OO 05 5.00CCCC 05

NAMF H DIMENSION 25 USEC

1 2

23 STARTS AT

3

96

4 5

1.600000-02 6.00000D-03

-l.COOOOO 00 3.000000-03

3.40C00C-0.2 9.700000-02
8.000000-01 -I.000000 00

5.80000D 00 1.200000 01

9.0COOOO-05

-1.000000 00

4.3C00OO-02

8.000000-01

3.000000 01

1.900CCC-

-l.COCCCO

4.700CCC-

-l.OOOCCD

02

00

•02

00

3.000000-03

7.400000-02

4.CC000D-02

-l.COOOOO OC

Fig. 5A. List of Parameter Values Used in Calculation.
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VALUES IN ARRAY V

NAME K DIMENSION 25 USED
1 2

23 STARTS AT

3

121

4 5

1.2O000D-17 2.000000-17
-1.000000 00 1.500000-19

5. 000000-18 4.Q0Q0QD-18_
4.400000-18 -I.000000 00

1.500000-17
-l.OCOCOO 00

4.500000-18
1.100000-20

1.500CCD-17
-l.COOCCC 00

3.500CCD-18
-l.COOCCO 00

1.4C0000-17
3.4C0O0D-18
4.C00000-18

-l.COOOOO 00

4.500000-20 5.100000-20 4.800000-20

NAME P DIMENSION 20 USEO
1 2

15 STARTS AT
3

146

4 5

-l.COOOOO OC
1.100000 15
3.500000 14

2.100000 15 6.700000 14
-1,000000 00 -1.000000 00

1.80000D 14 9.000000 14

9.000000 14

-1.000000 00

1.8C000D 14

9.OOOCCO

-l.OOOCCO

6.700CCD

14

00

14

NAME R CIMENSION 10 USEO
1 2

5 STARTS AT

3

0.0

166

4

0.0

5

5.800000 17 0.0
0.0

NAME T DIMENSION 20 USEO
1 2

15 STARTS AT
3

176
4 5

-l.COOOOO 00
1.300000 01
l.COOOOO OC

1.300000 01 1.300000 01
-I.000000 00 -1.000000 CO

1.300000 01 1.000000 00

5.000000 01

-1.000000 00

2.000000 00

l.OOOCCO
-l.OOOCCC

2.CO0CC0

CO

00

00

NAMF h DIMENSION 5 USED

I 2

4 STARTS AT

3

196

4 5

1.000000 00 1.000000 00 1.000000 00 l.OOOCCO 00

NAMF M CIMENSION 1 USED
1 2

1 STARTS AT

3

201
4 5

1.120000-06

NAME U DIMENSION 1 USED
1 2

1 STARTS AT

3

202

4 5

1,000000 02

Fig. 5A. (Continued) .
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ITERATIVE SOLUTION FOR CC

c CC1 CCL CCX RFX CC2

0 3.47462D 17 1.000000 11

1 2.52116D 10 -2.91224D 17

2 2.52116D 10 5.93131D 10

5.74238D 10

1.62379D

1.92741D

16

14

1.000000 11

4 2.521160 10 5.74025D 10

5.74012D 10

1.135350

1.02747D

13

08

5.74238D 10

ITERATIVE SOLUTION FOR CCT

NCC CC1 CCL

l.OOOOOD 10

CCX RFX

-4.71400D 17

4.33784D 16

Fig. 5B. Output from Iterative Calculations.

CC2

5.74012D 10
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OUTPUT SUMMARY

STEAM SYSTEM

FLOW OF H t T INTO STEAM SYSTEM 1.710720 17

FLOW OF T INTO STEAM SYSTEM 1.76310D 17

FLOW OF H INTO STEAM SYSTEM -5.238000 15

FRACTION OF T INTO STEAM SYSTEM 3.03983D-01

SECONDARY SYSTEM

FLOWS
H + T INTO SECONOARY FROM PRIMARY 2.38501D 17

T INTO SECONDARY FROM PRIMARY 2.39047D 17

H ♦ T THRU PIPE WALLS INTO CELLS 6.226260 16

T THRU PIPE WALLS INTO CELLS 5.79300D 16

SORPTION BY SINK

H ♦ T 0.0

T 0.0

HF 0.0

TF 0.0

REMOVAL BY PURGE

H ♦ T 5.16611D 15

T 4.80662D 15

HF 0.0

TF 0.0

FRACTION OF T

PASSING THRU PIPE WALLS 9.98793D-02

SOR8ED BY SINK AS T 0.0

SORBED BY SINK AS TF 0.0

REMOVED BY PURGE AS T 8.28727D-03

REMOVED BY PURGF AS TF 0.0

CONCENTRATIONS IN SECONDARY SALT

H ♦ T (CO 5.74012D 10

T (CCT) 5.340690 10

HF (CCF) 0.0

PRIMARY SYSTEM

FLOWS

H + T THRU WALLS INTO CELL 3.684360 15

T THRU WALLS INTO CELL 3.67847D 15

SORPTION EY SINK

H + T 4.451300 16

T 4.44419D 16

HF 2.32807D 17

TF 2.32435D 17

REMOVAL BY PURGE

H ♦ T 5.13612D 16

T 5.12791D 16

HF 9.13321D 15

TF 9.118610 15

FRACTION OF T

PASSING THRU WALLS INTO CELL 6.342190-03

SORBED BY SINK AS T 7.66239D-02

SORBfcC BY SINK AS TF 4.00750D-01

REMOVED BY PURGE AS T 8.84122D-02

REMOVED BY PURGE AS TF 1.57217D-02

CONCENTRATIONS IN PRIMARY SALT

H * T <CF) 2.85340D 11

T(CFT) 2.84884D 11

HF (CFF) 1.49235D 12

Fig. 5C. Output Summary.
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( 1. 31

-1*200.00(1 4)4 1.000000 Q6 7.QCCCQD 06
113.13)

6.200000 07

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

NAME A DIMENSION 20 USEO

1 2

18 STARTS AT

3

1

4 5

1.200000 06 1.000000 06
-l.COOOOO 00 5.200000 07

8.800000 06 ._ A*9OO0OOL_07
0.0 -1.000000 00

7.000000 06
-1.000000 00

6.200000 07
0.0

4.900CCD

-l.OOOCCO

2.7Q0CCD

07

00

07

5.200000
1.100000

1.800000

07

07

07

NAME B OIMENSION 5 USEC

1 2

4 STARTS AT

3

21

4 5

3.CQQQQP 21__ 3*0QQ0QCL 21. „ l.OCOOOO 18 l.OOOCCO 18

NAME C OIMENSIdN 50 USED

1 2

45 STARTS AT

3

26

4 5

7.944140 07 6.585480 07

0.0 ... 1*622450-05
2.996290 09 2.87318D 11

4.061490 02 0,0
2.038670 10 9.001530 11

0.0 0.0

0.0 0.0

0.0 0.0

1.620350 05

0.0

6.774C80 08

0.0

1.000690 11

0.0

0.0

0.0

3.167720 08

7.732730

0.0

1.3795EC

0.0

0.0

0.0

2.867830

0.0

4.74597C

10

10

10

08

6.944380-

6.136180

1.413130

0.0

CO

CC

CO

CO

1.165100

-09

08

09

0.0 1.055700 11 08

NAME CN DIMENSION 10 USEC

1 2

9 STARTS AT

3

76

4 5

3.118.030_JJ_ 1*160020. 12
5.435520 10 2.00000D 10

2.901430 11
9.0C00OO 11

5.2842CD

l.COOCCC

10

11

0.0

NAME E OIMENSION 5 USEC

I 2

4 STARTS AT

3

86

4 5

5.C00000-01 1.700000-02. l*flO_OQ0O.-J)l 1.80QCCC--03

NAME F OIMENSION 5 USED

I 2

4 STARTS AT

3

91

4 5

3.600000 05 3.600000 05 5.000000 05

23 STARTS AT

3

5.000C0D

96

4

05

5

NAME H OIMENSION 25 USEO

1 2

1.600000-02 6.000000-03

-l.OOOOOD 00 3.000000-03

3.40C000-Q2 9.700000-02

8.000000-01 -l.COOOOO CO

5.800000 00 1.200000 01

9.000000-05

-l.OCOOOO 00

4.300000-02
8.000000-01

3.000000 01

1.900CCD-02

-l.COOCCC 00

4.*700CCC-02
-l.COCCCD CO

3.000000-03

7.400000-02

4.COOOO0-02
-l.COOOOO 00

Fig. 5E. List of Parameter Values Used in Calculation After
"CHANGE" Command.
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VALUES IN ARRAY V

NAMF K DIMENSION 25 USED
I 2

23 STARTS AT

3

121

4 5

1.200000-17 2.000000-17
-1.000000 00 1.500000-19

5_.GQ000D-1B_ 4.000000-18
4.40000C-18 -1.000000 00

4.500000-20 5.100000-20

1.5000OO-17

-l.OCOOOO 00

4.500000-18
1.100000-2 0

4.800000-2 0

1.500CC0-

-l.COOCCO

3.500CCC-

-l.OOOCCO

-17

OC

-18

00

1.400000-17

3.400000-18

4.CG0O0D-16
-l.COOOOO OC

NAMF F DIMENSION 20 USED

1 2

15 STARTS AT

3

9.000000 14

-1.000000 00

1.800000 14

146

4

9.000000

-l.COOCCO

6.700CC0

14

00

14

5

-l.COOOOO

1.100000

3.500000

2.100000 15 6.700000 14
-l.OOOOOD 00 -l.OOOOOD 00

1.800000 14 9.000000 14

OC

15

14

NAME R OIMENSION 10 USEC

1 2
5 STARTS AT

3
166

4 5

CC5.80000C 17 0.0 0.0 0.0

NAME T OIMENSION 20 USED
1 2

15 STARTS AT
3

176

4 5

1.300000 01 1.300000 01

-l.COOOOO 00 -1.000000 00
1.300000 01 l.OOOOCO 00

5.0CC00O 01

-1.000000 00
2.0G00OD 00

l.OOOCCO

-l.OOOCCC

2.000CCC

00

00

00

-l.COOOOO

1.300000

l.COOOOO

00

01

00

NAME U OIMENSION 5 USEO

1 2
4 STARTS AT

3
196

4 5

l.COOOOO 00 1.000000 00 1.000000 00 l.OOOCCC 00

NAME M DIMENSION 1 USEC
1 2

1 STARTS AT
3

201

4 5

1.12000D-06

NAME L> OIMENSION 1 USEO

1 2

1 STARTS AT
•a

202

4 5

l.OOOOOD 02 . .

Fig. 5E. (Continued).
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ITERATIVE SOLUTION FOR CC

NCC CC1 CCL CCX RFX CC2

0 1.44089D 17 5.740120 10
1 3.24168D 10 -1.339230 17
2 3.24168D 10 4.445220 10 2.914080 15 5.740120 10

4.41906D 10 6.331820 12
4 3.241680 10 4.419000 10 1.41909D 11 4.41906D 10

ITERATIVE SOLUTION FOR CCT

NCC CC1 CCL CCX RFX CC2

0 1.74565D 17 5.340690 10
1 2.672770 10 -2.02375D 17

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

STEAM SYSTEM

FLOW OF H ♦ T INTO STEAM SYSTEM
FLOW OF T INTO STEAM SYSTEM
FLOW OF H INTO STEAM SYSTEM

FRACTION OF T INTO STEAM SYSTEM

SECONDARY SYSTEM

FLOWS

H ♦ T INTO SECONDARY FROM PRIMARY
T INTO SECONDARY FROM PRIMARY

H ♦ T THRU PIPE WALLS INTO CELLS
T THRU PIPE WALLS INTO CELLS

SORPTION BY SINK

H ♦ T

T

HF

TF

REMOVAL BY PURGE

H ♦ T

T

HF

TF

FRACTION OF T

PASSING THRU PIPE WALLS
SORBED BY SINK AS T

SORBED BY SINK AS TF

REMOVED BY PURGE ,AS T

REMOVED BY PURGE ,AS TF

CONCENTRATIONS IN SECONDARY SALT
H ♦ T (CC)

T <CCT)

HF (CCF)

PRIMARY SYSTEM

FLOWS

H ♦ T THRU WALLS INTO CELL

T THRU WALLS INTO CELL
SORPTION BY SINK

H 4- T

T

HF

TF

REMOVAL BY PURGE

H + T

T

HF

TF

FRACTION OF T

PASSING THRU WALLS INTO CELL

SORBED BY SINK AS T

SORBED BY SINK AS TF

REMOVED BY PURGE AS T

REMOVED BY PURGE AS TF

CONCENTRATIONS IN PRIMARY SALT

H ♦ T (CF)

T(CFT)

HF (CFF)

1

1,

-4.

3

.85851D

.899890

.13811D

. 27568 D-

17

17

15

-01

2.

2.

4,

4,

.38032D

.384640

.82035D

.47799D

17

17

16

16

0.

0.

0.

0.

.0

,0

,0

,0

3.

3.

0,

0.

•97710D

,694630

,0

0

15

15

7.

0.

0.

6.

0.

72067D-02

0

0

37006D-03

0

4.

4.

0.

41900D

10515D

0

10

10

7.26328D 15

7.25410D 15

4.38759D 16

4.382050 16

2.31135D 17

2.308430 17

5.06261D 16

5.05621D 16

9.06761D 15

9.05616D 15

1.25071D-02

7.55526D-02

3.98006D-01

8.717600-02

1.561410-02

2.81256D 11

2.80901D 11
1.48164D 12

Fig. 5G. Output Summary (New Parameters).



ERRCR - UNRECOGNIZED INPLT

CARD IMAGE IS 1 2 3 4 5 6 7 8
1234567890123456789012345678901234567E9C1234567890123456789012345678901234567890

ZILCH

Fig. 5H. Response to Unrecognized Command Card,

« t
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NCRMAL STOP - ALL CATA PRCCESSEO

IHC002I STOP 0

Fig. 51. Normal Ending Message.
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APPENDIX

PROGRAM LISTING



66

OS/360 FORTRAN H DATE 74.3C4/09.17.44

COMPHFR CPTIOKS - NAME* MAIN.UPI«U2.L INECNT«S5.SIZE'OOUOK.
SOLRCF.EBCDIC.NUIIST.'.CCECK.LCAC.NOMAP.NOEDIT.'.OIC.NOXRFF

ISN 0002 I PPL IC 11 REAl.d I A-H. Cl-it

ISN 0003 RFAl'R K.K

1SN 0004 REAl*4 HAL I .HCuT.HCRH. HPRT . HCFA. FRES. PRUN.HBLK , MEE ,C APO

ISN 0005 OIMFNSICK AI20I. B1 %1. ClbO). CNI10I. EI5I. F(5). HI25I.

1 KI25I. FI20I. KILO). 1120). fc!5l. CARCC20I. VALUI71

ISN 0006 OIMFKSICK CI50I

ISN 0007 FCUIVAlfKCE (All).Villi. IBI 1 I,V(2 1 I). (C(1 I.VI26 11.
1 (CM 1 I.V176I ). IEUI.VI86) I. IFI 1 I.V19 111.I HI 1 I. VI S6> ).

2 IKIII.VI12U I. IPl 1I.VI146I I. (B C 1) . V I 1661 I . I II 11 .VI 176 } I .
3 (Mill.VI156II. IH.VI201II. II.VI2C2II

ISN OOOfl FOUIVAIFKCE ICNI1I.CFI. ICNI2I.CFF). ICNI3I.CF7). (CNI4I.CCI.
1 ICM5I.CCFI. ICNIol.CCIl . ICM7I.CSGI. (CNI8I.CSS). (CNI9I.CSR)

ISN 0009 COMN0N/PIK2/IK. I0U1. IPR. KCL1. KPR

ISN 0010 COMPCN /Pill/ V1250I

ISN 0011 C0MPCN/RIK3/ IUIMI2UI . IUSEI2C). NPI20I. IBEGI2CI. NMCM10I.
1 NVAR.KCN

ISN 0012 DATA FAIL/4HALL /.HUUT/4HUUTP/.FCRE/4FCRBF/.HPR1/4HPRIK/.
1 HChA/4HCHAN/.HRES/4MKESE/.FRUN/4FRUN /.HBLK/4H /

ISN 0013 OATA XT LCG/2.3liO/ .HI tfc/4HI /

ISN 0014 DATA CTCl/l.C-7/. ITUL/l.D-7/

C

C CTOL ANC TIOL ARE THE CONVERGENCE TOLERANCES FOR CSCLVE
C ANC IE RESPfcLTIVELV.

C

C PAIN PRCGRAM FuK CALLULAUCN OF MSER IRI1IUH FLO*

C

C

C SET LP REFEKENLt VALUES IK UORK ING ARRAY V

C

ISN 0015 CALI SEtREFIFPLKl

c

C RFAD A CAPO AND CHECK FOR INSTRUCTIONS

C

ISN 0016 ICO REACIIK.l.ENC^S'/l CAKU

ISN 0017 1 FCRPAH20A4I

ISN OOIB IFI CAKDI11 .N.F.H0UT1 GU TD 120

0

c

<FT CUTFUT UMI 1YUMdEHS

ISN 0020 IFICARDI3I.NF.BALLI GO TO 11!

ISN 0022 IF(CARDI4I.NE.HCRa> GO TO 105

ISN 0024 1C4 K0U1MCLT

ISN 002 5 KPR=tCUT

ISN 0026 r.n io loo

ISN 002 7 1 C5 IFICAROI4I.FC.hPKII GU IU IK

ISN 0029 MR!IEIKCCT.2)

ISN 0030 2 FORhATI' CLTFUI NUT SPtCIFIEC CCRRECTI

ISN 0031 URI IFIKCUT.20) II.1'=l.bl.CARC

ISN 003? 20

1

FCRMATI" C/RC IMAGE

1 1X1

IS*.IX.819X111/15

1 SN 0033 URITFIKCUT.21)

ISN 0034 21 FORMAT!' ALL CUTPUT TU SUMMARY UNIT*1

ISN 0035 GC TC 1C4

ISN 0036 1 10 KCUT*IFF

ISN 00 3 7 114 KPR*IPP

ISN 0038 GO TC 100

ISN 0039 115 KCUT-ICLT

1 SN 0040 GO 1C 114

C CHFCK FCR CHANGES IN WORKIKG VALUES

C

ISN 0041 120 IFICARDI1I.NE.HCMAI GO TO 135

ISN 0043 CALL PATCHICAPUli).NM.NVAR.NK 1

ISN 0044 IFIKK.KE.Ol GC IJ 125
ISN 0046 CALI PATCHtC/RUlJ).NMCN.NCN.NC1

ISN 0047 IFIKC.Nf.O) GC Til 121

ISN 0049 WRITEIKCUT.4)

ISN 0050 4 FORMAT!' FPRCR IN CHANGt SPECIFICATIONS'!
ISN 0051 IC6 URITFIKC07.20) 11.I"1.it. CARC

ISN 0052 GO 10 100

ISN 0053 121 RFACIIK.7) VALUI11

ISN 0054 7 FCRMAIIE10.0I

ISN 0055 J«IPEGI4)«KC-1

ISN 0056 VIJI'VAlUll)

ISN 0057 URI TFIKCUT.12) CAKDU1. V ALUIl I
ISN 005B 12 FCRMTI IX. A4.lPfcl4.5l

ISN 0C59 GO TC ICO

ISN 0060 125 RFACIH.3I M.N2.VALU

ISN 0061 3 F0P.MATI2I3.7E1O.UI

ISN 0062 IFIM.FC.01 GC TU 100

ISN 0064 J.IDFr.lt-KI-l.Nl

ISN 0065 IFIK2.FC.0) K2-N1

ISN C067 l»l

ISN 006B DO 130 K«M.K2

ISN 0069 VIJI>VALUIL)

ISN 0070 I=L»1

ISN 0071 J=J«1

ISN 0072 130 CONTINUE

ISN 0073 NV*K2-M»1

ISN 0074 URI 1E1KCUT.13I CARD!3 I.Nl.N2.1V ALU(L).L-1.NVI
ISN 0075 13 FCRMATI1X.A4.'('.I2.'.'.12.' I •/IIX1P5E14.5I 1



ISN 0077

ISN 0079

ISN 0081

ISN 0082

ISN 008 3

ISN 0084

ISN 0086

ISN 0087

ISN 0089

ISN 0090

ISN 0041

C

C

C

ISN 0092

ISN 0094

ISN 0096

ISN 0097

ISN 0098

ISN 0099

C

C

C

ISN 0101

ISN 0102

ISN 0104

ISN 0105

ISN 0106

ISN 0107

ISN 0109

ISN OHO

ISN 0111

ISN on?

ISN 0113

ISN 0114

ISN 0115

C

c

c

ISN 0116

ISN one

ISN 0120

ISN 0121

ISN 01??

ISN 0123

ISN 0124

ISN 0125

ISN 0126

ISN 0127

ISN 0128

ISN 0129

ISN 0130

ISN 0131

ISN 0132

ISN 0134

ISN 0135

ISN 0136

ISN 0137

ISN 0138

ISN 0139

ISN 0140

ISN 0141

ISN 0142

ISN 0143

ISN 0144

C

C

C

r.

r.

ISN 0145

ISN 0146

ISN 0148
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GC TC 125

CHFCK FCR RESET - PUT REFERENCE VALUES BACK INTO V

135 lFlCARDtll.NE.HREi) GU TO 15C

IFICARD 131.NE.H8LKI GU TO 131

136 CALL SEIRFFICAROdJ I

GO TC 100

KAPE NOT PLANK - TEST AGA IKST NP ARRAY

137 CALL PA1CHICARDI31.NM.NVAR.NKI

IFIKK.KE.OI GC TO 136

KO HATCF FOUND IN NH - TRY KP.CN

CALL PATCmCAROm.NMCN.NCN. KC I
IFIKC.KE.OI GC TO 136

URITEIKCUT.5I

5 FORMAT!' ERRCR IN RESET SPECIFICATIONS'!

GC TC 1C6

ChECK FCR PRINT

150 IFICARDIll.NE.HPRTi GU TO 155

IFICARCI3I.NE.HBLK1 GU TO 152

151 CALI LCCKICAR0I3II

GO TO 100

KAME NOT CLANK - IEST AGA IKST KP ARRAV

152 CALI PATCHICAROIil.NN.NVAK.NKI

IFIKK.KE.01 GC TO 151

KC MATCH FCUNU IN NH - TRY KPCN

CALL PA1CHICAR0lii.NM.CN.NCN.KCI

IFIKC.KE.OI GC TO 151

URITEIKCUT.BI

8 FORMAT!' ERRCR IN PRINT SPECIFICATIONS'!

GO TC 1C6

155 IFICARDI1I.FC.HKUNI GO TO 160
URITEIKCUT.6I

6 FORMAT!' ERRCR - UNREC0GNI2EC INPUT'I

GC TC 106

160 K1RY«1

I SUM
NCC«0

CC2«0.00

CHFCK FCR FAILURE TU SET CC ANC CCT

IFICC.LF.0.00) CC»1.011

IFICCT.IE.0.CO) CCT'l.DlO

FRIKT UCRKING ARRAY V ON LIKE PRIN1ER

KSAV=KCUT

KOUT-IPR

CALL KEKPG

CALL irCKlFELKI

CALL NFfcPG

KOUT-KSAV

GC TC ?C0

GET CI18). CCF. 0118) ANO CI 191
ECS. 19A.B, 20. 218

2C0 CIIPI'O.DO

CCF"0.CO

0I18)'0.C0

0(19>»0.C0

CALL KEbPG

IFIRI5I.EC.0.D0I GU TU 205

FF-FI4MEI4I

HA-h(lR).AUB)

FEPH.HA.FE

BU*PI4)0hl4>
BFSC«(flk»FEPH/IFE.HI18))).«2»KI181

ALFA=RI5)/FE
Cll8l»ALFA«.2/IALFA».5OOO8ESC«ll.DC«DSCRTIl.D0.4.D0»ALFA/8ES0lll
Ull8l*Pb*A<4)*0S0Kt(C<U>*K(18ll
CCF*IRI5).FA»CU8II/FEPH

0(19I»CCF»FE

2C5 C0N1INUE

BEGIK CALCULATION OF QUANTITIES DEPENCENT ON CC

GET CI1C). CUD. 0(101. Clll)

FCS. 11A.P. 12.A.B

3C0 NCCNCC01

IFIKCC.LF.50I GO TO 301

URIIEIKCUI.35I H8LK



ISN 0149
ISN 0150

ISN 0151

ISN 0152

ISN 0153

ISN 0154

ISN 0155

C

C

r.

ISN 0156

ISN 015'

ISN 015B

ISN 0159

1 SN 0199

C

r.

c

c

ISN 0200

ISN 0202

ISN 0204

ISN 0205

c

r.

c

ISN 0206

ISN 0207

ISN 0208
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35 FnRMAII* FAILURfc IN iuLUTION FCR CC'.Al)
GC 10 ICO

3C1 00 305 I-lC.ll

A IFA«KII).(PI1I/(TII)»HII)))««2

CALL CCLACICC.ALFA.CUD

OIII-PIII'AI l).DSURTIK.III«CI III/TI I)

3C5 CONTINUE

GET CI161. 0116) - EUS. 171.B

BflllKblll

ALFA»K(16|0|PU/HU6>)»«2

CALL CCLA0ICC.ALFA.CU6I)

0(16)«BU»AU6I«USURI(KI16I»CI16I)

C

C GFT CI 171 - EU. 18

C

ISN 0160 0I17I*F(3I»EI31»CC

C

C GET CI13). 0113). CI14I. CI14I. C(15). 0115)

C ECS. 14/.P. 22A. 15A.B. 23A. 16A.B. 24A

C

ISN 0161 !C,nCF»0

ISN 0162 CALL CSCLVE ICC.CSG.PI 13 I.TI I 3 ).K131.K21).Kl 13 I .Kl21 I,CTCL.

1 IGCCF.r.l 131 .CI21 I I

ISN 0163 IFI IGCCF.LE.OI GU TU 32u

ISN 0165 Kl»13

ISN 0166 K2=?l

ISN 0167 C2 = CSf,

ISN 0168 315 URI1FIKCUT.30) K1.K2

ISN 0169 30 FCRMATC FAILURfc IN SULUT ION FCR CC.I2.') AND CI*. 12.')')

ISN 0170 IG0CF=-1

ISN 0171 CALL CSCIVEICC.C2.PIK1I.IIK1I.HKII.HK2).KIK11.KIK2I.CT01.
1 IGCCF.CIK1).CIK2I)

ISN 0172 GO in 100

ISN 0173 320 CALL C Sf IVF ICC .CSS.P I 14) .T ( 14 I ,K 14 1. K 22 I, K I 14 I. K I 22 ) .C TCI .

1 IGCCF.CI14I.CI22II

ISN C174 IFI IGCCF.LE.OI GU TO ^25

ISN 0176 Kl=14

ISN 0177 K2«22

ISN 0178 C?*CSS

ISN 0179 GO TO 315

ISN OISO 3?5 CALI CSCIVF(CC.CSR.PI 151.TI 15).Fl15 I.Fl23 I.Kl15).Kl23).CTCL.

1 IGCCF.CI151.CI23II

ISN 0181 IFI IGCrF.LE.OI GO IQ 33U

ISN 0183 Kl=15

ISN 0184 K2 = 23

ISN G1P.5 C?=CSR

ISN 01 86 GO 10 315

r.

C Ctl3l.CI21l.Ul141.0122).01151.0(23)

C

ISN 0IB7 330 00 335 1=13.15

ISN 0188 Oil I'HIIMAI I)«ICC-CIII)

ISN 0189 0<8«II*-CII>

ISN 0190 335 CCN1IKLF

r.

C GE1 CII2). Ll<) A,«b CI 12 I - EOS. 21A. 13A.R

C

ISN 0191 0112)-R(3I*R!4)-UI1U)-0(11)-CI 131-CI 14 1-0(151-01161-0( 171

ISN 019? 0(4)«-C(12)
ISN 0193 r.(12l»CC-Cll2l/IHH2).A(«) I

ISN 0194 IFICI 121.GT.0.00) GO TO 340

ISN C196 I C.= 12

ISN 0197 URI TEIKCUT.80) NCC.H8LK.CC. 1C.C IIC I
ISN 0198 80 FOR MATUX. 13.' CC'.Al.' -'.1PEM.5.' CC.I2.') =',E14.5)

r.

C IF C(12 I IS NEGATIVE. AOJUST CC ANC TRY AGAIN

C

336 C.C*C.C*CC

SEE IF AN UPPER LIMI1 (CC2I MAS FCUKC.

IF SC CO KOT EXCEfcD IT.

IFICC2.EC.C.C0) GO TO 300

IFICC.LT.CC2) GO TU 300

CC*C.500»(CC2«O.5D0»CC>

GC 1C 300

GEI C(4) AND CF - EOS. 13*.E. 4A.B

3 40 C 14 l»(CSCRTIK!12>«CU2l>-U( 12 )• T I 4 ) / I P ( 4 l«AI 4 ) 1 )»«2/K( 4)

CF=C(4I-C(12)/IHI4I»A(4)I

IF(CF.Gl.O.CO) GO 10 500

C

C IF CF IS NEGATIVE, AUJUST CC ANC TRY AGAIN

C

ISN 0210 URITFIKCLT.81I NCC.HULK.CC.HELK.CF
ISN 0211 81 F0RMATUX.I3.' CC'.Al.' -'.IPEH.5.' CF'.Al.' -'.E14.5I

ISN 0212 GO TC 336

ISN 0213 5C0 IFIK1PY.KE.il GO TO 501

ISN 0215 RF1-0.C0

ISN 0216 RF2=0.CC
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ISN 021 7
ISN 0218

ISN 0219

ISN 0220

ISN 0221

ISN 0222

ISN 0223

ISN 0224

ISN 0225

KIRY.2
NCC-0

URI IE HcrUT.SCIMRL".

50FCRMATC ITERATIVE SOLUII0N FCR CC'.Al/IX/

1 • KCC'.6X.'CC1'.UX.'CCL'. llX.'CCX'.UX.'RFX'.llX.'CCS'/IXI

EEGIK CALCULATION UF OUANTITIES CEPFNCENT ON CF

GET Clll. CI2I. CO). Oil). CI2). CI 31

FOS. U.B. 2A.8. 3A.B

5C1 DC 505 l>1.3
ALFA>KII|.|PII)/IIII|.HII))I<«2

CALL CCUADICF.ALFA.Clll)

0(l).P(l)«AI II'DSURTIKIII.CI ID/Till

5C5 C0N1INUE

ISN 0226

ISN 0?2 7

ISN 0228

ISN 0229

ISN 0231

r.

c

r.

ISN 0232

ISN 0233

ISN 0234

ISN 0235

ISN 0236

C

C

r.

ISN 0237

ISN 0238

ISN 0239

ISN 0240

C

C

•c

ISN 0242

r.

c

c.
r.

ISN 0244

ISN 0246

ISN 0247

ISN 024 8

ISN 0249

ISN 0250

ISN 0251

ISN 0252

ISN 0253

ISN 0254

ISN 0255

ISN 0256

ISN 0257

ISN 0258

C

C

C

C

ISN 0259

ISN 0260

ISN 076?

ISN 0763

ISN 0764

C

C

C

ISN 0765

GEI CIS). CI5I - EOS. 5A.E

BU-PI1MUI II

AIFA>KI5)»IBU/HI5I)««2

CALL CCLA0ICF.ALFA.CI5II

Ot5l>BI..AI5l«DSCRTtKI5l»C(5ll

CFT CI6) - EG. 6

0I6I-FI1I*E(1)«CF

GET CFF - EC. 10

CFF»M.L»DSCRT IK (5I.CH/KI 71

GET CI7I. CI7) - EOS. 7A.F

RU-PI2MUI2I

ALFA»Kt7l«lBU/HI7ll««2

CALL CCUADtCFF.ALFA.CI7U

Ot7|.Ek»AI7l«DSCKT(Kt7l»CI7ll

GET CI8) - EC. 8

0(8)=F(2)»EI2)»CFF

CAICULATE RF FOR EO. 9

RSUM-RIIIKI2I
RF-CI1l«CI2I.C(3l»u(4)»UI5l«CI6|.0(7)«0(e)-RSUM

TE-RF/RSUP

TEST CCKVERGENCE

IFtDABStTEI.LT.TTULI GO TO 7CC

KCT CCKVERGED - CHECK KTRY TO SEE UFAT NEXT

IFIK1RY.KF.2I GU TO 540

KTRY«2 PEAKS PRELIMINARY SIARCF FOR CC1 AND CC2
UHICF BRACKET THE ANSUER

IF (RF.GT.O.rO) GU TU 510

CCl'CC
RF1-RF

URITEIKCUT.55I NCC.CC1.RF1
55 FCRMAK IX. I3.1PH4.5./BX. fcl4.'. I

GC 10 515

510 CC2.CC

RF2-RF

URI1EIKCUT.56I NCC.KF2.CC2

56 F0RPAII1X.I3.42X.1P2E14.5)
515 IF(RF1*PF2I 530.520.316

RF1.RF2 PCSIT1VE SHOULD NEVER HAPPEN - SOMETHING URCNG

516 URITEIKCUT.51) HBLK

51 FCRPATI' RFl»RF2 POSITIVE - SCMEThING FCULED UP IN CC'.Al!
GO TC ICO

STIll LCCKING FUR ONE LIMIT - ACJUST CC AND TRY AGAIN
KEEP ADJUSIHfcNT FACTOR LESS THAN ICO ANO GREATER THAN .01

52C TFXCLG»1E»XCLCG
IFICABSITEXCLGI.GI.4.OD0I TEXCLC-DSIGNI4.6D0.TEXCLGI
ADJ-OICGICCI-TEXCLG

CCCEXPtACJI

GO TO 300

RF1»RF2 NEGATIVE - ANSUER ERACKFTEC

530 KTRY-3

IKVFRSE LINEAR 1NTERP0LAT ICK

535 CCL»IRF1»CC2 - RF20CC11/IRF1-RF2)



ISN 0767 KTRY=4
ISN 0?6R IFI ISk.FC.il GC TU 531

ISN 0?7O CCsCCl

ISN 0771 GC TC 3C0

ISN 0272 537 CCT=CCL

ISN 0273 GC TC 7C5

ISN 0274 540 IFI KTRY .EC.3 I GU 10 535

ISN C276 IF! KIRY.KE.4) GC TO 555

70

C KIRY»4 PEAKS INVERSE LINEAR INTERFCLAT ION HAS BEEN

C CCMFLETEO ANU KFICCLI CALCULATED

C

ISN 0278 URITEIKCUT.521 NCC.UC1.CC.RF.CC2
ISN 0279 52 FORMAT I 1 X. I 3 . 1P2E14.5.14X.2E14.5 I

ISN 0280 542 RFT-RF

C

C IKVEFSF CUAURAT1C INIERPCLATICN

C

ISN 0781 nl=FFl-PFT

ISN 07H? 0?=FF2-PFT

ISN 0283 D3-C2-D1
ISN 0284 CCX.CCL»RF1»FF2/(01.02)-CCl»RTT*RF2/(Cl»D3)»CC2«RFl»RF1/tD2»D3)

ISN 0785 IFICCX.IT.CC1) GU TU 545

ISN 0787 IFICCX.GT.CC2) GO TO 545

ISN 0789 KTRY=5

ISN 0790 IFI ISU.EC.2) GO TU 544

ISN 0792 CC-CCX

ISN C293 GC TC 3C0
ISN 0294 544 CCT«CCX

ISN 0295 GC TC 7C5
ISN 0796 545 IFIRF1.11.0.CC) GO TU 550

ISN 0298 CC2»CCl

ISN C799 RF7»RFT

ISN 0300 GO 10 530
ISN 0301 550 CC1«CCI

ISN 0302 RF1=RFT

ISN 0303 GC TC 530

C

C KTRY=5 PEAKS INVtKSE OUACRATIC INTERPOLATION HAS BEEN
C CCMPLETED ANU KFtCCXI CALCLLATEC

C

ISN 0304 555 IFl KTRY.KF.51 GU TO 585

ISN 0306 55b RFX=RF

ISN 0307 HRMEIKCUT .53 ) CCX.RFX

ISN 0308 53 FCRPAT02X.1F2E14.5I

C

C TFST PFT AND RFX TU SEt UFAI NEU LIMITS ARE

C

ISN 0309 IFIRFX.CT.C.COI GO TO 570
ISN 0311 IFIRFT.GT.O.COI GU TO 565

ISN 0313 IF!DABSIRFXI.GT.OABSIRFTI) GC TC 5 50

ISN 0315 560 CCI'CCX

ISN 0316 RF1=RFX

ISN 0317 GO 10 530

ISN 0318 565 CC2=CCL

ISN 0319 RF?*RFI

ISN 0370 CC TF 560

ISN 0371 57C IFIRFT.IT.O.CO) GO TU 580

ISN 0323 IFIRFX.CT.RFTI GU TO 565
ISN 0325 575 CC?=CCX

ISN 0326 RF2»RFX

ISN 0377 CT TC 530

1SN 0378 580 CC1»CCl

ISN 0379 RF1=RFT

ISN 0330 GO TC 575

ISN 0331 585 URI IE IKCUT .54 I KTRY
ISN 0332 54 FORMAT!' KTRY ='.14/' ERROR'!

ISN 0333 GC TC 100

C
C CALCLLA1ICN OF TRITIUM DISTRIBUIICK - CCT SET BY
f. CHANGE INSTHUCTIUN

C

ISN 0334 7C0 KTRV-1

ISN 0335 ISU=2

ISN 03 36 NCCT'O

GET CI4C) ANO 0141) - EOS. 34 ANC 35

ISN 0337 7C5 NCCT»NCCT»1
ISN 0338 IFINCCI.LE.50I GU TO 706
ISN 0340 URITEIKCUT.35I HTEE
ISN 0341 GC TC 100

ISN 0342 7C6 RATIC=CCT/CC

ISN 0343 0I4CI»R/TIC»C(UI

ISN 0344 0(41)«RATIC»C(U)

ISN 0345 0SUK*CI41I«CI40I

GET C(43I.C(44).C(45).u( 43 I. C ( 44 ) .C ( 45 I - EOS. 37A.B. 38A.B. 39A,

ISN 0346 DC 710 1-43.45

ISN 0347 J=l-30
ISN C34R TCTI J)«CSCPT(C(JI/KIJI)

ISN 0349 HTCCP=TC»HIJ)/P(JI
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ISN 0350 Clll»CCl»F1CCP/tl.U0.HlC0PI
ISN 0351 oil |.FIJI«AIJ)«CII)/TC
ISN 0352 0SUP-Ct1l»CSLIP
ISN 0353 710 CON1INUE

C

C GE1 CI46I THRU UI49I - ECS. 40 1HRU 43
C

ISN 0354 00 715 1-46.49
ISN 0355 0(1 )=0I l-30)*RAIIO
ISN 0356 OSIIM-CIII«CSUM
ISN 0357 715 CCNTINUE

C
C GET CI42I ANU 0U4I - EC. 44 - MATERIAL BALANCE
C

ISN 0358 0I42I-FI31-CSUM
ISN 0359 0I341--CI42I

C
C fFT CI42I -EU. 36A - CHECK FCR POSITIVE
C

C(4 2I=CC1-CI42I/IH(12I»A(4II
IK CU2l.GT.CDu) GO TO 725

IC-42
721 URI1EIKCUT.80I NCCT.HIfct.CCT.IC.C1IC)
720 CrT-CCI.CCJ

GC TC 705

CI42I FCSITIVE - GET CI34I - EC. 288 - CHECK FCR POSITIVE

725 r(34l-tCI42l/CSU8TICtWI/Kll2l)-TI4l«CI42l/IPI4l»A(4) I l«DS0RTICI4l
t/KI4l)

IFICO4I.GT.0.C0) GU TO 730
IC-34

GO TO 72 1

CI34) PCSITIVfc - GET CFT - EC. 28A - CHECK FCR POSIIIVE

730 CFT-CI34l-CI42)/(Ht4l»A14l)
IF!CFT.GT.0.1 GC TO 735
URITEtKrUT.81) NCCT.HTEE.CCT.F1EE.CFI
GO TC 72C

C CFT. CI34I ANU CI42I ALL FCSITIVE - CHECK KTRY
C FOR KEXT STEP

C

ISN 0377 735 IFIKTRY.NE.il GU TO 750
ISN 0379 KTRY-2
ISN 0380 RF1-0.0C
ISN 0381 RF2-0.CC
ISN 0382 NCCT-0
ISN 0383 URITE IKCUT.50) HTEE
ISN 0384 750 RATIF-CFT/CF
ISN 0385 OTSM-O.CO
ISN 0386 DO 755 1-31.38
ISN 0387 IF!I.EC.341 CC TU 755
ISN 0389 0(1 l =RATIF»0II-30)
ISN 0390 755 OTSP-CISM»CI I I
ISN C391 RF-CTSP-RI1)
ISN 0392 TF-RF/RI1)
ISN 0393 IFICABSIIEI.LT.TTOL) GU TU 9CC
TSN 0395 IFIKTRY.KF.21 GO TO 790
JSN 0397 IFIRF.GT.O.DOI GU TO 760
ISN 0399 CC1-CCT
ISN 0400 RF1=RF
ISN 0401 HRITEIKCUT.55I NCCT.CC1.RF1
ISN 0407 GT TC 765
ISN 0403 760 CC2-CCT

ISN 0404 RF2-RF
ISN 0405 URIIEIKCUT.56I M.CT.RF2.CC2
ISN 0406 765 IFIRF1*RF21 530.770.766
ISN 0407 766 URI IE IKCUT.51) HIFE
ISN 0408 GO IC 100

r STIIL LCCKIKG FUR UNfc LIMIT - ACJUST CCT AND TRY AGAIN
C KEEF ADJUSTMENT FACTOR LESS THAN ICO AND GREATER THAN .01
C

ISN 0409 770 TFXClG-TF-XCLCG
]%N 041Q IFtOAESITEXCLGI.GT.4.600) TEXCLC-CS IGNI4.6D0.TEXCLGI
ISN 0412 ADJ-CLCGICCTI-TEXCLG
ISN 0413 CCT-OEXFIAtJI
ISN 0414 GC TC 7C5
ISN 0415 790 IFIKTRY.EC.3) GU TO 535
I<;N Q417 IFIKTRY.NF.4I GO TO 795
ISN o«iq URITEIKCUT.52) NCCT.CC1.CCT,FF.CC2
ISN 0470 GC TC 542
ISN 0421 795 IFIKTRY.KF.5) GO TO 585
ISN 0423 GO IC 556

C

C TUIPL1 SECTION
C SUMMARY OUTPUT TO UNIT KOUT
C

ISN 0474 900 CALL KFkPG
ISN 0475 "'"I TEIKCUT.92I
ISN 0426 92 FCRPAII' OLTPUI SUMMARY'/ IXI

ISN 0360

ISN 0361

ISN 036 3

ISN 0364

ISN 0365

ISN 0366

r.

r.

C

ISN 0367

ISN 0368

ISN 0370

ISN 0371

c

c

c

ISN 0372

ISN 0373

ISN 0375

ISN 0376



ISN 042 7
ISN 042 8

ISN 0429

ISN 0450

ISN 04 31

ISN 04 3?

ISN 0433

I5N 0434

ISN 0435

ISK 0436

ISN 04 3 7

ISN 0438

ISN 04 3 9

ISN 0440

ISN 0441

ISN 044?

ISN 044 3

ISN 0444

ISN 0445

1SN 0446

ISN 0447

ISN 0448

ISN 0449

ISN 0450

ISN 0451

ISN 045?

ISN 0453

ISN 0454

ISN 0455

ISN 0456

ISN 045 7

C

C

C

ISN 0458

1 SN 0459

1 SN 0460

1 SN 0461

ISN 0462

72

0H!SS=CI13)»CU4I*0U5I
01SS-CI43I«QI44)»UI45I

0HSS-CF1SS-0ISS

RSUM-1.C0/IRI1I»R(3I)

FRISS-PSUM.CTSS

URI IEIKCUT.9 3) OHTSS.OTSS.CHS 5.FRTSS
S3 FORMAT!' STEAM SYSTEM'/5A.'FLCU CF H ♦ T INTO STEAM SYSTEM'.

1 1PE16.5/5X.'FLOU UF I INTO STEAM SYSTEM',E20.5/5X.'FUCU CF H '.

2'1N10 SIEAP SYSTEM'.t20.5/5X.'FRACTION OF T INTO STEAM SYSTEM'.
3 Fit.5/1X1

OHTFk*CU0)»Clll>

0IPU-Ct40)*CI41)

FRTPU-CTPWARSUM

FTSSK-CI46I»RSUM

FRTSF=CI48)«RSUM

FRRFT-C(47)*RSUM

FRRPF-CI49I-RSUM

URITFIKCUT.94I 0!4).0134).OHTFU.CTPU.C116 1. 01 46 I•0! 18 I .CI 48)•
1 CM 71 .C 147) ,CU9I.0I49).FRTPU.FTSSK.FRTSF.FRRPT.FRRPF

URITEIKCUT.95I CC.CCT.CLF

94 FORMAT!' SFCCNDARY SYSTEM'/' FL0KS'/5X.'H ♦ T INTC SECONDARY '.
I'FRCP PRIMARY'.1PH4.5/5X.T INTO SECCNCARY FROM PR IMARY'.E 18.5/
2 5X.'H • T THRU PIPfc UALLS INTC CELLS'.E15.5/5X.•T THRL PIPE '.

3'UAILS IKTC CELLS'.£19.5/' SCRPTION PY SINK'/5X,'H » T',28X.
4 F 14.5/5X.'T'.32X.E14.5/5X. 'HF•,3 IX.E14.5/5X.•TF',31X.E14.5/

5' REMCVAl PY PURGt'/5X.'H • T•.2EX.E14.5/5X.'T'.32X.E14.5/5X,
6'HF '.31X.E14.5/5X.' IF'.3LX.EI4.5/' FRACTION OF T'/5X,•PAS SING',
7' THRU FIFE KALLS'.l0x.fcl4.5/5X.'SCRPEC BY SINK AS T'. 14X.E14.5/
8 SX.'SCRBEC PY SINK AS TF•.I3X,E14.5/5X.•REMOVEC BY PURGF AS T'.

9 12X.F14.5/5X.'kfcMUVfc0 BY PURGE AS TF•,1IX,E14.51

95 FORMAT!' CCKCfcNTRATIONS IN SECCNCARY SALT'/5X,'H • T (CC)',23X.
1 1PF14.5/5X.'T ICUT1'.26X.E14.5/5X.'HF tCCFI•.2«X.E14.5/lX/IX)

OFTk-CI lucm.cii)

0TU>CI?II»CI32>*QI33I

FRTkC-CTKPSUM

F1S5T»CI35I»PSUM

FTSSIF-C(37)«RSUM

FTRPT-C I36)»RSUM

FTRFTF = C08)«RSUM

URI TEIKCUT.96) UHT».UTu.UI5).CI 35 I.CI 7 1.0137 I.0 I 6).0I 36 I.CI 8),

1 CI38I.FRTkC.FTSSI.FTSSIF.FTPFT.FTRPTF

URITEIKCLT.97I CF.CFT.CFF

96 FORPATI' PRIMARY SYSTEM'/' FLCMS'/5X.'H ♦ T THRU kALCS INTO ',

1 'CEIL'.1FE21.5/5X.'T THRU UALLS INTO CELL'•1IX,E14.5/' SORPTION
2P.Y SINK'/5X,'H ♦ I•.2dX. E14.5/5X.•T•,22X,E14.5/5X.'HF• ,31X.E14.5/
3 5X.'TF'.31X.E14.5/' REMOVAL BY PURGE'/5X,'H « T•,28>,E I4.5/5X,
4'T'.32X.E14.5/5X.'HF'.3U.E14.5/5X.'TF'.31X.E14.5/' FRACTION OF
5T'/5X.'PASSING THRU UALLS INTC CELL'.E 19.5/5X.•SORBED BY SINK AS •

6.'T'.14X.E14.5/5*.'bUR»fcO BY SINK AS IF•.I3X.E14.5/5X,'REMOVEO '.
7'RY PURGE AS T•.12X.fcl4.5/5X.•REMOVED BY PURGE AS TF*,1IX.E14.51

97 FTRMATC CCNCENTRAIIUNS IN PRIMARY SALT'/5X.'F ♦ I ICF)',23X,

1 1PE14.5/5X. 'T(CFT) ' .2 7A. fc14. *:/5X. 'HF ICFF ) • . 25X . E 14. 5 I
CALI KFkPG

GC TC 100

END CF FILE DEIECTEU UN IKFUT UNIT

557 CALL KFkPG

URITEIKCLT.99I
99 FORMAT!' NCRMAL STOP - ALL CATA PRCCtSSEC'l

STCF

END

• OPTIONS IN EFFECT* NAME- MA IN.OPI-02.LINECN1-95.S 12E-GCCOK,

•OPTICNS IN FFFFCT. SCURCE.EBCCIC.NOL1ST.NCOECK.LCAC,NCMAP.NOEDIT.NOID.KCXREF

.STATISTICS* SOURCE STATEMENTS - 461 .PROGRAM SUE « 10188

•STATISIIfS- NO DIAGNOSTICS GFNERAItU

...... FND CF C0MPIIAT10N »»•«»» 45K BYTES OF CORE NOT USED
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LEVFL 21.6 IDFC 721 OS/340 FORTRAN H OATE 74.304/09.19.05

COMPILER OPTIONS - NAPE- MAIN.OPI-02.LINECNT-95.SI2F-0O0OK.
SOURCE.EBCDIC.NOLIST.NOOECK.LCAC.NOMAP.NOEDIT.NCID.NOXREF

BLOCK CATA
COMMON /ELK3/ I0IMI20I. IUSEI2CI. NMI20I. IBEGI20). NMCNI10I,

C NVAR, NCN

DATA IDIP / 20.5.50.10,5.5.25.25,2C.1C.20.5.1.1.6»0/
DATA USE / 18.4.45. 9.4.4.23.23.IS. 5.15.4.1.1,6«0/
DATA IBEG / 1.21.26.76.86.91.5C,121.146.166.176,156.201,202.6*0/
DATA KM/4HA .*H0 .4HC .4FCN .4HE .4HF ,4HH

C 4HK .4HP .4HR ,4FT .4FU ,4HM .4HU /
DATA NVAR. NCN / 14. 9 /

DATA NPCN / 4HCF .4HCFF .4HCFT .4HCC .4HCCF .4HCCT .4HCSG .
t 4HCSS .4HCSR .4H /

COMPCN /BLK2/ IN. IOUI. IPR. KCU1, KPR

DATA IN. ICUT. IPM /5. 20. 6/

IN - INPUT UNIT NU.

ICUT - AUXILIARY OUTPUT UNIT NO.
IPR - LINE PRINTER UNIT NC.

ISN 0012 END

• OPTIONS IN EFFECT. NAME- PA IN.0PI-02.LINECNT-95.S I2E-00C0K.

• OPTIONS IN FFFFCT* SOURCE . E8CCIC.NOLISI.NO0ECK.ICACNCMAP.N0E0I T.N01D, NOXREF

• STATISTICS. SOURCE STA1EPEMS - 11 .PROGRAM SIZE " 8

•STATISTICS* NO DIAGNOSTICS GENERATED

...... FN0 CF COMPILATION »••••• 12« BYTES OF CORE NOT USED

ISN 000?

ISN 000 3

ISN 0004

ISN 0005

ISN 0006

ISN 0007

ISN 0008

ISN 0009

ISN 0010

ISN 0011

C

C

C

c

c
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IEVEL 21.6 IDEC 721 0S/36C FCRIRAN H

ISN 0003

ISN 0004

ISN 0005

ISN 0006

ISN 0007

C

r.

r.

c

ISN 0008

ISN 0009

ISN 0010

ISN 0011

c

c

c

c

c

c

ISN C012

ER OPTIONS- NAME- MAIN.OPT-02.L INECNT-95,SI2E-OOOOK.
SOURCE.EBCDIC.NOLIST.NCCECK.LCACNOMAP.NOEOIT.NOIC.NOXREF

SUBROUTINE SE1REFINAMEI

SETS VARIABLES TO THEIR REFERENCE VALUES. IF NAME IS BLANK.

ALL VARIAELES AS SPECIFIEO IN THE ARRAY NM MILL BE SET.

IF NAMF IS PNNI. ALL VARIABLES IN THE ARRAY VREF

kUL BE PRINTED.

IMPLICIT REAl«8 IA-H.0-21

REAL*4 VURC.VU.UURO

CCMMCK/8LK3/ IUIMI20I. IUSEI2C). NMI20). IBEGl.... NMCM1CI.
1 NVAR.NCN

OIMENSICN VRFFI250). V01I155I. VC2I75I

EQUIVALENCE IVU1111.VREFI96>I. IV02III.VREFI 176 11

V01 ANC VC2 ARE DUMMY ARRAYS USEC IN THE INITIALIZATION OF

PARTS OF VREF. THE REFERENCE ARRAY.

DATA IR1NK/4H / . I PRT/4HPRM/

DATA VkF0/4HVREF/. VU/4HV /

CCMMCN/8LK2/IN. IOUT. IPR. KELT. KPR

CCMPCK /BLK1/ VI250)

IHF COMMENT CAKUS INTERSPERSED AMONG THE FOLLOWING

CONTINUATION CARDS CAUSE NC TROUELE UITH THE ORNL CCMPILFR.

1HIS IS CCNIRARY TO THE RULE ON PG. 12, GC2B-6515-8.

IBM SYSTEM/360 AND SYSIEM/370 FORTRAN IV LANGUAGE.

DATA VREF

REFERENCE VALUES FOR Alii

1 /.606*.506.3.5U6.49.06.52.06.-1.CO.52.06.2*-1.DO ,11.C<,8.8D6.

2 49.D6.31.C6.27.O6.18.U6.O.CC.-1.00.0.D0.2*-1.0C ,

REFERENCE VALUES FOR till)

2 3.071.3.D21.I.U18.1.U18.-1.CC.

REFERENCE VALUES FOR Clll ARE ALL ZERO

3 45*0.OC .5«-l.U0 .

REFERENCE VALUES FOR CM I )

4 6»-l.CC .2.C10.9.011.1.011.-1.CC.

PFFFRENCE VALUfcS FUR El I I

5 .5 00..C17D0..1600..UU18DO.-I.CO.

REFERFNCE VALUES FOR Fill

6 3.6D5.3.6C5.5.O5.5.U5.-1.D0/

REFERENCE VALUtS FOR Hill

DATA VC1/

I 1.60-2.6.C-3.9.0-5.1.90-2.3.C-3.-1.CC.3.0-3.2*-1.DC .
? 7.4D-7.3.4D-2.9.70-2.4.3 0-2.4.70-2,4.00-2. .800.-1.DO..800.

3 2*-l.CC .5.8D0.12.U0.JO.C0,2*-1.0C .

REFEFENCF VALUES FUR Kill

4 1.2D-17.2.D-l7.1.50-17.1.50-17,1.40-17,-1.DO,1.50-19.2*-l.DO,
53.4C-18,5.0-18.4.0-18.4.50-18.3.5D-18.4.0-18.4.4D-18.-1.DC.
X l.lD-2C.2«-l.l!U.4.5O-20. 5. 1C-2C. 4 .8C-2C. 2*-l .CC.

REFERENCE VALUtS FOR Pill

62.1015.6.7014.9.0014.9.UO14,5*-l.CC.1.1D15, 1.80 14,9.00 14,1.8D14,

76.7C14.3.5C14.5.-1.U0.

REFFRFNCF VALUfcS FUH Rill

8 5.FD17.4*C.CC .5.-I.U0 /

REFERENCE VALUES FUR Till

DATA VC2/

1 2*13.00 .5O.DO.l.UO.5«-l.O0 .2*13.CC .1.00,2*2.OC .1.CC.5*-l.D0.

REFERENCE VALUES FOR UIII

2 4*1.CO .-I.CC.

REFERENCE VALUt FOR M

31.120-6.

REFERENCE VALUE. FOR U

4 1.02/

DATE 74.3C4/09.19. 12



ISN 0015

ISN 0017

IFINAPE.EO.IBLNKI GO TO 102

IFINAPe.EC.IFRT) GU TO 115

ICCK FCF MAICH IN NM FABLE

75

ISN 0019

ISN 0070

0

C

c

c

c

c

ISN 007?

ISN 0073

ISN 0075

ISN 0076

ISN 0077

ISN 0078

ISN 0079

ISN 0030

CALL MATCH(NAME.UN.NVAR. NK)

IFINK.KF.OI GC TO 101

KC MATCH FCUNU - PRINT MESSAGE

CHFCK NAME AGAINSI CN TABLE

CALL PATCHINAMt.NMCN.NCN.KCI

IFIKC.EC.O) GC TO 300

J»IBEGI4MKC-1

V! JI-VRFFUI

RFTLRN

3C0 URI1EIKCUT.1) NAME

I FORMATUX/' NC MATCH FUR '.A4.'

RFTURK

IN SEIREF - NO CHANGE IN V)

ISN 0011

ISN 003?

ISN 0033

ISN 0034

ISN 0035

ISN 00 36

ISN 0037

ISN 0038

ISN 0039

ISN 0040

ISN 004 1

ISN 0042

ISN 0043

ISN 0044

ISN 0045

ISN 0046

ISN 0047

ISN 0048

ISN 0050

ISN 0051

ISN 005?

ISN 005 3

ISN 0054

ISN 0055

ISN 0056

ISN 0057

ISN 0058

ISN 0059

ISN 0060

ISN 0061

ISN 0062

ISN 0063

ISN 0064

ISN 0065

ISN 0066

ISN 006 7

ISN 0068

I SN 0069

ISN 0070

C

C

c

ISN 0072

1 SN 0073

r.

c

c

ISN 0075

ISN 0076

ISN 0078

ISN 0079

ISN 0080

ISN 0081

ISN 008?

ISN 0083

1 SN 0084

NAME = KMIKK1

1C1 M-KK

N2-NK

GC IC 1C3

IC? Nl-1

N7-KVAR

1C3 DC 110 N-M.N2

1T-IUSFIM

J-IBFGINI

00 105 1-1.IT

VIJI-VREFIJI

1C5 J-J»l

110 CONTINUF

RFTURK

PRINI ALL RtFERFNCE VALUES

115 LINES-5C

UORC-VkPC

00 130 N-l.NVAR

II-IUSEINI/5«4

IFI1INES.I1.LE.50) GO 10 120

CALL NEkFG

URIIFIKCU1.2) UURO

2 FORMATI' VALUES IN ARRAY '.A4I

LINES-C

120 URI1EIKCUT.3) NMINI.IOIMINl. IUSEIN I.IEEGIN),t I.I-1.51

3 FORPAIIIX/' KAME '.A4.' 0IMEKSICN'.14.• USED'.14.' STARTS AT'14/

1 7X.4(11,13XI.il/lX)

Jl-IBEGINI

ll-Jl

J2-IKIUSEIM-1

Dr 125 J-J1.J2.5

!2-P!N0III*4.J2)

URI1EIKCUT.4] IVKtFIII.I-ll.12)

4 FORMATUX.1P5E14.5)

I1-I2.1

125 C0N1IKUE

LINFS-IINFS.I1

130 CONTINUE

RFTURN

FNTRY ICCK

UORC-Vk

PRINTS VALUES IN V SELECTEC BY NAME. IF NAME

IS PLANK. PRINT ALL.

CHECK KAME

IFINAPE.EC.IPLNKi GU TO 132

LCCK FCF MATCH IN TABLE

CALL PATCHINAPt.NM.NVAH.NKI

IFIKK.KE.O) GC TO 201

CHECK NAMF AGAINST CN TABLE

CALL PA1CHINAPfc.NMCN.NCN.KCI

IFI KC.EC.OI GC TO 301

J-IBEGI4HKC-1

URITFIKCUT.61 NMCNIKCI. J. VIJI

6 F0RMATI1X/1X.A4.' -VC.I3.'). VALUE -'.1PE14.5I

RFTLRN

3C1 URI1EIKCUT.5) NAME
5 FORMATUX/' NC MATCH FOUND FCR '.A4,' IN LOOK - NO PRINT')

RFTLRN
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ISN 0085 2C1 NI-NK
ISN 0086 N2-KK

ISN CC87 GO TC 135

ISN 0088 132 Nl-1

ISN 0089 N2-NVAR

C

C FRIK1 SELECTED VALUES IN V

C

ISN C050 135 LINFS-5C

ISN 0091 DC 150 N-KI.N2

ISN 0092 IT-IUSFIKI/544

ISN 0093 IFIIINFS.I1.1E.50I GU 10 140

ISN C095 CALL NFkPG

ISN 0096 URI1FIKCU1.2) UORO

ISN 0097 IINFS-O

ISN C098 140 URI IEIKCU1.3I NHINI.1DIMINl.IUSElNI. I BEG INI.iI.1-1.51
ISN 0099 Jl-IBFGINI

ISN 010C I1-J1

ISN 0101 J7-11.IUSEINI-1

ISN 0107 DO 145 J-J1.J2.5

ISN 0103 12-KINOII 1.4.J2)

ISN 0104 URI 1EIKCUI.4I IVIII.1-11.12 I

ISN 0105 11-12+1

ISN 0106 145 CDNIINLE

ISN 0107 LINFS-lINES.1I

ISN 010B 150 CONIINUE

ISN 0109 RFTURN

ISN 0110 END

• OPTIONS IN FFFFCT. NAME- PA IN.UPT-G2.L INECM-S5. S I ZF-OCOOK ,

•0P1I0NS IN EFFFCT* SOURCE.EBCCIC.NOLISI.NUDECK.LCAC.NCPAP.NOEOI1.N0ID,NOXREF

• STATISTICS* SrURCF STATEMENTS » 109 .PROGRAP SIZE « 3996

•STA1ISTICS* NO DIAGNOSTICS GEKEFATtO

**..*• FNO CF COMPILATION ****** 10SK BYTES nF COPE NOT USED
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21.6 IOFC 721 0S/3AC F0R1RAN H

COMPUER OPTIONS - NAME- MAIN.OPI-02. L INECNT-95. S IZE-OOOOK.
SCURCE.taCOlC.NOL1ST.NOCECK.LCAD.NOMAP.NOEDIT,NO ID,NOXREF

SUBROUTINE CSCLVEICl.02.PK.TK.HK.HL.KK.KL.EPS.I GOOF.CK,CLI
IMPLICIT REALS (A-H.U-ZI

REAL*8 KK, KL

TESI-1CC.C0

ASSIGN 55 TO K

HKOFL-HK/Hl

PCTF*PK/ITK*HK)

CKHAX-CI*C2/FKCHL

CHECK FCR SOLUTION

CK2-CKMAX

G2-CK?-Cl«FOIH.O^URTIKK.CK2l

IFIG2.GI.0.I GO TO 85

ASSIGN 130 TC K

PRINT 4

4 FORMATI'INC SCLUTIUN'I

IGrCF-1

or ic 90

85 IFI IGCCF.GF.OI GU 10 95

FEACING FCR 0E8UG PRINTOUT

ISN 0002

ISN 0003

ISN 0004

ISN 0005

ISN 0006

ISN 0007

ISN 0008

ISN 0009

C

C

C

ISN 0010

ISN 0011

ISN 0012

ISN 0014

ISN 0015

ISN 0016

ISN 0017

ISN 0018

ISN 0019

ISN 0021

ISN 0027

ISN 0073

ISN 0074

ISN 0075

ISN 0076

ISN 0027

ISN 0028

C

C

C

ISN CC79

ISN 0030

C

C

C

ISN C032

ISN 0033

t.SN 0034

ISN 0035

ISN 0036

ISN 003 7

ISN 0038

ISN 0039

90 PRIN1 1. CI. C7. PK. IK. HK. FL. KK. I

1 FORMAT! '1CS01VE ARGUMENTS'/1FC.6X.'C1'

X 12X.

1 'HK',12X.'HL'.12A.'KK'.12X'KI.'.12X'EPS'/1X,1P9E14.5/'C IT .6)

2 'CKl'.UX.'CKT'.UX.'CX' , 1 2X . *CK2'. 1CX. ' TEST'/ 1X1

GC TC K. 155.1301

START ItERAUONS FUK CK

55 CK1-0.

CKC1D-CK1

Cll«Kl*IHKCHl*Cl*C2l

Gl--ICl«PCTH*DSORTICLU)

no 115 IT-1.50

IKVEPSF LINEAR INILRPOLATICN ANC CHECK FOR CCNVERGENGE

CKT-ICK1*G2-CK2»G1)/IG2-G1I

IFICA8SICKCLC/CKT-1.D0I.LT.FPS) GO TO 120

IF KfT CONVERGED. TRY INVERSE QUADRATIC INTERPOLATION

CLT=KL»IHKCHL*ICl-CKT)«C2)

FF-Cl»PCTM*ICSURTICLT)-DSU«T(KK*CKTII

G-CKT-FF

0G1-G-G1

DG2-G-G2

DG3-0G2-DG1

CX=-G»G2*CKl/IOG3»OGl)*Gi»G2«CKT/ICGl«CG2l»Gl»G«CK2/IDG3*DG2)

IFIIGCCF.GF.OI GU TO 200

CEBUG PRINTOUT

ISN 0041 PRINT 2.IT.CK1.CKT.CX.CK2.TFS1

ISN 0042 2 FCRMATI1XI3.1P5F14.5I

ISN 004 3 2C0 IFICX.IE.CK1I GO 10 1U2

ISN 0045 IFICX.GE.CKT) GO TO 102

ISN 0047 TEST-DAB SICKCL0/CX-1.D0I

ISN 004B IFI IEST.CT.EFSI GO TO 2U1

ISN 0050 CKT-CX

ISN 0051 GC TO 12C

ISN 0052 2CI CLX»«l*(HKCHL*ICl-CXI*C2)

ISN 0053 FX-C14PrTH*IGSuRIICLX)-DS0RTIKK*CX))

ISN 0054 GX-CX-FX

I SN 0055 CKOLO-CX

ISN 0056 IFIGX.1T.G.) GO TU 101
ISN 0058 CK2-CX

ISN 0059 G7-GX

ISN 0060 GO TO 115

ISN 0061 ICl CK1-CX

ISN 0062 Gl-GX

ISN 0063 GO TO 105

ISN 0064 1C2 tfst-dabsickold/ckt-l.doi

• SN 0065 CKOID - CKT

ISN 0066 IFITEST.LE.EFSI GU TO 120

ISN 0068 IF IG .EC. O.COI GO TO 120

ISN 0070 IFIG.GT.O.I GC TO 105

ISN 0072 Gl-G

ISN 0073 OKI-CKT

ISN 0074 GC IC 115

ISN 0075 1C5 G2-G

ISN 0076 CK2-CKT

ISN 0077 115

C

c

c

CONTINUE

PRINT KCN-CONVERGENCE ALARM

ISN 0078 PRINT 3

ISN 0079 3 FCRMATI'O CSCLVE UNAbLt TC FIND ROCT

L. EPS

. 12X.'C2'.12X.

CSOL 110

CSOL 115

CSOL 122

CSOL 130

CSOL 131

CSOL 132

CSOL 133

CSOL 135

CSOL 136

CSOL 137

CSCl 138

CSOL 139

CSOL 140

CSOL 141

CSOL 142

CSCl 145

CSCL 150

CSCL 155

,CSCL 160

CSOL 161

csci 162

CSOL 163

CSOL 165

CSOL 170

CSOL 175

CSCL 176

CSOL

CSOL

182

183

CSOL 192

CSOL 193

CSOL 194

CSOL 19 5

CSOL 196

CSCL 240

CSOL 245

CSOL 250

CSOL 255

CSOL 197

CSOL 198

CSOL 202

CSOL 203

CSOL 204

CSCL 206

CSOL 207

CSOL 208

CSCL 225

CSCL 226

CSOL 227

CSOL 230

CSOL 231

CSOL 232

CSOL 233

CSOL 235

CSOL 236

CSOL 275

CSOL 280

CSOL 285

CSOL 290

CSOL 295

OATE 74.3C4/09.I9.44
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ISN 0080 IGOCF-MXOU.IGUUFH) CSCL 300
ISN 0081 RETURN CSOL 305

ISN 0082 120 CK-CKT CSOL 310

ISN 0083 Cl-HKCHl*l^l-CKI«C2
ISN 0084 130 RFTURK CSCL 320

ISN 0085 END CSOL 325

•OPTIONS IN FFFFCT* NAME- PAIN.0PT-02.LINFCNT-55.SIZE-CCCOK,

• OPTIONS IN EFFECT* SOURCE.EBCCIC.NOL1ST. NODECK.LCAC.NCMAP,NOEDIT.NO ID.NOXREF

•STATISTICS* SOURCE S1A1EPENTS - 84 .PROGRAM SIZE - 2024

•STATISTICS* NO DIAGNOSTICS GENERATED

.••*.. tNO rF COMPILATION »••*•• 121K BYTES OF CORE NOT USED
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LEVFL 21.6 IOFC 7?) CS/360 FORTRAN H DATE 74.304/O9.2O.10

COMPILER OPTIONS - NAPE- MAIN.OPI-02,L INECNT-55,S IZE-OOOOK.
SOURCE.E8C0IC.NOL1ST.NCCECK.LCAC,NOMAP,NOEDIT.NO 10,NOXREF

SUBROUTINE NFUPG NEUP 100
NEUP 105

IF THE SUMPAKY OUTPUT UNIT IKOUT] IS THE LINE PRINTER 11 PR I. NEkP 110
EJFCT TO A NFU PAGE. IF NOT, PRINT 5 BLANK LINES. NEUP 115

NEkP 120
COMMON /8LK2/ IN. IUUT. IPR. KCUT, KPR NEUP 125
IFIKCUT.EC.IFRI GU IU 1U0 NEkP 130
URITEIKCUT.il NEUP 135

1 F0RMAII1X/1X/U/1X/1XI NEWP 140
RETURN NEkP 145

100 URI1EIKCUT.2I NEkP 150
7 F0RPA1IIH1) NEUP 155

RFTLRN NEUP 160
END NEUP 165

•OPTIONS IN FFFFCT* KAME- PAIN.UPT-02.LlNtCNT-95.SIZE-OCOOK.

• OPTIONS IN FFFFCT* SCUPCE.EBCCIC.NUL1 ST.NCOECK.LCAC.NOMAP.NOEDIT.NOIO,NOXREF

•STATISTICS* SCURCE STATEMENTS - 11 .PROGRAM SIZE - 260

•STATISTICS* NO OIAGNOSIICS GENERAIED

...... FNO CF C0MPI1ATI0N ««*••» 133R BYTES OF CORE NCT USED

ISN 0002

C

r.

c

c

ISN 0003

ISN 0004

ISN 0006

ISN 0007

ISN 0008

ISN 0009

ISN 0010

ISN 0011

ISN 0012

VFl 21.6 IDFC 721 CS/360 FORTRAN H

CDMPIIFR OPTIONS - NAME- MAIN.0PI-U2.1 INECNT-55 . S IZE-OOOOK .
SCURCE.EBCDIC.NOL1ST.NCCECK.LCAC,NOMAP,NOEDIT,NO ID,NOXREF

ISN 0002 SLRRCU1INF CCUAU'ICI. ALFA. CKI

C: „ CCUA 105
C SCIVFS IHF OUAORAIIC EuUATlCN C0lJ4 110
C; , COUA 115
0 CK**2 - I2*C1 » ALFAI.CK « Cl»*2 - C

f' „ CCUA 125
C FCR 1HE ROOI CK UHICH IS LESS THAN Cl/KK. CCUA 130

ISN 0003 IMPUCIT REAl*8 IA-H.U-Z)
ISN 0004 RFAl«8 KK
ISN 0005 T=C1/KK

ISN 0006 CK=C1**2/IC1».5»ALFA*Il.tUSCRT 14.*C 1/ALFAtl.)))
ISN 0007 RF7LRN
ISN 0008 END

COUA 140

COUA 145

CCUA 155

CCUA 160

DAIE 74.3C4/09.20.25

•OPTIONS IN FFFFCT* KAME- MA IN.GPI-02.LINfcCNT-55.SIZE-CCCOK.

• OPTIONS IN FFFFCT* SCLPCE.EBCCIC.NOLIST.NCCECK.LCAC.NOMAP.NOEOIT.NO 10.NOXREF

•STATISTICS* SOLRCE STATEMENTS - 7 .PKOGRAP SIZE • 444

♦STATISTICS* NO OIAGNOSIICS GENEFATtU

...... FNO CF OOMPIIATION ...... 133K evTES cf CQRE Ne| usfD

IFVFI 21.6 (I)FC 721 CS/360 FORIRAN H OATF 74.304/09.20.38

CUMPIIFR OPTIONS- NAME- MAIN,0PI-U2.L INECNT-55.SIZE-OOOOK,
SCURCE.F8CUIC.NUL1ST.NCCLCK.LCAC,NOMAP.NOEDIT.NO IC.NOXREF

ISN 0007 SU8PCUTINE MATCH INANE. NTAB. NN. NMATI
C

C SEARCHES TFF ARRAY NTAB UITF NN ITEMS FOR THE FIRST
0 CCCLPRFNCE UF NAMt. IF NAME IS NCT FOUND IN NTAB, NMAT
0

C

IS RFTUFNEC UlIH THE VALUE ZERO.

ISN 0C03 DIMENSION KTAP 110)
ISN 0004 NMAT - 0

ISN 0005 DC 100 N-l.NN

ISN 0006 IF 1ICCMPAINAME. NTABINI, 41 .NE. C) GO TO 100
ISN 0008 NMAT - N

ISN 0009 RFTURK

ISN 0010 ICO CONTINUF

ISN 0011 RFTLRN

ISN 0012 FNO

• OPTIONS IN FFFFCT* NAME- MA IN.OPT-02,LINECNT-55.S IZE-OCOOK,

•OPTIONS IN FFFFCT* SOURCE.FBCCIC.NOLIST.NLDECK.LOAC.NCMAP.NOEDIT.NO ID,NOXREF

"STATISTICS* SOURCF SIAIFPEMS » 11 .PROGRAM SIZE = 398

•STATISTICS* Nn DIAGNOSIICS GENERATFO

...... FNO CF COMPILATION «••••• U3K BYTES OF CORE NOT USED

STATISTICS* Nil OIAGNOSIICS THIS SIEP
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