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I. Introduction

This reports those changes to the hydrogen epithermal library
(1 2)

In HAMMER, and those changes to the HAttfER program ' ' Itself, which are

required to incorporate the effects of the chemical binding and thermal

motion of the protons in water on the epithermal neutron flux and reaction

rates. The changes to the hydrogen epithermal library required are changes

to the slowing-down power §as, the Greuling-Goertzel parameter Y, and the

P-l component of the scattering cross-section - S l. These changes are based

on the kernel developed by Cady, Kirouac and Mclnerney.

The changes to the HAMMER program which are required consist of changes

to the program to ensure that the slowlng-down power §CT8 and the Greuling-

Goertzel parameter Y for hydrogen are used In all of the subroutines

(HAMMER at present assumes in certain of its subroutines that the hydrogen

slowing-down power 5^s I
s equal to the P-0 component of the scattering

cross-section <7go, and that the parameter Y for hydrogen is equal to unity).

In addition, changes are required to modify the Dancoff factor used in the

Pu-240 1 eV resonance treatment and the cosine current calculation of the

lattice escape probabilities used -n the resonance absorption calculation.

These changes are along the lines discussed in references 7 and 8.

Another approach to obtaining cross-sections for hydrogen which ac-

count for epithermal chemical binding effects is to obtain values of |as

by multigroup so as to reproduce the Corngold asymptotic expansion fluxes

exactly for plain water, and to leave the value of the Greuling-Goertzel

parameter Y equal to unity. This is the approach used by J. Hardy, Jr. ^

as suggested by E. M. G*;lbard. However, by also varying Y (as Is done in

the method presented here), one would hope to get better accuracy in cases

of heavy absorption. Moreover, this is more consistent with the changes

made in the resonance absorption treatment for the Pu-240 1 eV resonance.

*Research carried out at Brookhaven National Laboratory under contract with
the U. S. Atomic Energy Commission.
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The changes to the HAWfER hydrogen epithermal library will first be

presented, and a comparison of fluxes as calculated with these hydrogen

cross-sections and parameters to fluxes as calculated by the Corngold
(4 5)

asymptotic expansion ' will be presented. This comparison acts as a

check on the correctness of the hydrogen cross-aections and parameters

obtained. (The comparisons do not check asl.)

II. The Changes to the HAMMER Epithermal Library

The formulae used for the values of f-i and y for hydrogen are derived
s

in reference 8. These formulae are:
\2

and

Y(E) » 1 - J^jr (2)

Here o is the asymptotic value of the hydrogen scattering cross-section,

and was taken as 20.4 barns in the computations; E is the neutron energy

and T* is the effective temperature associated with the short collision time
(9)

approximation . The value of T* used in the computations corresponds to

a moderator temperature of 500°F (= 533 K) in a Nelkin kernel model.

The value of T* obtained is 1453°K. One should note that the values of the

hydrogen epithermal library parameters are therefore dependent on the water

temperature, and that the calculated parameters correspond to a water temp-

erature of 500°F. The temperature dependence of the parameters is rather

weak, however, since T* depends rather weakly on T. (At room temperature

T* is 1360°K, while at 533°K, T* is 1453°K.)

The value of ^sl (E) is the same as in an effective temperature kernel

model, and is given by

This formula was taken from the Cady, Kirouac and Mclnerney article.
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The value of 0_«(E) is also the same as that for an effective temp-
SO

erature kernel and the formula for ~ B O(E),

is also taken from reference 3.

Group averages of the various parameters were obtained by taking the

arithmetic average of the quantity at the upper and lower energies bounding

the multigroup. For example,

where E> and E*+1 are the energies bounding the jth multigroup.

The chemical binding effects were included for energies up to and in-

cluding group 36; for energies greater than the upper cutpoint of this group,

chemical binding effects were neglected and the values of the parameters

used In the previous library for hydrogen were used.

The hydrogen cross-sections obtained art- given in Table I. The isotope

identity number is 2001001, and the cross-sections are on tape N35838. Note

ti.at the cross-sections in Table I are not in the same format as a printout

of die HAMMER epithernval library -- some columns have been omitted and others

have been rearranged. The column labelled "age number" is what we have de-

noted by Y- The omitted parameters (inelastic scattering, fission cross-

section, neutrons per fission) are all zero for hydrogen.

III. Verification of the Hydrogen Cross-Section Changes

In order to verify the cross-section changes made, the neutron fluxes

in a medium composed of plain water (with oxygen scattering effects neglected)

were computed by means of the Corngold asymptotic expansion and compared to

the fluxes obtained by running a HAMMER problem using the new hydrogen li-

brary. In addition, water poisoned with a — absorber was considered. Five

terms in the Corngold asymptotic expansion were used. It turns out that

to this order the expansion is identical to an expansion derived in a much

simpler fashion by Parks (see also pages 103 ff of reference 5). The



TABLE I. Hydrogen cross-sections including binding effects.
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expansion, to the order given, may be written In the form

- I - ~ • •%* ——sr"—
(5)

JV -
*~ ' (6>

and the effective temperature is given by

Here f(i2i) is the phonon frequency spectrum; for the Nclfctn model It Is

given by

- £ -k
<»i " ' (7)

where

Aj - 18 ^J\ * 0

bi = 2.32 jfi» » .06 eV f g .

AQ - 5.84 4-^ - .205 eV

A « •= 2.92 •/•*, • .481 eV

It i s assumed that the absorption cross - sec t ion has a — energy depend-

ence; the quantity I i s the asymptotic macroscopic scat ter ing croas-sect lon

of hydrogen (« 20.4 Jf , where K i s the atom density of hydrogen). The

quantity Bav i s confuted to be

B a v
2 - .087981,

in a Nelkin model.

Computations of E$(E) from Eq. (5) wi-re first performed corresponding

to room temperature water; these were con^arcd to computations done by

J. Hardy and reported in reference 6 (a larger version of Figure 1 of
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reference 6 was obtained directly from J. Hardy.) The purpose of this

comparison was to verify our use of the Corngold asymptotic expansion.

J. Hardy, Jr. used seven terms In the expansion, while we used five terns.

Agreement within .TU wan obtained. Calculations for both a plain water

case and water poisoned such that the absorption cross-section (Including

the hydrogen absorption) was 6 barns per hydrogen atom at .0253 eV were

performed.

Calculations of epithermal fluxes by the Corngold asymptotic expansion

were then performed at reactor operating temperature (more precisely,

;\00°F • 533°K). The calculations were for plain water and for water poisoned

with a — absorber such that the poison absorption cross-section per hydrogen

atom was 6 barns at .0253 eV. The results are compared to similar cases at

room temperature in Figure 1. The effects of moderator temperature on the

epi. thermal flux Is seen to be fairly small.

Comparison of epithermal fluxes as calculated by the Corngold asymptotic

expansion, and by the HAMMER program with the new hydrogen library repre-

senting hydrogen bound in water, are presented In Figure 2. The same figure

shows the fluxes as calculated with the old hydrogen library which corre-

sponds to a free proton at rest model. These comparisons are for the case

of plain water; Figure 3 gives a similar comparison for the case of water

poisoned with a - absorber, with the poison absorption being 6 barns per

hydrogen atom at .0253 eV. The fluxes calculated using the new HAMMER

hydrogen cross-section set agree rather well with the Corngold expansion

fluxes, and represent a considerable improvement over those calculated with

the old HAMMER hydrogen cross-section set.

IV. The Changes to the HAMMER Program

In addition to the changes to the HAMMER epithermal library, it is

necessary to make changes to the HAMMER program In order that chemical bind-

ing effects be taken Into account properly.

The first of these changes is in the subroutine S0RE to ensure that the

library values of 5s and v for hydrogen are used in the heterogeneous part
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of the slowing-down calculation. Originally, HAMMER treated the slowing-

down density due to hydrogen everywhere by the equation

where q^ Is the slowing-down density due to hydrogen, T.b^ is the scattering

cross-section due t? hydrogen, and $ is the flux per unit lethargy. (See

reference 2 for a good description of the HAMMER code from the viewpoint of

the physical approximations and numerical techniques used.)

HAMMER was later modified so that In that part of the above-thermal

calculation where the homogeneous slowing-down calculation Is done the

slowing-down density due to hydrogen is treated by

The homogeneous slowing-down calculation is done in subroutine SLODON.

However, the S0RE subroutine was left unmodified.

The primary reason that the changes in the subroutine S0RE are Important

is that the regionwise multigroup fluxes and slowing-down densities calcu-

lated in the heterogeneous part of the calculation are used In the calculation

of the resonance absorption probability. In particular (see Eq. (73) of

reference 2), the resonance absorption probability for a resonance with

resonance integral I is given by

A - 1 - exp t-(NoI*oVo>/£ qniVn}

where qn^ is the slowing-down density In the nth region at the lower energy

limit of the i.th multigroup (before the ith multigroup resonance absorption

depletes the slowing-down density), and is due to all isotopes, both hydro-

gen and heavy eleioents. The quantity $QV is the Integral of the ith

multigroup flux over the regions containing the resonance isotope, and N

is the number density of the resonance absorber averaged over these regions.

Consequently, the resonance absorption probability is affected directly by

the slowing-down densities and fluxes entering into the heterogeneous part

of the above-thermal HAMMER calculation.
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In addition to the changes in the S0RE subroutine, changes roust be

made to the Dancoff factor calculation and the calculation of the collision

probability calculations used in the resonance integral calculation for the

Pu-240 1 eV resonance. In point of fact, the changes are made for all

resonances which occur in nultigroups 53 and 54. They are made only on

option in the program. The option is used whenever the 30th element on

the batch control card is a 1. (This sets a flag ICADY equal to unity In

the program.)

Before discussing these changes in detail, it should be pointed out

that the older version of HAMMER did not recalculate the Dancoff factor in

each mulcigroup, but rather used the Dancoff factor calculated in a given

rail togroup in all succeeding multlgroups. Thus the Dancoff factor, if it

was calculated at all, was calculated only once per problem. Whether or

not the collision probabilities used in the resonance Integral calculation

are obtalneJ from a formula using a Dancoff factor or whether they are

calculated by the method of cosine currents depends on whether the flux

across the lattice cell Is sufficiently flat (see reference 2 here). If

the flux is sufficiently flat, then a parameter KEY is set equal to unity,

and the Dancoff factor method is used when the resonance absorber is In the

fuel pellet. However, once the parameter KEY is set equal to unity It la

not reset in any succeeding multigroup, and moreover the collision proba-

bility table is not recalculated in the succeeding multigroup. This had

to be changed in order to modify the resonance integral calculation for the

Pu-240 1 eV resonance so that proton chemical binding effects could be taken

into account. Changes were therefore made to the subroutine FLUX so that

the Dancoff factor would be recalculated in each multigroup.

In accordance with the method described in references 7 and 8, the

modifications to th° Dancoff factor are made by computing the "optical

thickness" L&r of each region external to the fuel pellet stack with

where the value of ? H - S H and vH are the values appropriate

to hydrogen for that group; hereftr is the difference between the outer and

inner radii for the particular region, and 5" is the absorption cross-section
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for the given region. The change is made only if there is a 1 in column

30 of the batch control card in the input to HAJMER. Under these circum-

stances, it affects all resonances in multigroups 53 and 54. This change

occurs in the subroutine DANC. The change implicitly assumes that the

resonances in question are wide with respect to scattering from all iso-

topes except hydrogen.

As mentioned earlier, if the fliuc is not sufficiency flat across the

lattice cell the Dancoff factor is not used to calculate the table of

collision probabilities used in the resonance integral calculation. In-

stead a method of cosine currents is used. Here the collision probability

calculation was modified by using -yfi. H/Yj] as the cross-section in each

region (except in the region containing the resonance absorber) vrtiere pre-

viously the quantity T.s, the scattering cross-section of all materials,

appeared. This change occurs in the subroutine PTBL.

The appendix gives, along with some comments, a Fortran listing of

the subroutines which have been changed. This is a preliminary version

of the program.

In an early version of the program there were certain indications of

errors in the resonance integral calculation performed for the Pu-240 1 eV

resonance. These errors could have been associated with the coarseness of

the energy mesh used in the numerical calculation of the resonance integral,

or possibly some sort of numerical instability (see reference 12). Later

work indicated that the numerical instability problem is not serious, and

that the use of a finer mesh in the resonance integral calculation was

sufficient. The changes to the subroutine GRID which are required to permit

a finer mesh in the resonance integral calculation are included in the

appendix.

Concerning limitations on the use of the new program and the new hydro-

gen library, one should probably use the new library at all times; the use

of the ICADY = 1 option (activated by putting a 1 in column 30 of the batch

control card) should bo used only if the principal moderator is hydrogen.



APPENDIX I

This appendix gives a Fortran listing of those subroutines which

have been changed, with some explanatory comments. The new cards added

to the source are readily identifiable since they are labelled with the

identification "HAMMER". The deleted cards are not shown, however.

The changes to the subroutine RTBLIB consist in:

(1) Setting the flag ICADY by equating it to ICNTRL (158), which

(see LINK 1 of the HAMMER program) is equal to the item in

column 30 of the batch control card.

(2) Computing the parameter "• s.!?. for each mixture. For the Mth

mixture this variable is called CDYC(M). If, in any mixture M,

the hydrogen concentration is so low that the value of

" YH^HcsH i s * e s s t*lan .0001, CDYC(M) is set equal to zero.

(3) A labelled common block CADY is used to transmit CDYC(M) and

ICADY to other subroutines where t*iey are required.

The changes to the subroutine StfRE consist in:

(1) The computation of V for hydrogen from the ratio of (Nvfos)H

to (N?GS)H.

(2) The kernel P ,. (see eq. (44) of reference 2) is modified to
n i

use the library value of v and §1 for hydrogen. This kernel
s

expresses the effect of in-group scattering in the equation

determining the fluxes in the various regions of the cell.

It is denoted by GRP(N) in the program.

(3) The slowlng-down density due to hydrogen (called ETA(N) in the

program) is computed with v and §TS for hydrogen used where

unity and 5"s were used previously. The equation is now com-

pletely analogous to the equation for Q(N), the nonhydrogenous

slowing-down density.



(4) The source term (S^^ of eq. (48) of reference 2) is .nodifled

also to use the y and %Zg for hydrogen. This term Is denoted

by S0R(N) In the program.

The source S ., and the kernel P ,. discussed above occur inn 1 n i
eq. (40) of reference 2,

*ni = fi- Tnn'i<Pn'lVi + Vi>

where n and n1 are region indices and I is a group index. This

equation determines the reglonwlse fluxes.

A change to the subroutine FLUX is imde so that the flat flux flag

KEY is initialized to zero in each group and 1.-. reset to 1 only if the flat

flux criterion is met. Certain indices MD0NE(I) are reset to zero in each

group. This ensures that the collision probability tables will be recalcu-

lated in each group.

Changes to PTBL are made. They consist of

(1) Defining IGCDY as IG, the group Index. This index is transmitted

to DANC through the labelled common block CADY.

(2) The cross-section XT(N) used in regions not containing the resonance

absorber for the collision probability calculation when the method

of cosine currents is used is set equal to CDYC(M) instead of the

scattering cross-section for groups 53 and 54 if ICADY • 1.

Changes to DANC are made, to the calculation of the moderator optical

thickness SL, for groups 53 and 54,if ICADY » 1. In such cases the optical

thickness SL is computed with CDYC{M) instead of the scattering cross-section

SSC(M).

Changes to subroutine GRID have been made so that more than 501 mesh

points (in lethargy) can be used per resonance. The mesh for all resonances

in tnultigroup 53 is changed to half that used in other multigroups. These

changes reduce the mesh error in the treatment of the 1 eV resonance of

Pu-240 to an acceptable level (about ].%),
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4 { G R A S F ( 5 3 1 ) i C M ( t ) ) e ( E R A S E { 6 0 1 > , C P 2 ( l ) > » ( E R A S E ( 6 2 l > . C N 2 ( l ) ) #
5 E A 6 4 E * E < 4 r 6 A E 4 6 r

7 ( E A : ( 4 6 1 ) i T 0 ( l ) ) . E A E 4 l , l ( l )
E(3UlV*LEMCE ( F X ( 1) ,F | sD ( 1 ) ) , ( CT ( 1 ) ,CO\C T A ( i ) ) ,
COMMON NLIB

F(.UX
9999 C°rJj>j'^E F U X

J F ( l G . l ) 5 , 1 , 5
1 JTKX=O

U
J FLUX
E P S = I . E - 3 FLUX
CO 3 M 5 1 . N X F ( , U X

3 FKN'JsSCMN) FLUX
GO To 2p FL U *

5 DO 6 Nirj.SX FLUX
6 F l t M i - F ( N » I G ' l » F L U X

20 RNCR.M = O,0 FLUX
DO 30 \ = 1 , M X FLUX

30 R'JO^" F

DO 40 \ = 1 , N X FLUX
F F FLUX

- 0
45 RNORyrO.O FLUX

CO 53 N=1,NX FLUX
F 2 < M ) s 0 , 0 v

 FLUX
DO 50 M = l i N x F L U X

DUMMYsHLMfY FLUX
50 f ? t ^ } = F 5 ( N ) * T ( N . M ) * S 2 ( M >
53 RN0Rf=SN0fiM*Ql(N)«F2{N)

R R x f i R R

DO 55 \ s l , N X FLUX
55 F2(N)sF^(^).R^oR^^ FLUX

DO 60 S n ' . N * FLU x

DUM"YsCLMyY FLUX



V
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(Ft (N)
-0 C O N T I \ U E t

GO To 90 FL U X

70 DO 80 N=1,NX FLUX

i ) 2 < > L
so CONTINUE FLUX

I T C N T S P C » < T * 1 FLUX
1 F < 1 T C \ T » ! T M A X > 4 5 , 9 0 , 9 0 FLUX

'O I F < I T C \ T - ! T M X > 9 2 J 9 2 , 9 l FLUX
9 1 | T H X = J T C N T F t U X

I G U J G FLUX
9 ? l F ( A B S ( R N C R M » i , ) . A B S { » M X - l , ) } » 4 i 9 4 , 9 3 FLUX
93 RMX=RNCSM f L U X

94 CONTINUE FLUX
rOlOO- js l .NX FLUX

i o a / { N , I G ) = F 2 ( N ) F L U X

1 0 5 J F ( N X . l ) I 2 5 , l 2 5 . u o FLUX
1 1 0 DO1?QN=5,NX FLUX

S ^
120 CONTINUE FLUX

125 KEY = 1 FLUX
130 DOHOjsl, ISOx FLUX

SIGEFY{!)=O.
 FIUX

14c MD0N£<p=6 FL^X
HCURH=Q FLUX
NDONE=O FLUX
REwiNDNSd FLUX

150 1 F < 5 4 « J G ) 1 5 2 , 1 5 1 , 1 5 2 HUX
i5j W R I T E ( \ T O I . T , I 6 O ) I T M X ' 1 I G I . R M X , Ian F L U X
160 F0RMAT(59h(jMAXjHUH JTERATJONi- ON THE F L U X SfcAPE IN k^ ^ACRO GROU F L U X

IP = I5#6H GROUP 12/39* MAXtfu" REKORMAL12 ATtON IN ANy GROUP s FLUX
lF9t5,6h GSOUP 12)

 FIUX
152 RETURN PLUX

END FLUX
J (^^
S I G N E D O V E R T H E L - O P QEOINNlNl* AT L I N E 9 2
S I G N E D O V E R T H E L.COP B E G I N N I N G AT L l V 95
S I G N E D O V E R THE L C O P B E G I N N I N G A T L I N E 1 0 2
S I G N E D O V E R T H E L C O P B E G I N N I N G AT LlN- 1 0 7



JUTINF STfeLl3 CDC 6600 FTfo V 3 , 0 « P 2 6 1 l)PT«2

I] JNfc HTPLlbC !••) RTHLI
RTHLI
RTBLI

C W U ' l CNTRL RTBLI
fcSUlVALfcMCt RTBLI

(CNTRLt J)»NflOG>, RTBLI
It NTlN),(CNTRL{14)#MTt)UT), RTBLI

15),NTPUN»;IC«ITRLfl6),NCHASN),(CNTRL( 17) ,L181)» RTHLI
3(CNTKH 1 8 ) , LIB2>;(CUTRL< 19*J L1B3),(CNTKL< 2 O ) , ! V T 1 ) , RT»Ll
«(rNTKL( 2 1 ) , 1NT2I,(CUTRLC 224J NSd),<CNTRLI 23>,LNK<1)>,

3 3 ) , N T M C S ) ' , ( C N T R L < 34»#N£PCS)*fCNTRL( 35),
'<CNTRL(129>,
i (CNTRL(142>#NTH°T>, RTBLI

«(nNTHLU45>,NTMPN»ilC«lTRL«l53i|MEPRN), ( CNTRL (154 ) .NEP'T ) , RTBLI
RTBLI
RTPLI

RTHLI

RTW I

RTHLI
RTBLI

fcTJJVALhNCc R7«L!
2J< N X ) . ( L ] M P ( 3 ) , M X ) , R T H L :

J S O X E ) , R T H L :
7)

21)

9 ) . NBCT)

4 1 } , THT(1) ) , (L1MP( 6 1 ) , MXASU))

RTHL
RTHL
RTHL

I, RAD(ll), RTBL
V0L<l>>,(LIMP(447), M T B L I D ) , RTHL

REGV<n»«<L!MP(4B7J, f ]SU< 1 > ) , {I I HP(507), HDL ID|1» 1) > RTHL
RTPL
RTHL

LOUT RTHL
I D ) , U 0 U T ( 2 ) , H 0 L A { 1 ) > , KTBL
37l)»F01L(l,l ,'. ) ), RTHL

?<L0-'T<7/i),F0GA<l,l>).aQUT(795),FQX(l,l>># (LOUT ( B75 ), DUMB 11)), RTBL
RTBL
RTBL

SSC(10)fSU10)»Sir,AHS(10),SIu!NfiO),SIGX(lo>;C(lU), RTHL
WTPL

),SPIN<200 ) r RTHL
)/ RTbL

•>fcTA(2r)),a<20),FS(»4>,F'x(20!,UEl.<54),F (20,54 ), MQONF (1 8 > JP (10,54 ) , RTHL
5HT(1B,>4),PZ(iooi), p21(1001),Al{ib),EBK(55)»TEMP(16), SIGEFV(18j, RTHL
6CT(18flU) RTHL

'"Jv JX,SIGV,3NJ,SI3A,PiPF,'rilJEL,FS,SSC,Sl,SI3A9S.S!GlN,S!GX1 WTRL
RTHL
RTHL



INF RTfcLl" CUC 6600

U| ' ) tMSlUN
3
2 ( 2 0 } » 0 O i 2 0 > » T O < 2 O > , T 1 ( 2 0 )

?(ERASE(461),Vl(l>),(ERASEMBmV2(l>),(ER4SE(901)»V3m>«

0 ( E R A ! > E ( 4 B i ) , S ? U ) ) ' , ( E R A S E ( & 0 1 » i U H j ) ) , ( E R A S E ( 4 8 H i Q O ( l ) >#
7 ( E K A 5 E ( 4 6 1 ) . T P ( i ) ) , ( E R A S E ( 4 4 1 4 | T K j ) )

fcTUiVALtNCE ( r x ( l > | F ] S D ( l « ) i ( d ( l ) , C O N c T A ( l ) ) , ( L 2 8 2 » N L l B 2 l

. I o
I T>

THF UX,

AHSS|G(
6TUIVALtNCE
t S b S l G U ) . A B S S J S ( l ) ) , tSGSICi(l<J) »
COMMOM/CADY/CDYC(10»#H«CUr, ICAUv

UJHENSJUN ICNTHL<20">
fclUlVALbNCE

(SGSIG(37)»GNUS|G(l))

1 1 1 1
W R I T E J N T O J T . 1 1 1 1 ) ICADY

1 ) * U .
DO b l « l , 3 0

6 AMHtD'O.U

HEAU(UB2)lFL,»nx,NlN«NR » {DAT A ( I ) , I « 1 , IF L )
13

?n u T i i o i » i . i s i
irj-JUX;NE.wSTPA(J > I G9 TO 110

30 i l b T l i;iG)xLUTA.".>)

F I S S l S f 1
CiJUSJ Q( 1

( I , l b

. ( I

i S J G Y t l . l G )
s C i N u ( l . | r > )
: S l G A ( l , I ( i )

: C A T A ( 7 )

RTBLI8
RTHLIB

RTBL1B
RTHLIB

RTHLIB
RTBLIB
RTHLIB
RTBLIB
RTBLIti
RTHLIB
RTHLIB

RTHLIB
RTHLIB

RTHLIB
RTBLIB
HAMMER
HAMMER
HAMMER
HAMMER
HAMMER
HAMMER

RTHLIB
RTHLIB

RTBLIB

RTHLIS
RTHLIB
RTBLIB
RTBLIB

RTHLIE
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BO TO Si

fc<?(NU«UAT*<l.OC>

35

36

33
34 AMASS(J)*DATA(J>

S!&
UO1
i r ( , 1 0

40 b S C < M ) « S S C ( M ) » U A T * ( ? > » C T (

s AHOD{WDX»1000t' t >
. ) 3Q TO 60

A Jrt(M}«AMH(M)#u*T*(6)»pATA(9)cCT(l,M>
9( I

60 A J( ' ' ) iAN(M)*CATA<4f»I)ATA(9)»CTn#M)

70 5>1 C*) -

9D

U

130

I*.'- IF USUX-ISOXF-Jf 0g'.U>l50,l5>Q.l''l
SIO?JT«3OI»

CALL «iKirectsr»siti«kfccs,«;4!

RTHLH

u
RTBJ.ll

RTHLlI
RTBLlI
RTBLH
RTHUll
RTBLI)
RTPJ.II
RTPJ.I,
RTHLH
RTMU!
RTBJ.I
RTHJ.I
RTBLI
RTBJ.!
RTHLI
RTBL!
RTBLI
RTBLI
RTHLI
RTHLI

LI
RTHLI
RTHLI

RTBLI
RTRLI
RTBLI
RTt«LI

L
RTHLI

HAMMI



ROUTINE RT6U1" C D C 6* 0 9 F T*

]<(BJTb(N!OUI,lU?)
1112 fOW"*

f;;MA

t j.



\c SORE CUC 6600 FTN V3.0-P261 CPT»2 08/27/74 1

IN- SO»tlir,]

D I M E N 5 I C N C K'iTSL(200),BTTL<9>,L^ 1 <(lC)
COMMON CNTRL
EQUIVALENCE

i inarH). (rNT^Lt 2>.f^C*SE>i
1 3 ) , N T I M .

5C«E

3(CNTRL( i e ) , LIB2),
4< CNTRL( 2 1 ) , 1NT2>.<CNT«L( 2 2 ) , NSCl), (CI^TRL ( 23),LNK<1)),
5<CNTR L( 33),N THCS).< CN

T WL < 34>#NEPC S i• lCN T RL< 35>#KLlBi>#
6(CNTRL< 3«),KLJB2)»(C^T«L< 37),«L163>,(CNTRL(12V)iNCpRN>i

E
SOHt
SORE

QE
50HE

SORE
E

N
< C N T f i L C i e f ) i N f D N U j
DIMENSION L I M P ( 6 0 0 ) , H O L ( 9 ) , N P T ( ? 0 ) , T H T ( 2 0 ) . H X A S ( 2 0 ) ,
ILH I ( 3 J , N R q P ( 2 0 ) . D F G ^ ( 2 f ) ) < W S T B ' l < l S ) l w S T e 8 ( l 8 ) ,

i e 1 0 ) L I H t < l > H I N < 2 0 > « A C ( 2 0 ) R O u M 2 0 )

SOHE

I°HEiO HE
SORE

1(L1M F( 1 )
2 ( L I M P ( 4 )
3 ( L I M P ( 7 )
4 ( L ! M P ( 1 0 )
5 ( L I M P ( 2 1 )
6<t,IMP< Ci>
7 < L I M P ( 1 4 D
8 5 7

9 < L ! M P U 0 7 )
A(LIMP(467)
DIMENSION

I D E N T ) , ( L l 1 f (

6)

NPT(l)
J L H K l )

WSTBA<1)
LlMT(l)

)'. (LlMF(

NX),(L1MP< 3 ) .
SOx>,(L!MP( «)', ISCxE)
iBtl.lL

<L. „ .
• , MXASCIM

SORE
SORE
SO«E
SOHE
S0RE

OE
SORE
S0RE

T ( l ) ) , ( L l P i 7 ) ,
R l N ( l ) ) » ( L ! M P ( 3 8 7 ) ,
V C L < 1 ) ) , ( L I M P < 4 4 7 ) ' , L ,

F I S U ( l ) ) , ( L l M P ( 5 0 7 > ' . H 0 L l D ( l i l ) )

1)),

COMMON ERASE
DIMENSION S S c < 1 0 ) . S l ( i O ) i S l G A c S ( i n ) , S l G l N ( 1 0 ) , S l G X ( l ' J ) , c ( 1 0 ) ,A U ( l 0 > s D U 0 ) P « B < ? 5 > s ! k Y < l P 5 J ) G N U < 8 5 4 > S i r A ( e 5 4 )

N LOUT
EQUIVALENCE ( „„-. - . ...,.„„-.

1 (LOUT (11 ),BAuT( 1,1,1)), (LCuT(37l),FclL(l,l,D),
2(LOUT(77i),F0r,X(lji))((LOi-T(795)1F0

)((l#l)>. (L0UT(875),
3(LOUT(855),OTGC(l)),(LO"T<930),rTGA(l))

O
SORE
SORE
SORE
SOHE
SORE
SORE
O

SOHE
OE

SORE

S0N&

SORE

2 u ) , Q ( 20
8 , 5 4 ) " l p ,

6 C T ( 1 8 , 1 0 )
COMMON J x # s i G Y , G \ u , s j G A , p , p F , F , r t L , f S , S S C , S I , S I G A 9 S , S I G ! N , S ! G X ,

lC # AN,SD,P p Of5 ,NRlG ' , ER.OM^iCMnM, G^F, S P I N , AMASS, S J G P . J O N E , J T
2 S M U l n l

SO«E
E



INE SOU? CDC -i600 V3.0-P261 CPT»2

,\30NE
M^r.NSIC

0).CP1*0),CN(20),CP2(20),CN2(20),y(21),
2(20),S2(20)-, tJl(20),(jC(20),TO(20),Tl(2Q)
\CE (!IRASr(i),Di.TA(i>lD

z(l>#lif'(J<l'),
. ..T(l)),(ERASE{44li,xT(l)>,
48 1 ) #

08/27/74

SORE
i SORE

SQRE

> I Y < 1 )
6 < F * A S F : < 4 9 1 > . S 2 < 1
7< FRASE(461

D1MF.NSJCN

IX fl=fl»FX(N)«VOL(N)
IF(A) 12,12,14

12 i=0.
DOl;5\ = l ,NX

13 4 = A > V P L ( N )
DO ie»: = l,*X

18 Fx(M)sl./*
GOTC16

14 noi3\=i|\x

15 fxtN) =Fx(N)/A

16

100

iF(SD(i»))iou,ior,ioo
AMiUf ) sO ,0
GO Tc 402
A!JO( y ) !AN(M)/iD(M)

4 (I 1 A V ( ? h ( M ) ; 0 > Q
f.O TQ i c 2

10 2 C 1 C J ) = C ( M »
s^m (") = sr 1-1•
S11 ( y ) = e D ( M )

"C (i-V ( \ J = »2.« ct
1 •r •! •: ( 1 ) / 2 , !
L ° 1 P 1 1 N s l» \
r s L " (v. > s 0,0

!0t I E*.'.-«\) s o.O

L'-*(^S

1 . H J

EQUIVALENCE ( F X ( D , F | S D ( X )
C O M M C N NL1B

(l'))iSCH<l1|>,SlH{l0)
i,AMBH(ln>(

A M E <
I". 3)

DI^ENSJCN FSlJ"(?O).Er
IF( 1G-1J1S10.30

10 A = 0 ,
UOllNsl.NX

6 0 1 > , C P 2 ( 1 ) ) . < E R A S E ( 6 2 I ) ' . C N 2 ( 1 ) ) I
fld))i( ER ASE(46 1 ) jF 2( 1)),
,CI{I>>.CERASF.<481)IQ0(1)>»

4 4 D . T K 1 ) )

S0RE

SORE
SORE
S0RE

SORE

SORE
SORE
SORE
SORE
5C«E

S0RE

SCRE

SORE
SORE
SQRE

SORE
SORE

SORE
SORE

SORE
SORE
SQRE

SORE
SORE

SORE
SORE
SOHE

SORE

HAMPER
HAMPER

SORE
HAMP.ER
SgRg

>Dl Ltl>)*SHC(M)«Sl(f4).SD(H)/<AfB(K) HANKER

SORE
SORE
SORE



SORE

30

CDC 6600 V 3 . O « P 2 < 1 CPT=2

l * 2 , * C E L U G - l ) * S I ) h l ( M ) * F J N i 1 G» 1 ) / < 2 . • APdH ( M ) * £ E L < ! G - 1 > >
O ( N > = E S C * C ( N ) « ( ? , « A M f l ( M > - C E L < I G - l ) ) / < 2 . * A M B ( K > * D E U { J G - l > >

S I
I F < I G . E C . 5 5 ) GO TO

22
201 AM(M)sO.O

GO TC 302
200 AM(M) = AM!"
302 CONTINUE

lF(SDH(f))
301 AMH(f.t = 0,8

GO TC 2Q2

202
1DEL(IGJ/2,)
S O H ( N ) = E T A ( N ) '

1*FS( IG)«F>(NJ

JF( IG.LT , 11 > GO TO l()01
IF( IG.GT.25) GO TO loO2
DO 1003 N=liNX

T

DO 1004 JslilO
ENNP(N) = EMNP(N) • pRoB( v,M)»F(N
I F U G . N E . U ) GO TO loO4
FSUM(N) = FSUM(N) « r«NiJ>*Cfcl(w>

iOO'4 CONTINUE
ITC 1G.NE ,il) GO TO 1003
RXREM(N,1I = ( Q « N U E T * (

1003 CONTINUE
GO T 0 1001

1002 IF(IG.GT,S6) GO TO 1005
Do lOO 6 N=1|NX

1006 RX«EM(N,1) e » X R E ^ { *•. 1)
DO 1012 N=1.NX
fSUM(N} = OiO
DO 1 0 C 7 J = l l , 2 ' 3

1 0 0 7 F S U M ( N > s F S U M ( » j ) <> f ( N i J > »Ct I ( v >
1 0 1 2 R X R E N U . 2 S = ( O t N ) « E T A { N ) ) / F J , L M ( N )
1 0 0 5 1 F C J G . E C 5 5 ) GO To l ( ) 0 8

GO TO l O O t
1008 DO 1009 N=1.NX

FSUM(N) = 0.0
DO 1010 J=26,54

1010 FSUH(N) = FSljH(Nj » r'Ni J)*DEL(«')
1009 R£KE^(N,3) z

G° TC 80
1001 CONTINUE

D O 0

J) (J)

< K, J

C1<M)=C(M)

ty

SORE
50RE

SOHE
S0RE
SCRE
SOHE
S0RE

SORE
HAMPER

HAMKER

HAHHER
R

HAMMER
SO«E
S0RE
SOHE
SOHE
S0RE
SORE
SORE
S«
SOHE
SORE
SR
SOHE
SOHE
S0RE
SORE
SORE
SORE
SOHE

SORE
SOHE
SORE
SOHE
50RE

SOME
SORE
S0HE
SOHE
SO«E
SOHE
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-25)60.60,
50

60

30 RETURN
END

: S M A D E B Y T H E O P T I M I Z E R
M R I A N T R U S T REMCVED FflOM T H E LOCP S T A R T I N G AT L U E

ION
:!GNEO OVER TME LCOP R E G I M N I N G AT LINE 77
SIGNED OVER THE LCOP S E G J N N I M G *T LINE 81
:1GNE" °VER THE LCOP REGlNNluG AT LINE 86

8<>



PTEL CDC 6600 V 3 , 0 « ! > 2 6 1 yPT«2 1 1 / 2 0 / 7 4 U

CPTKL
P T H J .

ANALYSIS PH0G«A'*«««»»»«»»»t *H»KtET P T H L

D I MEMS I ON C N T R L < 2 0 0 > » > T T L < 9 ) # L N K < 1 0 >

UNTRL

1 ) . I D B C H ) , { C M T R L < 2*iNCASfc)#<CNTRL<
>,feTTl.<l)>,<C«1fRU« 1 3 * . N T l N > , < C N m U
15>»NTpUN>,tC&»TRL«16>»NCHA|N),(CNTP,L< 17>,LIB1>#
I B ) , L192),(C«TRL< l 9 * « LIBS),(CNTRL{ 2 0 ) . | V T l ) »
21)# INT?)', fC«TRL< ? 2 l i NSC1), (CNTRU( 23) iLMK( i> )
3 3 ) , N T H C S » , « C S ) T R L « 34»i NEPCS) , (CNTRL t 3 5 ) , K L I 3 D #

37» i

PThL

PTHL
PTHL
PTBL
PTBL
PTHL

, (CNTR|.(l67) ,NFG*N),
169 >. N r G P B > , < C N T R L « l * 9 n N F l i JO ># (CNTRL <177) »NED«N>.

( C ' V T « L U 7 8 ) , NEl»PT ) , « C M T R U « l 7 9 » i N E U P N ) , ( CNTRL ( 1 8 0
T » I a i f E R ) C N T K

i.
PTHL

UI HENSiON L l M P < 6 0 0 ) » H 0 t ( 9 l , N P T | ^ 0 > » T H T ( 2 0 | , H X A S ( 2 0 ) .
T

LIMP

1 ) , IPEMT>»<L!M p < 2 i » N X ) , ( L I M P ( 3 ) , MX)
4 ) , N * x » . < L ! * p < 5 J , I S 0 X ) , ( L P H ( 6 ) , I S 0 X E )
7 ) , NGE3M)« IL !MP{ 8 ) , N P 1 B 1 ) , | L M P ( 9 ) , NdCT)

I P ) . N X p ) , ( L P P ( 1 1 ) • BSUD) , ( L 1 * P ( 1 2 ) , H O L I D )
2 1 ) , N P T ( 1 ) I , < L ! M P ( 4 1 | , T H T < l ) ) , ( L P f ' < 6 1 > , MXAS|1>>

bin-irt H i ) , I L h I ( l ) ) , ! L f M P U 0 1 ) » NRBP(x> J , ( L P P < 1 ? U , DEGC|1>)
7 (LJ 1 P ( 1 4 1 ) , H S T d A ( l ) ) , ( L f M P ( t 5 9 } , W S T B d < i ) ) , ( L l ^ P ( l 7 7 ) , C 0 N C T A ( l , i

L l r t T l l ) ) , l L ! M P ( 3 6 7 I , R I N < 1 ) ) , ( L I M P<387> , R A B M ) > ,
V O L ( 1 ) ) , ( L P P ( 4 4 7 ) , M T B L | D ) ,

F I S U ( 1 ) ) I ( L ! M P ( 5 0 7 ) . H O L 1 D | 1 , 1 |
LOUT (1.1UO»»1 <OLA<9), HALT < 1 8 , 4 , 5 ) , r ' ' l L ( 2 0 , 4 . 5 > .

PT8L
PYPL
PTBL
PTPL
PTbL
PTHL
PTBL
PTt*L
PTHL
PTHL
PTBL

)

LOUT
fiJlVALtNCE ( LOUT(l),ID),(LOUT(2),hOL*(l>>»

1 (LO'T (II ),oALT< 1,1,1 )),(LOUT(371)«FOU( 1*1,1 )),
i)),(L0l)T(795),f 0X11,1) »l(L0UT(875),DUMB|l>>,
)» <L0l)T<900»,OTiiA(D)

PTHL
PTPL
PTHL
PTBL
PTHL
PTPL
PTHL
PTPL
PTBL
PTBL

1 A J

ERASE-
SSCIlo>*Si(lO)»SIRAHS.(lU)»SIGINllO),S[6X(lo)»C(lO>*

>,GMF«200 ),SPlN(200

PTHL
PTHL
PT9L

rX (20). PT^L
PTBL

'•CT(18,lt)
CiH"0'.' U,SI6V,GivJ,S13*,P,PF,r;OEL,f S,SSC,Sl,SlGABS,SJ6lN,SIGXi

1C,A :,SJ, PH0H»Ni'lb»El<»3MN,GMr,M,U«r,SPlM. AMASS. S I GP , JDNE , JT W J ,
PTbL
PTHL
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Figure 1. Cooraarison of Epithermal Fluxes

at '70°F and 500°F, as calculated
by iho Corngold Asymptotic Flux
Expansion, for the cases of
plain water and water poisoned
to 6b/H atom.
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Figun J. Comparl.son of HAMMER
with new ,ind old hydrogen <-j>i-

tturmal 1 ibrarii-s to Cortu:i>!<:

asymptotic t lux expansion.
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