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THE ROLE OF COMPUTERS IN QUALI7> ASSURANCE 
IN THE LLL CRITICALITY SAPETV PROGRAM 

BV 

B. L. K.oponen 

This paper summarizes some of the aspects of conputatlonal 
c r i t i c a l i t y safety qua l i ty assurance that have been emphasized in >-e<.e-,t 
years at LLL. In par t i cu la r I w i l l discuss (a) computer- code changes 
that have been made that help the c r i t i c a l i t y analyst reduce the number 
of errors that he makes and to locate those that he does make and (h) 
hoi* a computerized "benchmark" data base aids him in the val idat ion of 
his cohDULatiortai methods. 

I S Pcp»t:mn ! incify t)> '\t Ljmcncr 

•;h t l e r P ,'.''e * ".j^tipr r* aspett^ o* i jual i tv .tssurance in 
^. i fetv iJi^iTi.tat K"1"^. th is i>a?i-r w i l l emphar.i/L' two aras 

IN RECENT VEARSTHE LLL CS PROGRAM HAS 
BEEN A.Off 'Y ATTENTION GIVFN TO TWO 
VITAL QA- ^ . W ^ 

1. Asjur».?8 of input correctness - corf* improvement* 

2. Code validation - benchmark lib*arv 

,W i*e . ^ , - -..„ • ,seo . - ^ H . - . " . •,-. j r , . - s ; f r ,,,.3 -MCiM.r 
S*. I S An acr , v - for ^«pr- A N I i V * « - " - , 4 j v , . r v - ^ r>' the ^R-.r 
nu l tn rcup neutron a"? -i tT"*-ray > ' - te C • iransport code, mn<<"-e(j • ; ' 
do on v c r \ . . a ! i t y ; ! : t J .ations. -e have made t i . . >api to these ' -.rjes '" 
that help t-:e c " . a i i t y analyst . - in j r ;e the number a< trr0r<, „ e T n ? k 

ir. r^enar.-r., cod? ^ u t *r.<j to easi lv ' .nrj thi* errors f.a\ he dews nake 
Sc-* j * f iese cn j - ies >•-<• -•?": • "-r-d -rt V ide ?. 

O'̂ r : " : ' o i 1 ; . i . -id', •-••i tc -jk • :ode :np„t as simple as possiblp 
i ince the „ser i S nore Ti iely U- ^ i ? er r - r * where cooe input is <omplc* 
• he use cf nremomcs ,:c t i e n f . , problem input pararneters rather than 
special characters M * ' e l o f u l , e.;.. - t is casipr to remember the words 
" S l a y , "Cylinder" or Sphere" t ar. , •*"• ical codes such as 1, 2. 3 tn 
represert the three jcone"tnes. ? i - i - special characters such as S, • 
* , te s ta* : or t e m n a t e arravs *e>v ei i tni iated nr replaced :>v words l i ke 
L-',.' or END . 

OUR CS CODES HAVE BEEN MODIFIED TO HELP 
REDUCE: AND '.OCATE INPUT ERRORS L5 

• Input n umplifMd 

• Mntm»tics an ut«d 

• Input checking aids «wc addad - mau, damrty. 
vr?uma ealculitiocii and picturti 

• Common P'Obtam input paramatta itandardixtd 

«'•, Utpi/lrr 



The change in input formats is best displayed by example. Slides 
3 and 4 show the input far a simple uranium sphere required for the 
SAN and ANISN codes. In our opinion, the set-up and checking of the 
SAN problem is much easier than that fo r ANISN and consequently less 
prone to user input e r ro rs . Later in th i s paper I v o l ! diSCJ5S some of 
the ways 1n which SAN was simpl i f ied and the l imi ta t ions imposed upor. 
SAN ( e . g . , k-calculations on ly) . 

Slide 3 

SIMPLICITY OF CODE INPUT AND MNEMONICS 
HELPS IN PROBLEM PREPARATION H 

Sanplc "SAN" problem 

BARE SPHERE 
SPHERE REFLECTION VACUUM 
1 U23S 0 3 0.04480 
1 U23B 0 3 0.00373 LAST 

8.718 30 1 LA*". 
END 

Compart to "ANISN" problem -

COHPLcX '.;npE INPUT RESULTS IN GREATER CHANCtS OF ERROR 

Sample "ANISN" Problem 

pjfr°S?"» «°. VSVo'S i M,Vo? 3.8511 !3V' *"» ' 

Tiii ? i 
. i " " ™ 0 » v ! ' 0 - " ^ s i ^ - ._. 



Slide 6 

SIMPLICITY O F " S A N " WAS M A D E POSSIBLE BY 
PLACING ON T A H t OR I N COPE SUCH ITEMS AS: H 

• S weights and Sr»et ion eo i i nw 

• Cross section* 

• F r t i ion t pec tn im 

• P»ram*t»n 

and rest r ic t ingcatouln iaru t o mul t ip l icat ion ( k ^ ) ofi*V 

SAMPLE Or "MORSE-C INPUT FOR ARRAY OF AQUEOUS 
URASYL NITRATE SOLUTION CYLINDERS 

J 3 0 1 . J i f J - ^ f ^ . y ' 9 2 « i a 2 < W , 2 SOLUTION H-'UZaS'.tuOfO'Wt.-™-' 
mn ' 
i o i 

OCOHEfSv W M U U M ' S R P r B 5 K r x " 0 22~73 « " 3 « BB l » ' DO>--v 0 2? "• *S « »» ' » •' 

C SOT*-AM LAST 
. > u £ » - - - - -
) a a oi . . . ,_ . _ - . 
«»CH« 6 9 .08679 2 O D 3 05*10 LAST 

HII* > U4*» J ) I .50040-4 1 U » S O 3 1 l M O D - r 1 N 0 3 3 ?40»-4 
^ • S H . i . ^ " " ^ O . 3 W « 0 Z OATOHlC 0 3 .03349 

C-Z 0 21 .46 42 62 B-1 3B / ARRAY {(7K1 

?0X » 1 ( SECTOR SflLUTJQM t • - - -
ECTOR TOP 2 »S -6 -2 • SEL _.. . . . . 

SCCTOK VOID o -a -a / SECTOR WBTO U ** i 
•VJRFACE3 1 CVLlNDCX S2 10 9 32 I Z CYLINDER SZ !Q TO ' 6 ' 

3 N.AHE 22 -8 .78044 22 - I D / 4 PLAfJE 22 -» 4Z044 22 - I B , 
» PLANE 2Z 8.78044 32 1 0 / 6 "LANE 22 0 42044 22 10 ' 

VOLUME PICTURE 0 10 84 38 0 10 0 89 . 1 9 10 22 6B 19 10 ?Z 
LAST 
END 
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Both the SAN and MORSE-C codes draw pictures nf the systen being 
calculated. Slides 3 and 9 show c r i t i c a l i t y scfety models of a systen 
designed to measure the energy dependence of w in the region 0.5 to 
125 eV. 3 The sl ides show the pictures essent ia l ly as drawn by the 
codes, with the exception of the captions describing the codes and the 
experiment; also the non- f iss i le materials in Slid*? 9 we''e added la te r , 
normally being iden t i f i ed in another part of the SAN output. The 
user may draw other sections of the system with MORSE-C, i n ­
cluding higher magnifications of important deta i ls . r i g u r e 3 *s an 
example of how we used the pictures of "Nubar" to i iJustr-ate the 
.•esults of ow c r i t i c a l i t y safety study in an internal L U memorandum, 
simply by adding some descriptive mater ia l . Such displays also help 
in qua l i ty assurance by aiding independent reviewers dt ternine i / the 
c r i t i c a l i t y analyst has adequately described the system of i n t ^ r e i t . 

Slide 0 



FIGURE 3. Model of NUBAR Experiment Used in MUKSL-C Calculat ions. 

Cn. Radii (crO 
1 1.550 
2 3.175 
3 6.101 
4 9.00? 
5 10.272 
6 15.307 
7 30.310 

Section A " f t 
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FIGURE 4 

HOUSE-C CLOTTING OF INDIVIDUAL BATCH RESULT* 
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LINES *R£ tHREC SIGMA L I M I T S ^OR DISTRIBUTION OF K VALUES-
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F1GURE 6 

COHrSMSON OF HORSE-t RESULTS TO A NORM*'. DISTRIBUTION 

n 
NQ«MAL DISTRIBUTION OF MU!_T (PLICA* IONS (SQLIO L I N E ' CQW*f i£G 10 1HAJ 
OBTAINED DURING P H O B L C H RUN IO0TTE0 L I N E ! 

THE W T£ST. APPLIED TO THE LAS! 3<* B«TCH£S, (S SIGNIFICANT At !HE ***. 
PERCENT LEVEL. 



Slide 12 i l l us t ra tes how the "MASTER CONTROL"4 program is used to 
manage the large amount of data used in our code val idat ion e f f o r t . The 
data base is separated in to parts: the bibl iographic data base is the 
source of data describing relevant c r i t i c a l experiment, descriptions of 
the experiments are entered into the n u m e r a l data base, and f i n a l l y , 
when the systems have been calculated by our various computational methods, 
the resul ts of the calculations are entered into the numerical data base. 
"MASTER CONTROL" performs many useful manipulations of the nunerical data 
such as ordering the benchmarks according to core composition, ref lector 
mater ia l , k-ef fect ive, median f iss ion energy, e t c . , and performs calcula­
t ions such as computing the averages of resu l t s , differences of results 
by various methods, or w i l l punch the data in to formats required by codes 
such as SAN or MORSE-C. Also, i t is easy for "MASTER CONTROL" to save 
the resul ts of these operations as a permanent part of the data base-
Some examples of these operations w i l l be given later in th i s paper. 

A COMPUTER PROGRAM IS ALSO USED TO MANAGE THE LARGE 
AMOUNT OF DATA NEEDED FUR CODE VALIDATION 

"MASTER CONTROL" 5 

k= 1.003 
MFE » 0.5 McV 



7e:i «t]"HscN._ 
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PORTION OF THE AUTHOR CUNCORDAhCE 
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SHde 1? i l l us t ra tes how the computerization of the benchmark data 
has helped i i our code va l idat ion. Computer storage of the data provides 
ar< eas i ly accessible f i l e cf experiments that were selected to provide a 
basis fo r comprehensive test ing of computational methods- In many cases, 
the or ig inators of the data have been contacted for ad-iUional information 
and c l a r i f i c a t i o n . When changes are made in the codes or cross sections 
i t is not d i f f i c u l t to assess the effects pf these changes and re-entpr 
the resul ts into the data base. "MASTER CONTROL" aids in the evaluation 
by displaying results in ways that may indicate trends that might not bt 
evident frets a single val idat ion point. Slide IB l i s t s some o* the 
possible ways of displaying "benchmark" resul ts and Figure 7 is an 
example. 

Slide 17 

COMPUTERIZATION OF BENCHMARK DATA HAS 
SIMPLIFIEO CODE VALIDATION PROVIDING: I * 

• Archival ttoragi of selected experiments 

• Rapid teems to data 

» Evaluation of iww cross section data or calculations! 
methods 

• Display of result! that m&# indicate trtmij not mi»nt 
from a sintft validation point 

Slide 16 

"MASTER CONTROL" ASSISTS IN THE 
INTERPRETATION OF "BENCHMARK" RESULTS 
BY ORDERED DISPLAYS OF: \» 

• Sourew of data 

« Core minrtals 

• R*fi»cton 

• Mtdim iiuion eneraies 

• k% 

• Godot or cf ois section treatments 



In Slide IS I have entered the arei of speculation, but I expect 
that t h t ««ev.ion would be asked, so 1 prepared the sl ide presenting 
our best estimate of when a publication w i l l be available. As Ions as 
new experiments are being done, the bibl ioyr. ipt . i t data base / f i l l not 
be complete, Djt we plan to cut of f additions "ong enougn t»_ publish 
what we have, and do la ter updates of new measurements and measurements 
that were inadvertently omitted in the present work. Work or< 'he 
numerical data :>ase has bet'n pre-empted by our des! re to cime'^te the 
bibliography : j t . hopeful ly, a publication can he prepared i f t»e cominq 
yeai. 

$n_de_JjJ 

WHEN WILL THE BENCHMARK LIBRAR / BE 
READY FOR PUBLICATION? L3 

* Bibliography - we hope this iumm«r, with periodic 
updating to follow 

• Numerical - about 170 experiments are included but 
the variety ol materials and geometries i* limited -
perhaps a venrun C M bs published within a year 

* 

http://biblioyr.ipt.it
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The SAN code was designed to be used f rcn an interact ive terminal 
i te letype, te levis ion monitor, e t c . ) . I t was tnus necessary to keep 
the input as simple as possible and make tne code fast running. We 
noticed that the majority of our ANISN problems were being run in a 
^onewhat "^tanddrd" fashion - ^-calculat ions, f ixed S n constants, group 
s:ze 1 f iss ion st>ectrun, convergence parameters, e tc . We det-'ded. there­
fore, to make our interact ive version one in which many of these items 
were fixed and stored in tne code or on tape. There was a loss of f l ex ­
i b i l i t y in SAN. but we s t i l l have ANISN available for the occasional 
searchjs, source problem, e t c . . that we need. ( Inc ident ly , we have also 
•naie cnanges in ANISN such as the mnemonic input fo inat that help to 
•^ke ANISN easier to input and check.) Slide 5 end 6 Outline the changes 
in SAN. 

I do not wish to spend an excessive amount e* time in the oral 
presentation on th is subject so I w i l l not include comparable examples for 
M0RSE-C, but for the wr i t ten paper I show an example of the HORSE-C input 
for a 3x3x2 array of solution ry l inders , a f a i r l y complex system (Figure 1) 
The reader may compare this format to the KENO input format i f he wishes. 
In HORSE-C the Honte-Carlo parameters such as neutrons per batch, standard 
deviation termination, e t c . , have been f ixed at preselected values, but 
the user has the option of overr iding inese i f he wishes. In the example 
of Figure 1 , I chose to change the standard deviation termination from i t s 
preselected value of 0.005 to 0.003 (card no. 2 of Figure 1}. 

Slide 5 

WHAT LED TO THE DEVELOPMENT OF "SAN"? fc3 

• Interactive version required simple input 

• Most of our "ANISN" calculations were being done 
with " tundird" input parameters 

• Many rams being required by user input can be 
kept in code or on tap* 



The output of out" c r i t i c a l i t y codes was als-i modified to help the 
jser insure chat his problem was properly described. (Slide 7} a table 
of ato^K weights 's attach*" 1 to the cresf- section l ib rary permitt ing 
the codes to compute tne physical densities i f the materials requested 
by the user. I t i^ then a simple matter for the SAN code to compute the 
volumes and masses of the material!; used in the problem, in the general 
geometry 10RSF-C, j special Monte-Carlo Subroutine was programed to 
cnmpt.ce volumes af tr£ various regions, with scne s ta t i s t i ca l uncertainty 
in the resu l ts , f ioure T i l l us t ra tes a HORSE-T volume and mass calcula­
t i o n . 

Slide 7 

AT THE SAME TIME CODE INPUT WAS SIMPLIFIED. 
CODE OUTPUT WAS IMPROVED y 

Thne ^lanpe* ware octiontri la 

• tMp tfM uMr mnirc that the probttm wm what he 

• DM«V P'cturw of the Qiomttfy in dttail and to teal* 

• Dt^ilay calculated output m plots rather than columns 
o' numtWfl 

FIGURE ? 

SAMPLE OF NORSE-C VOLUME AND MASS CALCULATION 

•"wrfe 
fi 0O£*03 * ME'DI 0 007S 

0 ft?E*r? 3 131-00 0 0049 

2 1M*02 6 73C-9D 0 030* 

2 12E*02 B B)E*00 0 0312 

4 20E*0S • 19E*ao Q 02%* 
4 22£>D? S 21E*00 O 021» 
4 12E*03 1 S9E-0I 0 003* 

ISOTOPE •eg 5TD DEV 
U239 2 •3E-OI i n e - 0 3 
u 2 i i 2 3*E-02 • t K - 0 9 

3 77E-AZ 1 43E-04 
0 4 30E*00 1 7QE-02 
H»N20 5 64E-0 I 2 M E - 0 3 

2 036-02 TOTAL 3 41E*00 
2 M E - 0 3 
2 036-02 

CtATOWIC 4 94E-01 2 Z3E-03 
H.CM2 • •3C-02 2. «?E-04 
? 2 •3E-0T I . I K - C t 3 ••£-» TOTAL • 23E-01 

I . I K - C t 3 ••£-» 
C*AT0MtC 34E-01 4 TBE-03 

• 3 M - 0 4 H»CH2 2 07E-02 
4 TBE-03 
• 3 M - 0 4 

0 • 2 * * - 0 2 2 94E-0? 
TOTAL 2 57E-01 7 93E-03 
CtATOHlC 90E-01 4 M E - 0 3 
H«CM2 2 02E-O2 • 28E-04 
B • 01E-P2 2 4CE-93 
TOTAL * 30E-OI 7 •OC-03 
MQIQ D 0 
VOID 0 0 
V010 c 0 

http://cnmpt.ce


are vacuum CH. (*f radiui 
Material (cm) 

"Nutw" 
txptnmtni 

tie have also been aided by the ot"er 
w0SSE-C. 5A% disolavs the 'v t f ia l neut^o^ ' 
energy Q<-OuD5 - *ast. intermediate, am thermal (Slide 1C 
D^ens with 92 neutron energy groups, whicn we run routine 
grated f lu< c lo ts are ore helpful than <*Z separate plots 
•a'-'es flf numbers. SAN aisp displays the f ract ion 

sua! display, o f SAN and 
tegr^ted over three 

for pro-

. / £ - : , t M E /./" .It. 

vs. energy, fr<jn which we Get the ~«:dian energy Of «eutro"S cousin^ 
f issions (nedian f ission energy). Tnis :s a helpful characteniat ion 
of t i e spectryi- cf the system. SAN also plots the energy-o«pendent 
spectra for each of the spatial regions and plots the leakage SDectra. 

In addi t ion ro spectra p l o t s . HORSE-C plots the history o* the 
batci calculat ions. Figure J i l lust rate*- the p lo t t ing of tne i nd i v i ­
dual batch resul ts and Ficwe 5 shows the averages. These plots help 
J5 :O determine i' the proD^e- has set t le. ' . MORSE-C plots the hatch 
averages "backwards", i . e . . ^v el iminating a l l batches previous to the 
tire at which cue average is to be calculated. This type o* averaging 
snows the e f f ec t of the i n i t i a l source for cases where a s^ " "c len t 
"un?er o f ;he early Patches have not been discarded, and low many 
batches should be discarded in such a case. 



SAN DISPLAYS RADiAi FLUX PLOTS FOR 3 6NE I^VJSANSES - . 1 3 

MOflSE-C also te l l s the user how his bat-h results compart* -L-
«tQ'*;-vst d is t r -Du t ion . f i- iure 6 i l l us t ra tes t fu^ p l o t t i i q for the 
"*iubr.-- Experiment". 



FiGQftE 5 

VOrtSL-C PLOTS BATC4 AVERAGLS FRO" LAST T(M«K&$ FIRS* 

FIRST B*TCM USED IN AVERAGE 

3 0 0 1 - 0 0 - 0 5 
AVERA&f MULTIPLICATION CALCULATED v>S!V& Tut LAST ix BATCHES. ITOICATED CRftOR 
IS TMrtEE TIMCS SUNDAPL) DEVIATION OF E S U M A U OT< X. 



The serotjii \\\rt <?* this t a i t :on$iricrs code va l idat ion. ANSI 
.itdndtii-d Mr . 9** states that " . . . t in? l imi ts fay tie -ierW«<4 fvw> t a U u l a -
: to« e -ant? ov .i -nethod shown 10 se va l id by comparison wi th experimental 
t t - i i r t . . . ' . s'lwle 1! l i s t s three aspptt* of rorfp va l idat ion. The second 
ltcni is not i t n c t l v it I'-irt of .1 formal code val idat ion scheme, but is 
helpful i** tode va l ida t ion , for example, i f the resul ts of calculations 
fur identical systems with discrete ordinates and Monte-Carlo codes are 
m s igni f icant rtisayreepent, -t buq may be present in one of the codes; 
•iiiwever, ever i f thev a-jree thpv may hotll he in er-o- - due to J tonnon 
•Jefcct. Thus i t is ebsehtnii that val idation includ? calculations for 
experimental systems. 

SJ.ideJ.l 

A SECOND VITAL AREA OF COMPUTATIONAL QA 
IS IN CODE VALIDATION 

• Code performance dwcki 

• Comparison of codes 

• Integral iBftb of the program and dtia uy calculation 
of experiminui systems - "benchmark*" 
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Slide 13 displays sorre of the features of the bibl iographic data 
base. We have selected only documents that pertain to experimental 
measurements* omitt ing c r i t i c a l i t y safety calculations or "survey 
calculat ions". Some documents containing calculations of c r i t i c j l 
experiment are included. The data base includes su f f i c i en t infomatioo 
to ident i fy the documents and includes abstracts to help us decide i f a 
document is usef ' j l before w<? inspect the f u l l - t e x t repor t . Various 
indices, l i s t i n g s , conco rdan t , or on-l ine searches help us select 
"benchmark" data. Slides 14-16 i l l u s t r a t e some of the bibl iographic opera­
t ions. Slide 16 shows a portion of a concordance on " s i t e s " . These 
arrays were added to the data base to ident i fy the locat lcn and program 
of the experimental worV regardless of the or ig in of the report , e . g . , 
i f a report is issued at LlL discussing experiments done at LASL, the 
s i te description w i l l s t i l l be that of the LASL program-

Slide 13 

THE BIBLIOGRAPHIC D.B. IS THE SOURCE OF 
THE "BENCHMARKS" INCLUDING: ( J 

• ^1060 documents 

• Authors, titles, ditts. abttrfCts, sittt. i t c 

• Concordancts on (1) silts (2) authors O) titttsand 
absttaets 

• On-ltnt starching 

Sl ide 14 

LISTING OF A PORTION OF THE DATA 
IK THE BIBLIOGRAPHIC E1ATA BASE 

ux muocum or cwncu. my^amxfi 
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PORTION OF THE SITE CONCORDANCE 

•~au Atn GE.JMF T | 

MK1.FVJ ^K ! . % {jfiMtawtL 1 

<XOCt t ' I I T . iJPkMTL) 

It.-I PIDINfJER. O 

<CKV = I_A*S B01f>MT' 

O H 

•19-) I ' f t ' l ! 1 " . R E 
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l o ? ' . ROTH; . H r 
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LONP 6B a 1'>9 o a t - l O ' 6 B 0 1 - 2 - ) 

l f t v . - . i n . »ft. i t ) 7 - t ! i e ' o - M - n o 
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6 0 - 0 / -or ssJffisSffiS^ssr1 

1,1 -00- 0 0 SrSiJSiSS I??rSS:^' E " ^ ' " 

6 1 -OB- •OG ^ • ^ n M % " ^ 7 & : 
6 9 0 2 •oa KS!.'.!»-.5F*1«F."E~i.,P' i * N > 

NTER*CT!ON UEfTU?£'< p r i ^ O H f ; -

:*'»»|vr»: 



I O N CORE HEFLEC REFL. MFF S A N fc<«c OK 
TOB THICK. (hEV> 920RP S2QRP 

100003 PU-0 w 4 . 8 9 9 1.14E*00 0 .9942 0 .9632 - 0 1 1 0 
PU-A B E 13.004 9.43E-01 a . 99 I f l Z 9626 - . 0 0 9 1 

360003 ru-D C 3 . 8 3 0 1. .7E»00 1.000'.' 0.S933 - . 0 0 7 4 
l l -233 ^ 9 . 9 8 2 1.OiE'OO 1 .0049 0 9933 

\i SS22 
- . 0 0 6 3 

360002 t»U-D 7 1 l> OOO 1 Z^E'OB 0. 9672 
0 9933 
\i SS22 - . 3 0 3 0 

470002 PU-A BE ?r 957 6.6CE-0T 0 . 9 6 ) 9 0 9370 -.oo<» 23U0C2 U-233 U - . J02 1 23E*G0 0 9633 C.3616 - . 0 0 3 » 
3200OS U-23S C 10 160 8. 42=-01 ' .DD1& C.9976 -.0039 
200003 U-233 B E 11.7G6 s.aee-o' G.9987 . 9933 - . 0 0 3 4 
310003 U'23S CU 10.361 7.74£-Oi 1 01 76 i .314? - .D03T 
270004 U-233 9.92E-01 i aoKB 1 OOOl - . 0 0 2 7 
440101 U-233 B E 3 28 1 e.ttE-oi ' . 0 0 6 ' 1 C03» - . 0 0 2 2 
420000 11-232 CE » 2CB 6.09E-01 1.0021 - . 0 0 1 9 
430003 U-233 BE 3 440 V 29E-0I 1 10064 1.1046 -.aois-PO-A i t 6 167 1.0031 O 9r>64 - .OOl7 
340303 » * M # W " > !' 1 . 953 1.34E+00 0 .9922 0 9905 - . 0 0 1 7 
SU0302 PU-A »« 3 222 1 . 11E*03 1.0028 I . .^012 - . 0 0 1 * 
57ri001 VERA11 U 3 3 . 0 0 0 7 .6 'E -O I 0 .9749 0 v734 - . 0 0 1 4 

PQ003 ru-o 1.4bE>00 0 .9933 0 9M". - . (1D34 
360001 JEZEEEL 1.37E*0B 0 .9917 

0 . 0 8 1 6 
0 .9D-T C.OOOO 

•!40CQ3 U-233 M 2.431) 1 10E>00 
0 .9917 
0 . 0 8 1 6 0 9CI9 O.OO01 

150003 U-233 B E 4. "tS S.89F.-01 0 .9913 1 3*i2i O.OROS 
(j-233 <J 4 . 4 . 1.OCE'CC 1.0C63 i.3093 0.OC12 

90CD2 P l - 0 - U - ? > 3 l .23E*C0 0 9997 i r.ai2 O.OOIS 
30002 U-233 u 1 70S 9 .91£-01 1 CO 39 1 C03S 0 . 0 0 1 9 

4snoos U-2SS BE 2 £22 6 GSEOI ' 0027 1 D34? D.OSZO 
60403 PU-U 1.3E£"0v 0 .9978 0 333ft 0 .002O 

390003 PU-D U 3 .7J0 1 Jtl£*£3 • . 9 9 3 7 O <"»3Q O.0023 
"• 90003 U-233 w S.O60 6 IdE 01 T.0C26 ; .-.U34 O.C026 
130004 U-233 BE 4.C90 7.3SE 01 I .0094 ».c;2fi O.C032 
140004 U-23'S W 10 .160 7 .46^-CI 1.3D39 0042 0 . 0 0 3 3 
400002 PU-0 B E 3 230 I .C6E*03 1-4P19 . .0062 0 .0044 
2100J I U-i:33 U-23J 1 03E*00 1.CCAt 1 0090 0 . 0 0 4 8 

PU-A B E 3 1 . 9 3 1 8.62E-01 0 i94S 0 .6999 0 .0034 
23000£ U - 2 J 3 BE 2 OflS 1.09E*00 O 9B63 3 9922 O.O0S7 
2200Q? U-233 U-233 1,20E»0D 0 .9664 C 9924 0.OO6O 
230002 H-^3? U 19.914 1 36E*00 0 .96S3 »,.99IS O.0063 

1000? U-23^ 9 94E-01 I CbSS 1 00"0 0 .C065 
20003 l i -233 u IS 009 1 Cdt-00 ; .0303 . . - o ? » 0 . 0 0 6 3 

Ht-D _, B E 3 . 6 6 6 1.13E*00 1 t'OSfl t 3lOt 0 . 0 0 7 3 
290002 \}-?.33ff ( f 4 040 8.63E-C! 1 .C I44 1 0Z17 

1.0083 
0 . 0 0 7 3 

7O0O3 FU-C U 4 . 1 2 6 1.36E*00 1.0000 
1 0Z17 
1.0083 O.O068 41QT01 U-23S BE 20 .Z66 4 .34E-01 0 . 9 * ' 6 0 .9909 o.ooai 590001 ZEBRAS U 3U.3C0 • 66E-01 C.9> '. 0 .9612 0 . 0 1 0 * 



I f U<™i p ^ f w l s , W *.&*V, v»SU be ended with a s l i de surmartzing 
the two area? of emphasis of this t a l k , hoping that perhaps some of 
ch-s information has been of interes*. to the audience. <5iide M). 

TWO AREAS OF EMPHASIS KAVE BEEN OF HELP 
TO OUR CS OA PROGRAM ^v 

I Sunpiiftcdii0"* o' input and improvement of output of 
criticality *s'«V codes 

2. Use of computers in manapng the data needed in cutta 
validation 


