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NOTICE

This document contains information of a preliminary nature
and was prepared primarily for internal use at the Oak Ridge
National Laboratory.  It is subiect to revision or correction
and therefore does not represent a final report. The information
is not to be abstracted, reprinted or otherwise given ,public

- dissemination with6ut the approval of the ORNL patent branch,
Legal and Information Control Department.



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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LEGAL NOTICE

This report wos prepare*os an account of Government sponsored work. Neither the United States,
nor the Commission, nor any. person acting on

behalf of the Commission:     A. Makes any warranty or representution, exprebs or implied, with rgpect To The accuracy,

completeness, or usefulness of the information contained in this
rei ort, or fhat the use of

ony information, apparatus, method, or process disclosed in this r,eport may not infringe
priv.ely owned rights; or

B.  Assumes any liabilities with respect to the use of, or for damages resulting from the use of
' any information, apparatus, method, or process disclosed in this report. 4.3

As used in the above, "person acting on behalf of the Commission" includes any employee or.
contractor of the Commission to the extent that such employee or contractor prepares, handles

or distributes, or provides access to, any information pursuant to his employment or contract
with the Commission.
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SUMMARY

Estimates were made of the amount of neutron poisoning, in the form of

boron rods, required to maintain subcriticality in a tank used for dissolution

of solid fuel.elements.  The tank under consideration was a cylinder 19.5 inches

in  diameter  and  6 ·ft in height. Maximum concentrations   of  fuel and fertile

material resulting from dissolution of various.type fuel elements are given

in Table 1.

Table 1.  Composition of Solutions in. Dissolver Tank

,
Fuel Element Composition Enrichment Ratio Max. Conc. of

(g/liter)
Fertile Material

C-·
Con. Edison Outer 7% UOa O.070  g  u235/g Th .250

Region (93% Enrichment)
93% Th02

Yankee Atomic U02 0.0267 g u,235/g u238 952
*

*
NS Savannah U02  0.0434 g u235/g u238 912

Below the maximum concentrations listed, it was found that the limiting poison-

ing roquirements are associated with dissolution of the NS Savannah elements.

About five 1-inch diameter rods appear necessary:  a centrally located rod and
..4

four rods in a square array each about 5 inches from the central rod.

*
Estimated for double-batch conditions

.
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RESULTS AND DISCUSSION
' '

It was convenient'to use the following approximate method of calculation::

(1)  Determine the potential multiplication factor for an infinite

square array of rods inserted in the fuel solution.

(2)  Correct the infinite multiplication censtant for the neutron

leakage from the tAnk.

For each type of fuel element listed in Table 1, the poisoning effect was calcu-

lated for a range of solution concentrations.  The poison rods were assumed to have

the neutron absorption characteristics of natural-enrichment boron.  The results

are given in Figs. 1, 2, and 3, where the neutron multiplication is plotted as a

function of concentration of fertile material.  In each figure the rod diameter

and the mass ratio of fuel to fertile material are constant.  The rod pitch is

the center-to-center distance of the rods,  The neutron multiplication is given

in terms of the product of the thermal utilization (f) and the resonance escape

probability (p) in the fuel solution-poison rod cell.  The b»sis of the calcu-

lation of fp is discussed in reference (1).  Using the modified one-group criti-

cality formula:

925 fp= 1+M282
2

the critiqal upper limit   of   fp  will be given  by   (1  +   M2  32)/9      -      With  M    a   32   cm2;
..\                                                                                                                 25

425 = 2.08, and 82 equal to the geometric buckling of a cylinder, 2 the limits ob.

4 2
tained are shown in the figures as dotted horizontal lines.  In calculating B ,

6 inches were added to the height and diameter of the cylinder to account for

the reflectivity of the tank enclosure.  It may be noted that the infinite medium

limit would be a close approximation to the limit for a large tank.

. . _                                                                                                                                                                                                   . .
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The calculations indicate that the,limiting cases are the NS Savannah

fuel elements, for which the talnk would require about five 1-in. rods, one            ·

centrally located and four in a square array about the center.  These rods

should be spaced about 5 inches from the central rod.

Comparison of the calculations with information obtained from critical

experiments are necessary for determining a criticality safe design for the

tank.  In lieu of experimental data, the above calculations should be used

only to indicate the feasibility of poisoning the tank by internal rods.

.

REFERENCES

1.  B. E. Prince, Dump Tank Criticality and Poisons for Slurry Reactors,

(ORNL report to be issued).

2.  S. Glasstone and M. C. Edlund, The Elements of Nuclear Reabtor Theory,

Chapter  VII,  D, Van Nostrand Company,   Inc,, New Yorkt(1952).

4

gcb



..

1  5  -it-*137»131- -litittl' -   11    1       1      IJ 11-1--4-»ittlk'AR-1712' ilt'17. 1111»iX,IL,i_Irtii'%'lil ]F  t-#Ablt 1-L'   »4+ +1+1. lili 1 1   1

IT  F--7-

23;Eli
-

11-1 : 1        7--I.11 -f  -F,TJ-t tj I      u  ,  Ir  ___
I

-13'  =i  %  =1- 111-rE  itt      ilt

c' 'u'Ki k:w,    14 ,,  11 <, 11  *pr
L             4 -1-

-4  1  --=F 1-1-- -111

t    ' '1.      1   ,                                                                              3114

,

1                                    L'   11    .  .1*-4     i-  ;rk--1   1,      1         , '       '  i       ,            f    I          '1    T            
'

71-11-1

-  ffit-=. t_'R +Fa .liT tr   -*FE*EMah'-         11   It Flf    ltf-    .1    11

1

Ill" ' ' I

44--1.-414 9,»14.1 i.*1 - i

it. -i -1 44+7, ,  T < L  it   iti  1, t,44,  1,1  -,»1»'» -I   f.-1   1 ,1 1    14'  11         1    LI  142   I,i,4'-1-I  IMI,»
1 + .-.   1  -1

|1|

lt- 1Ht' t 11:14 fe     -1't  »*111 «iii+ -  C1E ' It 'ttlt,« t'- '4, 111  1 -tt' IT,ttl'I-t'  11it    I l ,i,    <4-4-14-JI» --'    »-1»   i.fls  -El 7-

-4 +4-1-$=1=44

   ---   ,-,mt _t- I     -1 14 -lf   9 %-i  11#  I » _            It=[ 4/2    -         i-     h        2-'  ft_+1         _

4=1= t==ttltr-_al   '1= 1   411  =1-1-tr'  ttit-t=:LI;•43"-+t  "+t#1--
=----7- 1'".   --fl'%4*IFI :5= '23-:5·i-jEit 5 '11-tril-t'33--3  -1.ri_It   : ,r   w 1 I  34* T  1
tii:'3-f,lt-21  '91-4- fttit-rf-4-'  Itr f: 1-23-Ii ift.    It:  'fl   I   11:bltilt- ti »'th: 111:1 +i- 41 ittim ti=ttt  -I31-titi®i titi-Ii  i, il -11 1  111 -jl f 'I ik_ 1 1    19 1,4-'TI    I, 
Im ]Mil.-11Ii"ilI:: D:1 11]]-- ,£1 '11]- '+I  1- t H kil: 2,1-I]'  ·'11   :5 p ---' 14.t: ti  ®-'Ii]-riyti{' 111 i-1«-t ]-t  -Lb-:11 1 itif -41  j i]b. hjitF· Fl i i] r  1 1 TY |.ji_1 # ill] tilt
0 500 1000 1500 20oo

URANIUM CONCENTRATION (  2 /1,ter  



1.0

193-1 Ill  Ill 111111   11  1111111' Ill, '111111111111111111 ''11.111111.1 lilli.1. III rllilI  - 1111111 ,MI .1111,11.1 1   i

11    It Ill
-4,  1 1  I  '1 1'  i'     ·          1  ·1-1+1- ,+1411   I         tr

1 --4-_  i -==EEtt

=-4--411 MT#3&
=E» j     -«te'lk *6 liE

m//9   11„11    Ili#3 plit
1 4    ,  41 1 4 W# m

dE- el

-tlr                           1 1:      , ,-  „    -111 ,  .PIE*6                + ,    2/ WEEUTTE/,rjr, i
-»+1,-1#k  4#1 »# 1 4 =*FR,     I Sit= 14 IR 1 31

 31#4-16 14,1tt»it»t HE,121»lt-EX':  1  ir-    111  "li    lli   ..  lili  '11    .11'   1111  11     .1--.flit 1---   I     Thfll»'E!Etrk *I         »-- -  I             =121*  1=4--25 t*Bt   el=*ERI   -D-, ,  ' »»'.1, .r,Il   '11 1.1141,qt 1.111 111.1+ fil: '11  '                                                                      - - -

ttil:lumtitly ttit  lt'fll,tt im.  f =rit# tflt   "IN»lt' t,f#-1 111»t-Ad#  tti*        4##*1*4* 4 4, ,  th t-  ,4I_*t=itg
·Flfte- Ist:1 ' Ilt*'ttl'*9'41111--11111111',  *i  11_ i'  1--jil=   liit  ""  ::vw   1-[i: fiti-. 

1--4 MI  'Iit- S   1114 1 01.11£:il#  -I 1-1 #4-21  11_1111.  I:     II   -Itt]:'1 111-1*1'i».I-1,111  titllifti4-i iii -11,-it'11111« - t if-       mo 

"                 - -*SE*19# 1   *

4, - ,      1'41    ' |   | -*t rt«»_„

1  111      I

-   +1 44(11»  -111=«914 --#-3-- -a--_45-#iNT  h4- 1          &2
»  Ili-411   H.,-tl»     •p i 12  TO#1*  +W-7-  ft*-  61   Et-t  9=          --'  '-4"   ,    1'" t » ,-11 -  t„ft 1-'S;Mf# f  '»t 1=29%    iliMitff   »B  i=    *44-  *# 049,6           ,„_

-   41' ilit_   d *11,  A& <Fi   wi- 2  .--1Lit  #4 l +4  m-61.i-,5-7 2-1   -1 2,$6-*-T E-L -4-        4.1-14
 ItiF,»,  i» FF»f»Fili lit»»2 »fjtl 44 &9 4»tlilt t.'titit#lka- tilit 117 »fl'»,1 1-1-" 131 --Al'-1'4 -*-rl-# 31-2-4,- Ill  1  --,ill,

111    T+

25-311 --35-lifIFFil»,8-4111 --,FI li  411_hemti il;M R fli--Ili-#411# RttiliERtitifftilit di-,i-- il kl ' 1-1 sil ,-i 111-Liti is Illt ,Rit-1 it  fl# li , 95-   #-   11-t =»11. f'1-1111 1111-Nil-0 500 1000 1900 2000

URANIUM  ONCENTRATION ( 9/0,+cr 



. . . - . . . .I.

1.00

11 11|1  1-     111111|11|Ilt   15.  1-    11  1111|   111-    1  IkillilI  j    64$  t--=1*=1 -,1,  -11,1-tt'  tf -Iff-ttlflf t    tiTr »t -111 .lili     1 1

+_l I      itt

111

-

I'  ti  ' i   ft rps=  I IMFI#  1--i#% 111#myIll 'IT.Fll ir.: ar- =- I-  --n   .4 4+-I+--

L.      44--m  14-++-  3-13#11.2:-    32-'t«-4  =25=31«= ,1-:lit  ]           1,1   1         1,                    »

,-_ *zil1t       ./)/W lit

 ttlf,          -           0        1      61 1,1.--1,--fr- -      -   11.31=ilt-fll*'Eft I '» tf-- -i,f-'+ -11K          '11 It 1-111    11 19·1' 1  1111·'',telt , trir ,4       1,

IFi=1,1     -==                                                                                                                                                                   I                                                                                                                                                                             MA_til»%-11'j''il]:1 fiR '411-:1»DR »7  ILimln- 1-1  1»L         »  4»,1»k j»-  t=11 «i»ip#E' 't
Il l#N'11 46»1! mi jakimbi il# 11  Itt 11*NTT  1«11=il  i»-dlt-*»11   »1-r'-1 4#11» *44-1    -  1#14$

14 1!
1*=IFTnt :ID 'lft

-»11,%-%41·11;I  i,,    4 11»4 ttitill &    1,11  1    1  1111    111-- i4E %12 kl 5BJE   k-W    -14i il *I -I l. 131  IL.I,    A-1  Ii,1 :11.imi »11tlj 

O 500 1000 1500 2000

THORIUM CONCENTRATWN ( 1/E)



1.0

'

|| "  1 ' ' ' "' '1 ' ' 1' 1 ' 1!1 1|It" '  " 1,1,  611=-''l,Ulls i lilI .      1.1--

- 1+-»r»- -4--m_.R-Al--
i 11'111      1  1; i Ttl] lil I 11  T.ti       11   1_1___» 1-1-1-fi  zE11_LLU__|Ii_ 1111    | ' 4   1  1, i -2

1

1 1 1   :         .1 1 1  1 lilili :   1 tltiill]TI-»111- ®«  -tkiR16%9  -Itmr#ElIELd tium    I-I»f- rE# t„1      =   =1-I . 04«1£«*tit,1  Iit»3311-Il,»419-«1#-*lill--fi*4"-111 ; -*1#28%r#   SE d  i    

wht--- #45242'TRAi,    1   - fltti_  3-14   -     --    «+51*4,-11-,3rt#& 0-441 ' 1'=Ilt 13-i't'I»

- - *7--1.---4--7-- --   8=

I        *31-3 -111.1]1[1 "ii41-,1.-filiI't#Trel I »»ERL= st]*MIFFE!_i»i        -41      '   t.1"i»414»3«tttIHF  i,14-F.21-11&111'.,6r  d-     =    -  -4 11-4 - ---.#FIFFE*imi 9     -44

111         ,-             --     -11'f  SE=i rt·i, iltt=t  ,2ri„i,                  6 -4

4=$- - F--  ut:Itt #=it ftl.1 "
--+»» =« Qk#51*2%+f#L#w#7w#,FEM:1*im,MA-       1 11*Rf,p-#*EQ:t  -    '  -ttfitt,14*51:F1LKHTE+#-F

»WK Zt» mdi#31 -. 'llit»F«1 '-                 6£4%-:                     1                                  »            ,                             -                           _j,·  - i-**24-

Et»_S#1-121-th- 1-111 11'tif ' tlE ¢112        r., I    - 1'=6:e .1 11-- . .1   . - -

 . *i, .  «i I *ilt--_._ -'0_ttil           pl :i

1-&41                       
tt»

S« ESE«-}liHI'Fil *#1. *724444 *tt,1 +AL#p u_li         I .4 « 1  ]t=* 4 46  IL  IllNIJ  I,#44

t#Mt »lit t#PIFi       4  -           :2            -
0 SOO 1000 1500 2000

THORIUM CONCENTRATION ( 9 it)

...                                          I   .



. )           ' .            . .0

  F 41  
 t

111, Ii,   11, 11 i

+ 41 4 +74

44,    ,             -1  1;11--1

15
11  Hit     11

1414

41211 =11- _i 1 1

-TE-4,   lr-'T= -     1 H + 73 %11     -itt     1  ' -  : ' .   I   itl, d" '-Ii . .-0 --1* 14-F,  Iii- l]liritli- lir' 1...III
:-Ft' 1-1-4= 111  F    -14        ·1=1=£4= +     _   I

17 1*41            1..

--h-t--T-li t tf t' 11 -,-itti-Lt-j  -1- 1 ]-,     1 :    :7  Ii't--4-HA, C-1-'   11-=SIdhi,              -I: .I    --r jll 1-1 'I -   ]1'1fw ttl-161*t- f,-Pt

FEE-+Al,IME<pilit  , fitt'Fltl-
-I--     --4*6'-TT'1-3-  lit  - 1'  41! -1-1-14{:Ittift ,1111-11.11-:11 -5»rTI:,[11* SFR"14 »t » 4 1: , -4 p Ilt[.1 -1£-11#+ IlliTR»i-21-171_ljt

1-,. 1..

:        '1 1      l i V    x3-711   71I SLL--1. ,        ,
1-=144 » Ill  Itt: 

8]1 5 4  =-tit-AP    ]31 , K     -1=K  ,      Trt   '1 1   11='1 44*t    il:'de,MF        4".      15ifiJ4tti#Ni WL,j* f Al.1, %7* -iR %-tie.%E FI '  47  14-i ift«-Ft st,4'iRT Et 'RifEI -t   I,t»F »7 4 -2'ti'.*Er tti
1 11 44 *   -91$12  1litlitmeittjt:tt -tilittl 14:_Fl t' ittm Iti: 16  tll  * *tit 41 tliti:il_EM , t  Flim -* I#*ilm  ittl#W - -it_ st,»ttipjktitti.i - ' 131 

O 500 1000 1500 200o

URANWH CoNe ENTRATiON C  1/ R,+cr)



1.0
-Ill  I . 1. Ililli lilli

1,

'41+1-,11-'1                                                                 '1 1            11    1 1 1      .   1       1 1.  :1     . ,1     11         I f-

ft  t»1 '  4   I"  I i l_ J'I  LI

I

I'll lill   IE  Ill    I
lilI

m  1 1  73[  1.] di
.

,i    --11-tlt=t-„ t - 1IJ:F„11. - 1.t dir- iity -16  =A-»-= ITI
W  :

1.'1 i':2

75 -II=tr-  ·174 ·t:;3:S

t' 1-„- rt-*M--t

1

ftz"· 1, 1»1 L+Tit  tr  .,1-1, 1,1-Til_Er* 13«iN,1.      tit-F-1'1*,MI 711    L'i  '  '  '''   '     

T  El

A

'42144»-1.-1'.ylcr„ **
It

. , i.i. ttiI * . 1    -f
,- l-: 4 4!t »11.241",1 f,  1 1        4• |  - 4+41-4+1-+-" t'-y,· . ,   1, lilI  1 1  .3'.11'.  121· 11   -1

-Itt=IE

H 9n 54
._r-134,11_ 6 *Il'   '- Etr=':t-, - . - 1.,-,1 - 4*4*, -14**ript'..t= -

i'; &435 Illk-=L,«'11.    -r=:r k
14111.11 41 ]  1,1111,  i ·

11'L 1 11  -r' 111 1 11
11

1 + ft +» rl=
» 9#421-Itt WHE-Iltl,TRA    4111, 4 11 ,if»Ii«*1%  tf  ftfR 11   »944*EM    ibip#-*-Ii 4-:I  j  Limft, -t   if'1115.Ilt
#mrwrilll-Gliv  mi-1,164## limitR 9 ,Tn##       .  -1, Illit-t 111 'ti I  i ti,Atm+,  A    «littl iti '-111  1.1000 1500 2000

URANIUM   CON(ANTRArtoN   1/32 



DISTRIBUTION

1.  E. G. Bohlmann
2.  R. B. Briggs
3.  A. D. Callihan
4.  R. D. Cheverton
5.       C.   J.    Claffey/

1                                               6.  H. C. Claiborhe
7.  C. W. Collins
8.  F. L. Culler
9.  G. K. Ellis

10.  T. B. Fowler
11.  W. R. Gall
12.  E. H. Gift
13.  H. E. Ggeller
14.  R. Gwin'
15·  H. F. Henry (K-25)
16.  S. Jaye

17.  P. R. Kasten
18.  R. B, Kersmeyer

'                                         19.  M. P. Lietzke
20.  M. I. Lundin
21.  R. N. Lyon
22., D. W. Magnuson
23.  H. A. McLain
24.  J. D. McLendon (Y-12)
25.  J. Rp McWherter
26.  C. S. Morgan

27.  C. W. Nestor
28.  F. N. Peebles

29-300  B. E. Prince
31.  R. C. Robertson
32.  M. W. Rosenthal

33·  W. F. Schaffer
34.  I. Spiewak

35·  D. G. Thomas
36.  J. T. Thomas
37·  M. Tobias
38.  C. D. Watson
39.  C. E. Winters

40-41.  REED Library
42-46.  Central Research Library
47-48.  Document Reference Library
49-63.  Laboratory Records
- 64.  ORNL-RC

65-79.       TISE,   AEC

p A


