
AEC RESEARCH & . 

DEVELOPMENT REPORT 

BATTELLE MEMORIAL INSTITUTE PACIFIC NORTHWEST LABORATORIES 

BATTELLE BOULEVARD, P 0 BOX 999, RICHLAND, WASHINGTON 99352 





UC 4 6 ,  C r l t l c a i r t y  S t u d r e s  

R E F L E C T O R  S A V I N G S  F O R  U R A N Y L  N I T R A T E  O F  LOW E N R I C H M E N T  

C A -  R o g e r s ,  R C L l o y d ,  S n  R ,  B i e rman ,  and  E D .  C l a y t o n  

P h y s i c s  R e s e a r c h  Depa r tmen t  
P h y s r c s  and  E n g l n e e r l n g  Divlslon 

November 1 9 6 9  

Work s u p p o r t e d  by N a t a a n a l  Lead Companl o f  Ohlo 
and  A t l a n t r c  Rrchf  r e I ' d  Han+ord  Company 

BATTELLE MEMORIAL INSTITUTE 
PACIFIC NORTHWEST LABORATORIES 
R I  CHL-WD, WASHINGTON 9 9 3 5 2 



Printed in the United States of America 
Available from 

Clearinghouse for Federal Scientific and Technical Information 
National Bureau of Standards, U.S. Department of Commerce 

Springfield, Virginia 22151 
Price: Printed Copy $3.00; Microfiche $0.65 



RFFLECTOR SAVINGS FOR U W L  NITRATE OF LCW EXRTCmT 

Reflector savings f o r  2.14 and 3.04 w t &  2 3 5 ~  enpiched uranyl n i t r a t e  

r e f l ec t i ng  a cuboidal core of &02-polystyrene were experimentally deter-  

mined and compared with calcuZatfons using the HFE and DarP codes, H E T-  

computed r e f l ec to r  savings curves f o r  l e s s  than 5-0  wt,$ 2 5 5 ~  enricbnd 

uranyP n i t r a t e  r e f l ec t i ng  a spherical ,  water-moderated, uranium rod lattice 

are presented with a discussion of the  pr incipal  parameters which infiuericc 

r e f l e c t o r  savings. 
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REFUZEOR SAVINGS FOR L W Y L  MlaaATE OF LQIJ EI"RIGBX3Wf 

C. A, Rogers, R, C. Lloyd, S, R, B i e m n ,  and E. D. Clayton 

INTRODUCTION 

1x1 the reprocessing of uranium fuels ,  s i tua t ions  develop, such a s  i n  %he 

4lssolut ion of f u e l  rods, which r e s u l t  i n  complex f u e l  confi@;llrations, BLar Lng 

dfssolution,  possible systems range from bare f u e l  t o  rod l a t t i c e s  under opt',m~~rxi 

conditions of moderation and ref lect ion,  as wel l  a s  homogeneous systems of d l s -  

sc;lg~ed finel, C r i t f c a l i t y  s a f e ty  must be given top  p r i o r i t y  i n  a l l  of these 

s i t ua t i ons ,  AP, important parameter i s  es tabl ishing c r i t i c a l i t y  sa fe ty  s p e e ~ f i  

ca.ticns f o r  ~ u c h  processing s teps  i s  the  r e f l ec to r  sayrings of t he  u m y l  n i f ra) ,e  

soh~%ions  which form during the  dissolution.  

Reflector savings takes on d i f f e r en t  significance f o r  various geometries 

and circwnstances, m e  r e f l ec to r  savings of a sphere i s  defined as the  d i f f e r -  

eiice between the  radius of an unreflected c r i t i c a l  sphere and the  radius  of a 

c r i - t ~ c a l  sphere of the  same mater ia l  surrounded by a r e f l ec to r  of ~ ~ f f o m n  thfck- 

I?E"SS. For a cuboidal core (rectangular parallelepiped),  reElec-G9ed on. one end, 

the  savings is  defined a s  the  difference i n  length of the  ref lected and mre- 

IXected core, FOP re f lec t ion  on two opposite ends of a cuboidal core, the 

savings is  me-half  the  d i f f e ~ e n c e  i n  length of' t13.e ref lected and u.nref;e:-r,eo 

core .  Tkill~es of reflector savjngs are p~esen t ed  fo r  guidance i n  e ~ i  t ~ c a l  f cy 

sa f e ty  evaluations involving uranyl n i t r a t e  of low enrichment. 

In ac tua l  practice,  it may be d i f f i c u l t  t o  divide the  system i n t o  a core 

an3 a, r e f lec to r ,  s ince  the  system is  continually changing ac dissoL~lutfoa p r o g ~ e 3 8 ~ ~ ~  

EhVery choice of core and r e f l e c t o r  parameters w i l l  y ie ld  a sonewhat d i f f e r e r t  

r e f l e c t o r  savings, Spherical gemetsy  probably gives va l~ t e s  which a r e  applicable 

r o  the l a r g e s t  number of problems, FOP t h i s  study, spherical  cores bf maximi~m 

b ~ ~ c l d i n g  were used i n  the  calculations of savfl~gs %or uxanlum l a t t i c e s  f a  va-,er. 

A s  6 cheek on the  accuracy of the  r e f l ec to r  saviLgs calculaxions, a series of 



experzxer + s  W F R  pe~f~rrr?~% u e i r ~  a refLectie6 ri~l-sit?%j care cmpo~ed of 2.2 WG$ 

24'Pu etriched R02-apolys5yre:~e blocks with an H / R  ratio of 15. This material  

was i;sed because 1% was ~ead;%y available in a Porn which permitted %he c ~ n -  

s.t;.mr*l ?r, of clesr,, e r i -  ic %l aystemc f o r  direct ccxpa-rir;on wi th compuCer 

calculaH loLsO 

s m u g  

PrElectar savbigs of a 2.2 w t $  2 4 e ~ ~  en:.ick.ed RtOp-pclystyre~e (H/% = 15) 

r. i"zz,i ,  ref1e:"ip-i by umr-yl rE-1-rate of low enrlrhrilent, weye q e a s ~ r e d  u s i n g  the 

r.p.. ,. , A . A r 2 r  ," .- apprcaclrA method. 3.e  ef ' f ec~s  cf +he sta%r,less s + e e l  in the re f lec tor  

s,-l~;+Son ic3r~:alner wsilc arid of ,Yr,? a: ' space a+ +,he ~ ~ ~ e - r e f l e a L r ; ~  fr,te~fztce, 

zm25d by iut.'~;glLar4tSes :a -LVL"1: core arid ref ler  t x  ~l~rf"nr,?s, .$~re ex~erirnentaa_ly 

7 \ i 

d e r c r n i ~ ~ d .  C~7~1pari a m betwe;-r rnes~~~~srnec~s 8-5  H P S ~ T ~ A  an5 lXT'2' computed 

r?fleca.or a%vfr?zs shm these  T P Z ~ E  ' 3  c~nput~e v a l ~ ~ o s  of savings which are  

mol~;-3,?,r:a ~rw-~:u.a-,-n.l z rrerf cai is+ ? Fees reflec%ed Sy u~anyh n i t r a t e  of Less 

than 5.0 w4$ 27:: err l ;mavt .  Res'~115 for tthese two c ~ d e s  agreed wry well 

i- - -  ,- +i2egs . sv-3- ?p-- y-2 j+ 1s f f  ĵ : j .e r~ j  kvell. I"f.F;MF.3pL" t.kAe -rIje .r&lue--, F3pl- 

a T l r r s  C? ref;:- :tr say rigs a,s s f u r r r ; t n ~ . ~ :  OF  SF;?^;,; &lffe9~n-! p ~ ~ & r n e t , , ? ~ ~  are  

~ ~ 3 r n j n e A ~  R r ^ f l c - * t ~ '  swK)':r?,gs,. 31' a fmpk:r, of km? t"?r a cc~r~si.,m-.f- rhflector 

tk:c.'*s_a5s is nearly x n . l c ~ ~ n d E n C .  of :h* 235.r~ ~ c r t c h a e ~ C ,  $ 2 ~ -  ;he mnge .=f enr ich-  

PUO~-P.",I. y s f ~ ? ~ ?  cube 3 w&ze s taek~c i  on b o t h  3f 3 reac5e spld t-table 

i z  1 
xa~hine~', sc cs to f z r m  3 s ~ c g l e  clmpact, cubc;dsl array when the faces were 

clcst. d o  The 1z?as_y2 r iir3-d;t ref  Le:t,:r sc172t i0r.1 X ~ P C  ~cn~2;i~ified i r ~  s ta in less  

stt;?l :%as placed aga,lr.st the arr.zy ~f bl~cks. F:glnYs 1 shows the arr.angcment, 



of blocks and r e f l e c t o r  cans on the  sp l i t - t ab l e  machine. 'The inverse anul%~pl?- 

e a t l oa  rfiethod was used t o  determine the  number of rows of P u 0 2 - p o l y s t ~ e r ~ e  bltl.6ks 

* required f o r  c r i t i c a l i t y .  This procedure was repeated wi%h d i f f e r en t  uranii~rfi 

concentra-bions and with d i f f e r en t  r e f l e c to r  zhicimeeses. aTnroughout t h ~ s  e%giz?- 

meet, the height  and width of the assembly were kept constant; a t  gQ090 cm, 

DEZ"ENXAm,BTa OF @Om SIZE 

h experament was performed t o  demonstrate t h a t  r e f l e c to r s  32 e i t he r  side 

of zbe soye a c t  I-ndependently of each other  f o r  the  assemblies befrg used i n  

t l e s e  meas~irements. f i au f f i c i en t  2,2 w t $  240fi enriched f u e l  w e s  avaiLabl.- +o 

csnstxuct, a c r i t i c a r ,  -=reflected,  kicmogeneous core cf t h i s  material ,  a0 a :-re 

was constmcred wirh one bottom l aye r  of 8.0 w t $  2 1 r o ~  enriched blocks and f-Lve 

Layers of 2.2 wt$ 2 4 0 ~  enriched blocks. This core could be made c r i t i c a l  w k t ?  

unreflected and boeh %he re f lec ted  and unreflected core Lengths could be m ~ a ~ x r e 2  

and &he re f l ee for  savings deternilled. Usins two i den t i c a l  vater r?flcetoTs 2" 

9.6 cm thickness, the  r e f l e c t o r  s a v i r ~ s  was I"o1,nnsi to be b e  05 i-rr. fol- w e  ? r o  

reflected, and 4.06 cm f o r  two ends re f l ec ted ,  The close  agreement of t h e s e  

values shews negl ig ible  in te rac t ion  t o  occur beween the  r e f l e c to r s ,  

3 6 ~ e  the  r e f l e c to r s  a c t  independently, the reflectox- s a v i ~ g s  is e,xaal f c 

kke d~f fe rezce  -En core length wit2l-1. ore end re f lec ted  and with. CVC ends r e f l e c ~ e 1 2  

and the -7a l~e  so  obtained can be used t o  dekerm~ne the  unl-eilected c z ~ - e  hergt;e, 

The unreflected c r i t i c a l  length of a homogeneous 2.2 w%$ 240Pu e c r i c t e l  h;Sc.- .- 

polys a;;r~ene cope was determined t o  be 32.95 2 .3O cm by "'~"raging 21 sets OF 

measmemeritso 

G O ~ C T E O N S  TO THE REFLECTOR SAVINGS 

Two correct ions  were made t o  the measured value of the  r e f l e c t o r  savirg;, 

An adjustment was made t o  a c c c ~ ~ t  f c r  the  s+&inless steel, walls  of the  ref;;.-?- - 
cans and another t o  cornperisate f o r  the  leakage of neutrons from $he als %$ace 



bemeen the cope and ref lector ,  Bc%h corrections were eimluated by increasing 

%he scarce of the pe1-.t;ur"batlonj measuring the resulting change i n  savings, and 

then extrapola%fng t o  the s i tuat ion where the undesirable element i s  removed. 

The ef fec t  af the 50 m i l  s ta in less  s t e e l  can walla was es-tablfshed by 

i n a e r t h g  up t o  three extra  50 m i l  sheeta of s+&inle~s  s t ee l  a t  each can wall  

an6 redetermining the ecre length, These resu l t s  were used t o  extrapolate t o  

a system with a l l  staznless s t e e l  removed, Figure 3 shows the e f f ec t  of the 

s ta in less  s t e e l  on the t h ~ c ~ e s s  of the re f lec tor ,  For th in  refLec%ors the 

refLecr;Svity is enhaneed by the s ta in less  steel, while fo r  thick ref lectors  

it is seduced, When. the re f lec tor  thickness 1s about 8 em, 5C m i l s  of s%ainless 

s t e e l  ha? nc effecb on the savings. 

me air space resulted primarily from a s l igh t  bowing of the re f lec tor  

cac walls and f ~ o m  small i r regubari t ies  i n  the ccre face. Xn order t o  de%er- 

mine the effec-t sf t h i s  gap, sheet? of" styrofoam wePe used as spacers t o  

facrease t h e  width cf the a-Eaa space by a known a n a ~ ~ t ~  Spacers were used t o  

g?2a?;%x;t,ee -t,ha"lhe a i r  gap could be reproducerl alvo t c  prevent the cans from 

%:rig accidenfally moved elcazer so the core thu dcsfredj thereby producing a 

mr,re reactive oisnfigkrat~~r,., E t g w e  4 s h o ~ a  the ZeperAder,cr; of  he core s i ze  upon 

%he vfa"h of the air spacea For ~ i m p l i c f + ~ y ~  the w,ar space c~rrecstion t o  the 

reflee-cor savings was d~%emined  only fop 9.6 cm 9% water reflectnon, and the 

rralue fo1~nd was assumed t o  be val Sd fo r  a l l  co~ccntraticzx1.s of urmy1 n i t r a t e  and 

a-eflecmr. thickness used fra, this ex~es-",men"~ Fc r this, air spaces, %he recluction 

in  savirgs w%s four,6 TO tie s l igh t ly  greater thax xhe width of %he space. The 

avemge width GP &he a i r  sFace was estimated t o  be Q020 cm, and t h i s  corresponds 

t.5 a loss  of 6,24 cm Ls the re f lec tcr  savingso 

W s  slaes  of re f lee tor  cans were u ~ e d  ifi t h i s  exper~ment: 4 , ~  em and 9,6 

r m o  Mul+lples of These were use3 3 0  &tam other reSLect~r  t h i s h e s s e s ,  



Between the  two 9.6 cm cans used t o  obtain a 19,2 ern r e f l ec to r  thickness, a 

second air  space exis ted of the  same s i ze  a s  the  space a t  the  c o r e - r e f l e c t o ~  
I 

in terface .  Wit>h 9.6 em of r e f l ec t i on  the savings is more than 9@ of i t s  maximum 

value, and i r r e i w l a ~ i t f e s  i n  the r e f l ec to r  a t  t h i s  distance from the  core have a 

much smaller influence than they would have i f  they were nearer t o  the  eore. 

The e f f e c t  of the  second a i r  space is  several  times smaller than the  first aod 

is ignored. 

E r n R I r n W E  ERROR 

Scurces of Experfmental E ~ r o r  

1* Sta in less  Stjeel  C o r ~ e c t i o r ~  i 0.05 em 

2, Chemical Impurities + 0.00 cm 

3 .  Concentration Determination t 0,05 cm 

5. Block Size and S%acHng 3 0.10 cm 

6, Refleetor Can Positioning t 0.13 cm 

Experimental Error (square + 0,18 cm 
Root of Sum of Squares ) 

Given above in ,%ble 1 a r e  the  sources of experlneratal er ror  i;3 -e-h%s ~ x p e r : ~ ~  

ment, ,The probable mgniliddes were de%eminc d a s  follms : 

( 1  The wicertainty i n  the  s ta i r i less  s t e e l  e o r r e c t l o ~ s  was estimated from a 

p lo t  of core Length vs. s t e e l  thickness ( ~ f g u r e  2 )  by PPnding the  root  

mean square var ia t ion i n  the extrapolated xmluss asfng two points a t  a 

time 

(2)  A small amount of chemical impurity was fow-d t o  be present i n  t he  soIa:f%~ns,  

but  t ranspor t  "cheory crzlculatfons showed the  effee", ttc7 be negl ig ib leo  

( 3  ) Uranium conceatra t i  ons were determined r, 3 wlZlhfrL 20 g ~ j i / l  i t e r  . Fcr the  

sake of estimating t he  uncertainty one can assume %he savings a r e  a Linear 

function of concentration between 0 and 200 g ~ / l l r e r ,  The masured 
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2ifffr~rec ;r. 78 .iris f2r r e f i e ~ t c r s  r"w;ater a ~ c !  of 2n3 C; U/litcs is 0.5 cm, 

An uc?eePtalrvt;;- of 2'1 g IJ!lizer in ecnceritraticle results i n  aa uricer*Lalnty 

i n  ref2ec+ri-r c ,a~r :ngs  of about one-sexth this T,raLue, o r  ~2~05 ern, 

P e c i p i t a r . c r  was d i s t c ~ ~ e r e d  i n  one of the 9.6 cm Lars of 2-14 v+$ 2 3 5 ~  

c?richrd urju .yl  n i t r a t e  a t  a concent-ration of 600 g  liter, The maximum 

r k a n g ~ '  :D ref lector  se,~!.~.ag~ as a r e su l t  of this p ~ e c i p i t a t i ~ n  is 0,10 cm, 

Bo otbex prec:pira+e fcrmed during these cxperimezte, 

( 5  1 d f i ~  rlutl-r ;~A,T!, blocks yrary slightly f~orn each otker i n  szze, a ~ d  siml1 

I ryr=gxldr :  t.~ed I n  ch.? ccre reeillrc3 when ?,he 'blcck,i, weTe slacked, An esti  - 
n % t c i  1 2 ~ 1 1 ~ 3 r t 3 . 3 r 5 ~  cf r o i l  ~ l l i  i n  care s!zt r- ;~ l l cca  from the  artst st ions 1 3  

i r l s ? k  @ ~ Z F  a ! - j  I n  the ctarkirig cf the block;, 
I 

i t  1 Y s c g  :>he aT-er&g" core S L Z E ,  one can f1n3 tvr sai~es of the r e f l e c t o r  sav-f~gs, 

me -ral;e c&r. tt2 le t~rr i l i r~ed f ~ ~ m  the core s i z e  ~ i : h  a reflec-tol: or, ar~e end, 

a r r  t,ze r r L t u  gar f i e  can be f o l n d  fmm the ccre ~ : i e  n t h  ref1ec-t-czri en w o  

er&lca T%e 5 F : f F e ~ e ~ e e  beAween c:rresi;oladjrg v s l  i c j  cf :tie sav::gs Y E  &D. e s t l - .  

rri,ta ~i the dneersalrry i n  measarlng them, l!s~r,g *!-re niees i r e d  dam, the asst, 

mxesn s q i z a ~ ~  unc~r? . a ln ty  ir? -the reflector savings is r 3 , l 6  cm, Qi15 i s  a 

- - 
cc"r!t l r ~ ~ : ~ ~ n  21 ?CU E"TSY;: reei:2+.:cg f ~ c m  *he &tecli:rq c i  b l o c k s  an3 fr:jni t k e  

-gcsir!elq~ng o f  *efier+or -aK-, Sinc? +fie ---;nm-e- ex?(: r :a ;r~?ccl!, stark.5ng 

I: . - + P -  . - J  'T, 'hi=' ; ~ ~ c ~ r + a S n _ t ~  f r c m  the pcc t~orfce af c'p,~ car,.: w ; ~ ~ l d  be 

s p r o u l m a t e l p  t. C.1 j c:n, 'E,i? zgrees with +he e y x r  er; tbmzed by conside~ing 

the prssltle rarlatlras I c  3he width o f  z!le a i r  S p K E  h f ? t b ~ ~ e ~  The core a d  

reflect~, S l t e e  .the maxi-nun f luctuztaon of the ?pace FJ;IIJ~F* is estimated -to 

':o i. C o l t ;  cm ?:om rhe mem xrailAe, +he uncer ta i r~fy  ~ r ;  the r e f l e e t a r  aavlngs 

: ~ c , ~ l d  be "10.12 cm, as daa.ermir,cd from Fig.are L o  



C WARISON OF EXPERIMENTAL AND CWmD 
VALUES OF REFLECTOR SAVrnrn 

Five computer programs were used i n  obtaining the  reported anal*ical 

r e s u l t s  : HFN, 'l', DTF, ( 2  j THEIWOS, (4 GAYTEC, (5  EGGNIT, ( 6 ) .  Each calcula t ion 

required the  use of a t  l e a s t  two programs: one t o  generate the  cross sect ions  

and the  other t o  solve the  di f f is ion t ranspor t  equaticns, GAP4ZC generated 

18 grzup cross sectbc~ns f o r  the homogeneous uranyl n i t r a t e  r e f l ec to r s  and 

punched them onto cards f o r  use i n  W and DTF. For the  uranium-water l a t%ices ,  

EG~TIT,  a modified versian of GiUlTEGI, was ksed 'Qecavlse P",erfsms a b e t t e r  

rcSonaace Tncegral f o r  l a t t i  @e cfalelkLat:or~s, Since EGGHIT uses only orre t h e m 1  

group, !2HEEWOS, which uses 30 t h e ~ ~ m . 1  groups, should produce b e t t e r  thermal 

parameters. THERMOS data  was s.ldbsti,tuted f o r  the  thermal. parameters i n  the  

pmxhed EGGHIT cards, 

Cross sect ions  from the  above three  codes were ~ s c d  %n El?N and RTF t o  

calcula te  tine c r i t i c a l  dimensions of the  re f lec ted  systems, HFH solves the  

multigroup, m l t i r e g i o n  di f fus ion equation i n  one space dimensson while DgF 

so: ves the cmrespondicg t r a ~ s p u r t  squat: ox: w l  th a ~ i s o t  rspxc s::attering. 

CObPMZSQ% -OF HIT, DE!, mD mix"U&l?fE:T) C ~ . O l D  E-VEI imtPAL D4.24 -- 
Both h m d  aand overestima-t;e the  ura3ngl r l i t r a te  ~?"eflec+,c;r ~ a ,  ings of ar, 

end-refl-ec-bed Ri02-polystyrene core, Table 2 gf v s s  values f o r  coxnparism, of 

calculaxed arid experimental r e s u l t s ,  P J ~  19.2 cm of ~ e f l e c k i o n  BrTJ araP%ea arc 

0,4 to 0,9 cm (10,-20$) l a rge r  than the  cxpm:*mentah T%~uE"-, DW does i;e%tzr by 

giving vahes only 0.1 t o  Q,5 cm ( ~ - L C $ )  high, b/ltlch o f  %his discrepaacy probably 

r e s u l t s  from Lmproper leakage corrections by the ccdes. 

A difflcu1j;y e x i s t s  i n  t he  inTerpre%atlc:: of' %he experirrerilal d a ? ~  f o r  

23 5 2.14 wx$ bT enriched uranyl n i t r a t e  - the ?"c;;??,ec.tor savings st 394 g ~ / l f t e r  

was s l i g h t l y  l e s s  khan the  valxe a t  216 g T:/~LL,F~T (set; Figlre 63. ID ~&?aapari83?n. 



~ickness Concentration Density TEFUCFOR SAKIXGS &CM) 
( e m )  63 U/R -- ( ~ 1 ~ 4  - H/U Experfmeat,al m- IEN - - JEF 

Water 

4.7 Water lo0o - - - 3.60 'm -- 
906 

I I 9 1 5.icO 4,50 4,17 

1g02 
1 11 

5.93 L o  511 4.22 

2.14 ~ t $  255iJ Enrichment 

1 27 105 3 ~ " 8  

l i 11 h,;L 

11 1 4,50 

132 59 4 4"Cb 

3.04 wt$ 235~ Enrichment - 
h ,7 $50 + 20 1073 4 0 3 0 - L  - m L  - 
906 s "  Y C  t I 11  ke67 mu-  - - - 
19,2 I I 7 1  s I 5 I 

yol7 6,22 5074 

h , ~  870 + 15 1,65 8,2 2 086 k- - ,,, 
19.6 I I  tr 2,42 --- ---  I9 

19,2 ! I  8 1 I S  1 1  
5.00 .x L.,e w-m 

*values fo r  394 q IT/A appear low r e l a ~ ~ i l ~ e  to other rneasu~ements, 



wir9b the  r e f l e c to r  savixgs f o r  water and  he values of reflleckar ssvings fcr 

con~er,.t,sat,ions of 216 g u/l:t,er and 596 g u/ii . ter,  the  ref1eci;or savings f o r  

the 394 g ~ j / l i t e s  solut ion appears too small, although She precise  reason has 

n s t  teen deeemined. Calcuiations do not  s h m  a d ip  i n  the  savings vs. concen- 

%r.a-tr:2r- curve a% t h i s  eoncentration. 

Rlcheyi7' examined water- reflected,  well-moderated PI;(N+)~ spheres and 

cy i i r a e r s  cf low 2 4 3 ~ ~  rsotopic e ~ r i c h e n t  a d  eonciuded t h a t  the c r i t i c a l  para- 

,re.t;e~s ~ o d . . d  be repr2duced u s i ~ . g  ElFfa wi+h a good degree of accuracy. b n s e n  (8 ) 
240 

~;t,.dSried. well-moderated pl~~.tonfum sys+,ems of Pu i sotopic  enrichment s 25% and 

Inmd Hm Lc give qui te  a c c ~ s a ~ e  s i z e  de+emiPzzatEt;r, f o r  a l l  geomet:fes. Cal-cu- 

1% +~ - -  , (.ye - of ~ r ~ d e m o d e r a t e d  systc%s of 240.% i ~ o t ? p l " c  em;c?mert r l2$ ?&ing DTF 

give reasonably goad agreement ( t o  about l. C$ ) for  all geometries, excep-brref l e c t ed  

s l ab s ,  This f a i l u r e  with r e f l e c t ed  s labs  is the  r e s u l t  of GAMTEC-9% no t  accounting 

Pcr tbe spec t r a l  s h i f t  f o r  t h i s  geomet"ry when averaguzf; the eriergy-dependent cross  

set! t,j czs . 
DISCUSSXOX OF SPKERICAL LATTICE CAXL~MTIOMS 

BESCRTPTIOK OF SYSTEMS STUDIED 

J'j:e elp:t reacLive forK ~f slight2.y erhricl.ec7, uxir,lum PS 8 l a t t i c e  of 

the 2.a,a,tt;9,ces gL~rea i n  %bie 3 ,  a s e i  of Ci;rr;.;3s was genera,%ed ).astog HmT gi,vzrg 

the aa,.i;irai,~s for re f l ec to r8  of t h i c k n e ~ s e s  of !xp tc 50 can ar.d o f  I I ~ ~ T - S . ~ ~ I  soncer~- 

t-s tic-ns of up t o  l0GO g ITJ/liter, Table 4 1fst.s the r e f l e c to r  ci>rnp~i;lticras used. 
'3 

The enriehmer~r, of r e f l ec5cs  and COTE a r e  kept the same. Using j. 0 ar.d 5.0 vt$ L 3 5 ~  

er,~.'fc'.ied iirdanyi n i t ~ a t e ,  se7rertal DTF ckeckpair~ts were canpute5 acd agreement %litin 

I D T T  i s  -PeT,y gc>od. Wf~h  20.5 em (8-inctA! r e f l e c t c r s  tae e;wo codes agree v f t h  eac:n. 

other t o  less Lr;tr, '1.3 mi fo r  ail .  c o ~ c e ~ t r a t i o n a  of u~rzniurr, 1-c- the ref iec%ors ,  



P&r.arii:ters Used ii: C a l c ~ ~ l a t i o n s  far Spherical  I a t ' t i ces  - - 
235u Rod Center-t.o-Center 

Enrichment Diameters Spacf ng Jc 

bt$> kmks  (@m> 
k 

1., 
P 

Composition of Uranyl Nitrste Reflecto-s 
Used i n  Spherical  b t t f c e  CaicubaZions 

23513 
d 2y U/J H& kw ac 
-A 

L O O  200 125 0,710 

1 1  400 5805 0,972 

I t  Goo 36 1.106 

1 1  8 00 2L 1.170 

3 ,  1030 0 10215 

I r  

Calculated by GAMTEC-SI 



KFV crampu%ed c r i t i c a l  r a d i i  of f u l l y  water-reflected s p h e ~ e s  shown, i n  Bible 5 

a re  up %o j$ larger  than the values reported by This difference 

r e f l ec t s  the d i f f i cu l ty  of obtaining proper energy and space averaged cross 

sections f o r  a l a t t i ce .  b t t i c e  cross sections must be f i r s t  averaged over a 

uni t  Lattice c e l l  before they can be used i n  HITo 

Comparison of HFN-Calculated 
Water-Reflected Radii and Re~or ted  Radii 

Bare \later Reflected 
Critf  c a l  Radf i CriLbcal Radii 

( @ m >  - (em) 
2 3 5 ~  &richmeat 
- (w%$ ) L- rn BrnT - E,p-l,?l+ (9  ) 

PARAME ,333s AFFECTING REFLECTOR SAVIXGS -- 
Pammeters inf

lu

encing ref lec tor  savings f a , l l  f n L ~  three categories: 

(1) corn parameters, (2)  re f lec tor  par&meters, a d  {f 7 geometry, Core compoaiE%503?. 

determines She c s r e D s  diffusion coefficient and b ~ ~ e k l i z ~ g ,  A large d%f&efon 

coefffeienh ~ P Q E I U C ~ S  a greatep Leakage probabi%il;y and consequently moye reutrons 

leaving the core t o  be returned by the ref lector ,  A l a r g ~  buefiing signif Lea 

a more reactive core material whose replacement would require a greater  number 

s f  reflected neutrons. ReflecLor comp~sitfon dete&m&es the diffllslsn coe%fi@Len%, 

%bssrpt%on cross section, and m u l t l p l i c a t i o ~  of the re f lec tor*  A large diffusion 

coefficient i n  the refleckor allows the ne~atror~s t o  penetrate well w$%hln %he 

ref lec tor  and decreases the chances of ret>u~'zirg t o  the core, MulLfplicatrion 

increases the w o ~ t h  of the re f lec tor  and correspondSngly increases the savings, 

Absorptior, i n  the re f lec tor  decreases savings. Geometry has a conside~able 



ef f"er:t i7.c ref leckor  savings, s:zn,ce leakage from the sys-t;en depecds g r ea t l y  

on the surface apea, shape and, arravlgernent of the c x e  mater ia l .  

Reflector thickness i s  usually chosen a s  the  indeper~dent var iable  and 

a l l  c ther  parme5e-s a r e  held c m , ~ t a n t ~  It is  &is; i c s t m c t i v e  to ehsose 

c the r  indeperdent w,rfablea,  such a s  &, of the  reflector and. emmlr*e t h e i r  

effecaz on the  refleis,orj savings. me rnore imporrant. var iables  a r e  the  

(a 3 Ref l e c t o r  ghickxiess 

Y 3 r i a t i ~ n . s  sf r e f l e c t o r  savings w i t h  r e f l e c t o r  thickness depend 

great ly  o~ :he xa.r,$rjrn c.cccen-trat;on and enrichmen5 (see Figures 7 - LO), 
Ten cenfznlau;ers c f  wa tew lnas a r e f l e c t o r  s a v x g s  which i s  mere t h a r ~  95% 

of its sixl.mum .cral.i-ae. When enriched uranyl n i t r a t e  i s  added t o  t he  

?rater, a, g rea t e r  % h i c h e s s  of r e f l e c to r  is  r e y i r e d  @or the  r e f l e c t o r  

savings t o  reach 95$ of f ts maximum value. \hen  k, of the  r e f l e c t o r  i s  

greazer Lhan ucf f y ,  there  is rio l o rge r  an asymptof~fc approach t3 a cons%ant 

'ralue. Sns%ead, an in f lec r ion  point i s  reached on ?*.he r e f l e c t o r  sa7:~-ngs 

cucve bey3cd which the  slope of t he  C ~ I T T T ~  -Enrxeases with ir,cressfrs 

(b ) Ref lector iiran<um Cc~acen+ration 

Vranim concentrat.ror influences both The aoaerat lon scd ~ k e  r , e ~ t % a n  

n l t i p l i c a r , i o r :  of the r e f l e c t o r ,  lTariaY:,i,s ic mode?atl?:, &fisc+,s 39th 

%he ;peetuiur, 2f the zeut00n3 6-3 t~Xi1F38 tr tile ccr? x?d xne neU-l;kk?M S ~ ~ C . ~ Y ~ ; U S I  

wit5fn the  r e f l s z t o r ,  Neutroc r ;?ulr lpifcatior~ w z t h ~ n  the r e f l e c t o r  i s  

aSfec5ed by :he 2 J 5 ~  ~o;~cer.rrai lon and ?y sbLe raatvcu spectrum. 

( G R e f 2  eczc-~. Urar - i~ .~r~  Ek.rLchn1ear 
PP *- 

Psr ld.xanium concentraclcns u; 2 3  i013Q g 128; ; te: avld r e f l e c t ~ ~ .  thickzeas 

l e s s  3har~ 10 em, t;he r e f l e c to r  szlv~rigs i~ 5ri l r L + e r . s ~ t i ~ - e  flnl-,e+.i~n of en~ickL.~ep+. 



(see Fiq~n-e 13)  in the ranze of enrichments considered, Larger -thlckmesses 

of r e f l ec to r s  show a much grea te r  influence on r e f l ec to r  savirgs a s  t he  

enrichment 9s changed (see Figures 14-16), 

(d ) Ref l e c t o r  Tnf i n i t e  Multiplication Constant 

Tbe s imi l a r i t y  of curves of km plot ted aga ins t  r e f l e c t o r  savings 

(with r e f l e c t o r  thickness held constant 1 f o r  d i f f e r en t  e n r i  chments can 

be read i ly  seen i n  Figure 17. A s i r ~ q l e  curve could be used t o  approximate 

a l l  of these curves t o  a f a i r  degree of accuracy. Curves of lower enrich- 

ment 1-i.e s l i g h t l y  above those of h i , ~ h e r  enrichment, primarily a s  a r e s u l t  

of" differences i n  moderation, 

( e )  Core ~smpos i t ion  

Reflector savings depends on core composition, Figure 11 shows the  

savings f o r  600 g  liter re f l ec to r s  of 3 , O  and 5,O w t $  2 3 5 ~  enriched w a n y l  

n i t r a t e  t o  be g rea te r  with a J. 0 w t $ ~  2 3 5 ~  enriched core than f o r  a 5.0 wV$ 

* 3 5 ~  enriched core, Both of these r e f l ec to r s  have a hydro(gen t o  uranium 

r a t i o  of 36, indicat ing t h a t  H/U of 36 i s  a more oplim~m refLector moderation 

r e l a t i v e  t o  the 3.0 w t $  2 3 5 ~  enriched core than r e l a t i v e  t o  tihe 5.0 wt$ 2 3 5 ~  

eLractn~d core. A waser r e f l ec to r  produces the same ssvivags for both of t he  

above cores, 

( 1 )  J. R e  Lil iey.  Computer Code HFN - l4ultigroup, Multiregfon Meutron Diffusdor, 

Theory i n  One Space Df mension, l3.J-71545. General E lec t r i c  Company, 

November, 1961 , 

( 2 )  KO Do Lathrop. M"F"-IT6 - A Fortran-IV Program f o r  Solving the  MuLtlgroup 

Transport Equation With Anisotropic SeaL$eerixzs, LA-3373, b s  Alamos 

Sc i en t i f i c  h b o r a t o ~ y ,  July,  1965, 












































