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IHTRA.OELL FIDX TRAVERSES AlO) TffRRMAI. UTILIZATIONS FOB 1.1% 
ENRICHED URANIUM RODS IN ORDINART WATER

By Herbert Zbuts

A bstract; Th« aeasuireaMnts reported  a re  those o f the specia l d istrib D tio n  

o f th e ra a l neatrons in  ty p ica l la t t ic e  c e lls  o f s lig h tly  enriched uranitna 

rod<K>rdinary v a te r a ssen b lie s. Fltix traT erses vere aade both w ith pare 

o a te r and boron poisoned u a te r fo r th e  m oderator. The d e tec to rs used vere 

i l l  f o i ls  o f dysprosium oride d ispersed in  la c ite  o r polyethelene.

Eacperimental Methods; These aeasareaen ts vere began a f te r  completion o f 

those done w ith 1.3^ enriched rods (reported  in  BHL Log Mo. C-7568), They 

vere stopped tem porarily  to  perm it rashing throagh vork v itn  the  1^ 

riched  rods (BML Log Mo. C«793l)» and were then resumed la te r .

As a r e s u lt, the  f i r s t  in tra c e lls  vere done with the  lucite-dysprosinm  fo ils  

fo ils  mentioned in  C-7568. and the la s t  se t was done with th e  polyethelene- 

dysprosim  f o i ls  mentioned in  C-7931.

The experim ental procedures used throughout are  described in  the above- 

mentioned re p o rts .

R esu lts; The measured flux  p lo ts  a re  ^ v n  in  fig u res 1-16. w ith each curve 

so norm alised as to  give the value 1.00 a t  the em iter o f th e  fu e l rod . The 

values o f the  fluxes measured by th e  ind iv idual f o i ls  a re  lis te d  in  tab le s  

1-2?. norm alised the same way as a re  th e  curves.

In  each ease flu x  averages fo r the  uranium and the water were calculated}
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thM « a re  l is te d  in  ta b le  X7I, and a re  p lo tte d  fign re  16 as a ftu o tio n  o f 

▼oluM' ra tio  fo r th e  unpoisoned la t t ic e s .  The flu x  STerages in  th e  uraniun 

vere calcu lated  firaai msBerical in te g ra tio n  o f

^  \  ( r )  rd r
R e

The flux  aTerages in  th e  v a te r vere ca lcu la ted  bjr m m erical in te g ra tio n  o f

« x - « .

0  (r)  being the aTerage of the fluxes on the tvo lines along vhich traTerses
vere taken , v ith  R th e  ou ter d ian e te r o f th e  aluainini rod cladding , and R. , o *
the  rad iu s o f th e  cy lin der haring an area equal to  th a t o f the  basic  hex

agonal la t t ic e  c e l l .  Table X7I a lso  g ire s  the  n e ta l and noderator d isad raa- 

tage fh cto rs canpated fron and

Theraal u til is a tio n s  vere calcu lated  according to

t  *

Here u , v , a l ,  b re fe r  re sp e c tire ly  to  u ran iue, v a te r, aluninnn, and boron. 

The Z*s a re  th e  corresponding nacroscopie absorption  c ro ss-sec tio n s, and 

V ^ a l  a re  re sp e c tire ly  the  v ater-to -u ran iu n  and the aluuinun-to-uraniun 

Tolune ra tio s . The constants assuned a re :
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^  » ,U ^5  ear^ 

2^ *  .0195 

2 ^  * .0115

2jj * .01150 fo r 1 «g Ĥ O

Table XVI l i s t s  a lso  the  th e raa l u til is a tio n s  obtained jhroa these ealeula« 

tio n s . The Talues o f f  fo r th e  clean  la t t ic e s  a re  p lo tted  a s a ftiaction  

o f Toluae ra tio  in  fig u re  17. fig u re  18 g ire s  ra lu e s  o f f  as a  ftm ction 

o f boron concentration  in  th e  aoderater fo r th e  d iffe re n t rolune r a t io s .

Since th e  polyethelene fo ils  d isin teg ra ted  a t  th e  end o f th is  s e t o f 

B easurosents, i t  w s  not possible to  obtain  a good in tra c e ll  in  th e  I t l  

ToltDse ra tio  la t t ic e  v ith  clean v a te r. Hoverer, sm asnrsnents nade in  

th e  la t t ic e s  v ith  o th er Tolmse ra tio s  shov th a t th e  flu x  p lo ts  a re  no t 

g re a tly  changed by the  ad d itio n  o f th e  boron, and so ve hare l is te d  idiere 

app licab le  a  value o f f  fo r th e  1:1 la t t ic e  based on th e  flu x  p lo t nade 

v ith  poisoned v a te r . The e rro r cannot be la rg e , because fen* th is  t ig h t 

la t t ic e  f  does no t depend strong ly  on the  flu x  average in  th e  sn d e ra te r.
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T>bl» I

IntxmesU Flux D istrlb a tlo n , .600 D laM t«r Rods o f 1.15^ Enriched TJranitas 
in  L ight W ster. V hter»to«lfetal VolnM Ratio * 2*950 Mg B2O3A 1

D istaaee frcai Hsasored RenBThs
rod cen ter (inches) r e la t i r e  flnx _______

.000 1.000 Flux

.O U  1.012 in

.167 1 . 0^  ITraniiai

.250 1.138

.378 1.315 Iln x  in

.478 1.383 Mater

•578 1.371 (Diagonal)

.677 1.342

.779 1.386

.379 1.275 Flux in

.479 1.305 M iter

(Center •to«<enter)
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Tabl« I I

In tra c e ll n n z  D la trlb a tio n , .600” Diaiaetcr Rods o f 1«19^ Etarietaod Uranlt 
in  L ii^ t Vhitor. U sta r-to -lfe ta l VolnBC Ratio « Unpoisonad.

D istance fron 
rod cen ter (inches)

.000

.167

.250

M easox^ 
re la tiv e  flux

1.000

1.017

1.068

1.179

irks

Flnx

in

Dranitoi

.372

.438

.504

.569

.634

.700

.765

.831

1.398

1U67

1.525

1.519

1.524

1.511

lJk91

1 .5 a

Flnx in  

M iter 

(Diagonal)

.381

.442

.508

.578

1.424

1.501

1.499

1.405

Flnx in  

H ater 

( C«nter*to-c<mter)
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Table I I I

In tra e e ll Flux D istrib u tio n , ,600* D ia » te r Rods of l*15Jt Enriched Uraniim 
in  TJght  U ster. W ater-to ̂ te ta l Volteie R atio ^ ^ t l .  *993 Kfe H20*

D istance fron 
rod cen ter (inches)

.000 

.00^

.167

.250

Measured 
r e la t i r e  flux

1.004

1.017

1.086
1.185

irks

Flux

in

Uraniv

.378

.442

.507

.573

.639

.704

.770

.831

1.392

1.501

1.520

1.521

1.523 

1.506 

1.479

1.524

Flux in  

Water 

(Diagonal)

.370

0 3 4

098

.564

1.387

1.494

1.464

1.371

Flux in  

Whter 

(C en ter-to -cen ter)
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T>bl« IV

In tn c A ll Flvx D istrib u tio n , •600” D iaaeter Rods o f 1«15$ Enriched Ursniua 
in  L ic^t W ater. U ater-to-M etal Vcluae R atio > A>1» 2.022 Mr 620^^CL H2O.

D istanee fro a  Measnred Reaarks
rod cen ter (inches) r e la t i r e  flux  _______

.000 1.008 Flux

.084 1.013 in

.167 1.056 Dranitaa

.250 1.152

.372 1.424 Flxnc in

.438 1.428 H ater

.504 1.491 (Dimgonnl)

.569 1.540

.634 1.505

.700 1.500

.765 1U64

.831 1.498

.381 1.376 Flux in

•442 1.443 m e r

.508 1.460 (C en ter-to -cen ter)

.578 1,374
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Table Y

In tra c e ll flu x  D istrib u tio n , .600* D ia*eter Rods o f 1.15^ Enrichad D ranita 
in  L i|^ t W ater. W ster-to-M etal Yolxae R atio « i i : l .  2.950 Mg H2O.

D istance froek Measured Reearks
rod cen ter (iTtfhes) r e la t i r e  flu x  ________

.000 .9 U

.083 1*017 1®

,167 1*066 Dranixa

.250 1*U9

,372 1.323 Flux in

U38 1.389 Water

.5 0 t 1*452 (Diagonal)

.569  ̂ 1*468

.634 1*473

.700 1U81

.765 1*479

.831 1.444

.381 1.327 Flux in

.U 2  1.422 Water

,508 1.424 (C en ter-to -cen ter)

,578 1.323
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TabU  VI

In tra c ttll n v x  D is trlb a tlo n , •600” D laM tor Rods o f 1.15^ Enrlehod Dranit 
In  Llfl^t W stsr. U stsr-to-M stal VoloBO R atio » Unpolsonsd*

Distaneo trxm 
rod c sn ts r (lachos)

.000

M

.167

.250

Msasnrsd 
ralattra flax

.982

1.013

1.053

l.U B

Rcasurks

Flax

in

Uraniua

.376

.U 5

.518

.590

.659

.730

.798

.868

1U^7

1.555

1.601

1.616

1.572

1.578 

1.591

1.579

Flnx in  

Wtetsr

(Diagonal)

.375

•U 5

.5 U

.583

.655

1.568

1.592

1.565

1.423

Flnx in  

U&tar 

(CsDtsr <iito-conter)
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Tabl« T II

In trac ftll FltDc D istrib u tio n , *600” D laaster Rods o f 1*15^ Xnrichsd Dmniioi 
in  L i^ it V nter. V bt«r-^<4fetal ToltnM R atio * 4-tl* Dnpoisoned«

Distanea fto a  
rod cantor (inehas)

.000

.063

.167

.250

Measored 
r a la t i r a  fltp t

.979

1.019

l.OftO

1.171

ks

flnx

in

Uranitai

.376

.518

.590

.659

.730

.798

.868

1 .0 3

1.535

1.639

1.587

1.608

1.59^

1.553

1.615

Iln x  in  

Uatar 

(Diagonal)

.375

.5 U

.583

.655

1.00

1.559

1.595

1.548

1.473

FLttz in  

U atar 

(Centar « to«eantar)
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In tra e « ll Flux D istritu tlo B , .600* ULsMter Rods o f 1.15% Enrichad U ranim  
in  L ight V htar. Vatar>to«Mstal Ycliaio R atio * ^ t l .  1.911 Mg 820^ ^  H2O.

fiiataxKM from Maasured RaHBx^a
rod c aa ta r (iiiiA aa) r a la t i r a  flaoc _______

.000 1.000 Flax

•O&l 1.028 in

.167 1.069 Dranitoa

.250  1.178

•376 1.377 nux in

•U 5 1 . ^  Watar

•518 1.A79 (Diagonal)

•590 1.591

•659 1.587

•730 1.522

•798 1.500

•868 1.530

•375 1.383 Flux in

•U 5  1.503 Rhter

•51 i 1.539 (C entar> to-eantar)

.583 1.528

•655 1 .U 5
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Table IX

I n tn e e l l  flu x  D istrlb a tlo n , •600" D lu e te r  Rods o f 1»15% EnrlelMd Uranltas 
In L ight W ater. V ater-to-M etal VoltoMS R atio » A:l* 2.920 Mg B20^>^ RjO*

D istanee fron Measured Reaarks
rod cen ter (inches) r e la ti r e  flu x  _______

.000 1.017 Fltnc

.08^ 1.015 In

.167 1.052 Dranitoa

.250 1.151

.376 1.350 Plux In

.U 5  1 . ^  Water

.518 1.513 (Diagonal)

.590 1.521

.659 1.528

.730 1.5i^7

.798 1.557

.868 1.571

.375 1.320 n u x  In

,U 5  1.501 Water

.5 H  1.507 (C en ter-to -cen ter)

.583 1.409

.665 1.372
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Table X

la tra o e ll Fltnc D is tr lto tlo ii, *600” Diaawtar Sods o f 1*15^ Enrlebed Uranltni 
in  L ight H ater. H a te r - to ^ ta l  Vclioie R atio * ^*1, Unpoisoned.

D istanee from Measured Rs m i^ s
rod cen ter (inches) re la tiv e  flux  _______

.000 1.000 Flux

.08ii 1.025 in

.167 1.080 Uranitai

.250 1.182

.375 1 .U 2  Flux in

1.550 Vater

•513 1.631 (Diagonal)

.582 1.666

.65^ 1.688

-723 1.705

.793 1.700

.866 1.685

.93i^ 1,659

1.006 1.691

.370 1.386 flu x  in

•A41 1.58? H ater

•512 1.598 (Center •to .c e n te r)
•581 1.660

o651 1.678
•721 1.626
.791 1,^91
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Tabl« n

lB trae« ll n « x  D lstrlb a tio n , .600 Diajaeter Rod* o f 1.15Jf Inrichod 
In  L l^ t  Ite to r. V ater-to-4fetal Voluae ^ t l o  -  4:1* 1*300 Mg B2O3/MI H2O.

D lrtanco tram Measured R«Hark*
rod cen ter (inchoa) re la tly e  flux  _______

,000 1.000 Flux

.084 1.016 in

,167 1.065 Uraniun

.250 1.190

,375 1.454 Flux in

,444 1.536 Water

.513 1.633 (Diagonal)

.582 1.617

,654 1.695

.723 1.742

.793 1.761

.866 1.762

,934 1.808

1.006 1.713

.370 1.436 Flux in

.441 1.569 Wbtar

ji512 1.656 (C entoT oto^enter)

.581 1.678

.651 1.602

.721 1.591

.791 1.452
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Tabl« n i

I n tn e e l l  flu x  D istrlb a tlo n , «600 D iu s te r  Rods o f 1*15^ Enrlchsd Urftnlw  
In  I d ^ t  Vktsr* Vbter-to«M etal T o ltm  R atio > 4-tl* TTnpolsonad,

D lstanea fra a  Measnred Reaarks
rod cen ter (inches) r e la t i r e  fln x  _______

.000 1.000 Flnx

.08^ 1.012 In

.167 1.076 Dranlna

.250 1.172

.372 1.432 fln x  In

.463 1.600 IJbter

.552 1.671 (Diagonal)

.644 1.707

.734 1.763

.824 1.740

.9 U  1.753

1.002 1.745

1.094 1.746

.377 1.462 Flnx In

M  1.658 Water

.55® 1.701 (C en ter-to .cen ter)

.648 1.744

.738 1.730

.829 1.612

.918 1.454
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TtibXm XIII

In tm e a ll Flux D lstrlbu tloB , ,600 D iaaeter Rods o f 1.15^ Enrichad Uranitai 
in  L i^ t  W&ter. W atar^to-Matal VoltaM R atio * Ail .  o3M. Mg BjO /̂ICL HjD.

Distanoa fro a  Maasoired Reaarka
rod caa ta r (inehas) ra la tiT a  fltix  ______

.000 .991 Flax

.08^ 1.036 in

.167 1.084 Uranitai

.250 1.211

.372 1.452 Flax in

.A63 1.651 Water

.552 1.694 (Diagonal)

.6 U 1.775

•73U 1.787

.824 1.774

.9 U 1 .8 U

1.002 1.895

1.094 1.898

.377 1.453 Fltxz in

.469 1.611 Vkter

.558 1.687 ( Gantar<.to-een t a r )

.648 1.752

o738 1.749

.829 1.651

.918 1.474
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rmhim n v

In tra c « ll Tliix D ls trib a tlo a , *600 D iaM ter Rods o f 1«15K Enriebsd Vranivs 
in  L ight v a te r . W ater-to-M etsl Volnae R stie  » i : l .  .746 Mg B ^ /N 1  IL^.

D istance tram Measored RssMxics
rod c ea te r (in ch es), r e la t i r e  fiw r _______

.000 .999 Flux

.08^ 1.019 in

.167 1.078 DranlTm

.250 1.199

.372 1U43 Flnx in

1.651 v a te r

.552 1.677 (Diagona]

.6 U 1.752

.734 1.784

-824 1.758

.9 U 1.780

1.002 1.734
•

li094 1.807

.377 1.504 Flax in

.469 1.730 v a te r

.558 1.748 (C eater-to.<

.648 1 .7 U

.738
I 1.742

.829 1.602

.918 1.455
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Tabl« XV

In tra e « ll Flvx D istrlb a tlo n , .600 D lavetsr Rods of 1*15^ Enriched UranivB 
in  L l^ t  W ater. H ater-to -«etal Voluse R atio * 4 :1 . 1.300 Mg BgOj/kl

D istance ftron Measitred Rsaarks
rod cen ter (inches) relatlT C  flv x  _______

•ODD 1.009 Flux

.083 1.013 in

.167 1.059 UraniiBB

.250 1.165

.372 1.377 Flvx in

.463 1.543 Whter

.552 1.630 (Diagonal)

.644 1.702

.734 1.671

•824 1.706

.914 1.718

1.002 1.647

1.094 1.759

.377 1.373 Flux in

.469 1.525 Water

.556 1.662 (Center>to<i«enter)

.648 1.684

.738 1.613

.829 1.568

.918 l u l l



Ttb la  IV I

YoI c m
R atio

Tti

Boroa
ConocfBtration

«« V 3
HI HjO

i i ^ a l
Rod

Disadvantage
Haetor

W ater
Dtsadvantagtt

R aetor
f

1» 0 1.319 1.097 1.210 1.103 1.090 .945»

1 2.950 1.319 1.097 1.210 1.103 1.090 .869

1 .5 0 1 .U 9 1.127 1.280 1.136 1.132 .917

1»5 0.933 1 .U 9 1.133 1.283 1.132 1.129 .880

1.5 2.022 l.ii2 0 1.109 1.251 1.128 1.135 .840

1.5 2.950 1 .U 5 1.112 1.240 1.115 1.141 .809 1
2 0 1.527 1.109 1.250 1.127 1.222 .888 '0

2 0 1 .5 U 1.124 1.252 I . I U 1.209 .890 1

2 1.911 l.il7 2 1.125 1.275 1.133 1.155 .800

2 2.920 1.450 1.108 1.251 1.129 1.159 .758

3 0 1.565 1.135 1.290 1.137 1.213 ♦«42

3 1.300 1.597 1.133 1.292 1.140 1.236 .750

0 1.643 1.129 1.285 1.138 1.279 .793

4 0 .3 U 1.670 l.U O 1.290 1.132 1.295 .760

4 0.7A6 1.670 l.U O 1.290 1.132 1.295 .727

4 1.300 1.593 1.116 1.27$ 1.142 1.249 .690

*Not ■«asar«d d ire c tly *  See te x t
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THERMAL NEUTRON FLUX INTRACELL TRAVERSE 
.600" DIAMETER URANIUM RODS 

1.15% ENRICHMENT IN LIGHT WATER

ALUMINUM CLADDING
2.0

URANIUM WATER

X3
_JU.
UJ
>

_J
UJtr

1.2

0.9

1.0
INCHES FROM ROD CENTER

Fig. I
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THERMAL NEUTRON FLUX INTRACELL TRAVERSE 
.600" DIAMETER URANIUM RODS 

1.15% ENRICHMENT IN LIGHT WATER

ALUMINUM CLADDING

WATERURANIUM

LlI
>
h-
<
_J
UJcc

0.9

1.0
INCHES FROM ROD CENTER

Fig. 2
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THERMAL NEUTRON FLUX INTRACELL TRAVERSE 
.600" DIAMETER URANIUM RODS 

1.15% ENRICHMENT IN LIGHT WATER

r f -  = 2

ALUMINUM CLADDING

2.0

URANIUM WATER

<  1.3 —

1.0

0.9

INCHES FROM ROD CENTER

Fig. 3
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THERMAL NEUTRON FLUX INTRACELL TRAVERSE 
.600" DIAMETER URANIUM RODS 

1.15% ENRICHMENT IN LIGHT WATER

ALUMINUM CLADDING

WATERURANIUM •
2.0

1.9 —

UJ

_i
UJ

0.9

INCHES FROM ROD CENTER

Fig. 4
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THERMAL NEUTRON FLUX INTRACELL TRAVERSE 
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