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SUMMARY                                           -7.

The reactivity changes resulting from slurry settling have been

computed for a number of small· one-region slurry reactors using an
IBM-704 routine.1  Calculations were performed for three temperatures,

two  sizes,  and  f ive initial thorium concentrations.

In general, reactivity additions on settling were observed which
decreased with increasing thorium inventory, increasing temperature,
aiid- decreasing diameter. For example, at 1000C a 2.5-ft diameter
"84uire" cylinder (height equal to diameter) showed a Maximum reactivity
ibtrocludtion of 4% 6k/k with an initial concentration of 100 g Th/2
and a moderator composition of 75% D20, 25%·H20; at 2000C the maximum
reactivity introduction was 3.6%.  With the same conditions, a 2-ft
diameter "square" cylinder was subcritical on settling.  For an initial
thorium concentration of 400 g Th'/0 the 2.5-ft reactor showed a re-
activity introduction of 1.4% at 1000C and 0.7% at 200'C.

L                                 -1
1  C.  W. Nestor'>, Rapid Transit ·- Reactivity Survey Code for the IBM-704,

( CF   memo   in  prepara tion.)
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REACTIVITY CHANGES ASSOCIATED WITH SLURRY SETTLING

IN SMALL SLURRY REACTORS

C. W. Nestor and M. W. Rosenthal

235
The change in reactivity, Ak ' which occurs on settling of Th02-U   03

slurry in a small one-region reactor has been investigated using an IBM-704

routine.     In the model  used  the  core was represented  by a "square" cylinder

having  the same buckling  as the. sphere  size of interest. The settled slurry

was assumed to be uniformly dispersed in the bottom region of the reactor,

with a region of pure moderator in the upper region (note illustration.in

Fig. I).  The inventory of fertile and fissile materials in the vessel re-
--

mained constant.

Calculations were performed for equivalent vessel diameters of 2 and

2j ft, temperatures of 20, 100, and 200'C, initial slurry concentrations

ranging from 100 to 500 g Th/liter, and moderators (DiO-H20 mixtures) contain-

ing   25,    50,    and  75%  D20.      In all cases the reactor   was made critical   on  the

basis of a uniform slurry condentration throughout the entire vessel.

The results obtained for temperatures of 20 and 100'C are presented in

Figs. II and III; maximum reactivities obtained from quadratic fits to curves

similar to those in Figs. II and III are given in Figs. IV, V, and.VI.  As

shown, the peak value of reactivity encountered as the slurry settles decreases

as the size is decreased, the temperature increased, or the mole fraction of

D20 increased.

As settling occurs, there is an increase in neutron resonance captures

and in fast neutron leakage; however, thermal leakage decreases and thermal

utilization becomes larger.  The first two changes tend to remove reictivity,

whereas the last two add reactivity.  Increasing the reactor size, decreasing
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the temperature and increasing the H O mole fraction all have the effect of

decreasing the importance of those terms which remove reactivity and thus

lead to the higher reactivity peaks obtained.  Making changes in the design

and operating conditions other than the thorium inventory which reduce or

eliminate the reactivity peaks generally have the effect of increasing the

ratio of uranium to thorium required for criticality.

If the critical ratio of uranium concentration to thorium concentration

is plotted for a given reactor as a function of thorium concentration, the
curve shows a minimum.1  The reactors considered in this study have ini€ial

conditions which lie to the left of this minimum; reactors to the right of

the minimum are always subcritical on settling.

1 B. E. Prince and M. W. Rosenthal, Survey of the Static Nuclear Characteristics
of Small, One-Region Slurry Reactors, ORNL CF-58-7-76.



1- r'.
d,AL-La-Lwg.-36297

". '.,. -./..........
ut, & 24.2012 1.15.Ll

1.;      .                                                                                                                                                  FIG.   I

I  J  .              i
0
I 2

J

(0, H)-/ I
i  ,

REFLECTOR                                    '

( P.)62.q  MoDe.P.ATO \4 
(0, L)

SETTLED REG,CON

 FueL, FERTILM MATG#rALt. j

\A u 1>         14 o D G  R p.  r e, -R   j

: ,

' *17 r

1                                                             (RAO)
./.

Figure 1  Reactor Configuration

1

1
•

, 1



r

. NO. 340, ·10 DIETZGEN GRAPH PAPER 1 EUGENE DIETZGEN CO.  '
:OXIO PER INCH                 MAO£ iN U. 6. A.

:1

2 1,1 ..'

., 1
Fig. 2 -  aeactivity vJ Eettled a=aluu

1.. .1 Thorium Concentration ' t

2
41

1     1 1 1. - '                    - -r l ,
                                                    BE 1:·EXATJKE :  1·1)4(, IC, UId-9                             ;                        I                1          1 1

*     .1     1 1 1                                1:1       1                          1
6  11 r\FACTO R D in METEL  :        2. J    f i.

42
9 t

.--9  /100.                                                                                                                                       25  4/5     C.20=   9-7   /1,     5% 034                                                                .                                                                                                                             , -11
."  '1 1        -1   1         1, . 199<    #                I /.7-000                                                         .. 1

3,7 <         #   1              --        0                                       1 . -1
t.*.:

I   t      . 1,
,
:..:././ =--\---22,                               1

/'K i - - -      ™ / 1,)C, - 90'6
1 / ,   /' t

- --- - -1 411 n, k/1
+S - ------I--C. &--X 7J).6><-.-'.-ll- /                                   »'.4

1    ,
1

1
, //1,:5....*   I-        -  IZZ>--r..I    --:2  rZ.7.lotic 10'C '   

1
1                                     1 4,

, S,»=       »»-t -12-1.114'fiTI.iI , 1 .

:f
4,

0 /1 i-

i.

.. , ,

..9  1
1 -* C

5 4, i Z. -

1,
e. e

+                 th{   1

-'ol
1 low.

PY
.0
00

1-

t.                             ,  1                           1
Ill

1 ,1  1:,1  .'1  .4

1

1 1.1      1                          ,      i l l            1.1        1                   1      1 111., 1 : 1 1    11
'

0 100 200 300 400 500 600 7oo 800 900 /000

TH°RIUM  CONCEATRATI°R, GMS· PER  LITER



F.3/.

...../ 1
• NO. 3404   -10 DIETZGEN GRAPH PAPER • EUGENE DIETZGEN  CO.

'O XJO  PER  WCH MAOE IN u. S. A.

Fig. 5 - Reactivity-vs:--Settleti-Reglork---
Thorium-Zoncentration 1

'.1H. 2  .12.0 ,

W
0                                                                                                                                                                                                                                                                             -ri c.H¥'E K.BTUKA ;   oc -C.-4.-·, 4.  ...
ty

e                                                                                                     -                                                                                S»
1                                                                                                                                                                                                                                                                             R E A C T O E       0 T A M FTS  R  '      St    '  ST,     7..5      F r       EI #i
aJ 37 1-Jr

M W     + 4:
<1

-7.:r 0/0    Dz 0 ,    2 5 3.; 112-,3 U  B     ; /3/<8 -L-
+86 ' .0     .1

-

+5-

<     fi

- \   25 1-T, Il, 1·r. 1.-.-
/th \ /.          \

\
\-  7,-4-*.'

f \ ././1\. 1 -  -.,.. --%\
0 1                \\          \            \\            I0                                                  -- \\ \ \ \ \ . \-\\.\\ \ #,JT..9  FT.\   -         \    1\ -

/ 30  Fr                       1                                                           04 2 0 F1                i
--- i--

--5      )*    __ 1                 1  11 1
\                                                  4    2  C    RT.

1 --1--I 8 1
\                                                                                          -- C
\

X]

1 ·tl- -1 --                m
- -.1

-16
1 M
1 ._-4  - · -4-

.- -»
1--

-T
1 1

0 190 2Oo 3oO 4oo 330         600         700          00         900

THORIUM CONCENTRATIoNA GMS. PER LZTEe



j... '.,.-.'»f .. 2794-
 4       0          0 NO.

340, ·tO DIETZGEN GRAPH PAPER EUGENE DIETZGEN CO.
to X 10 PER INCH                                                   MADE IN u. S. A.i

1590 Di 0., 75% M 70
11

1
il

1                                                                                                                                                                                                                                                                                                       Y          -     -M,     2 0 c a

i                                                                                   0      Cituo                                                     51·
Z.

11-
O    -./3. 2(0' t.

MS
52  iU'.214. 4 --  liaxim,1 Reactifitrfe:-Altral-  rn b

Ttorlau  CuugcuLL n,Luti S 
61 •

E &1- /11 W

s  /0                          \                                                                                                                                                                                                                  8
\ ---

0           1 \Cdy'        \ ,\
>  1.5-FT. \\ \\4        1 424      ' .                                1\\

1/ \.'. \ .\\.  1
100          A . i ,        131  -1 \7 \
S                  \          .1\    ..,
0                       \              ..    .1

   6    -                                             \\           .               .\           k\.\..1                               -                    0                            \         \
S             /k         \            0/1    \0

1 \    f1 \ -\..\\I                ./

20   FT        <   15...04- \\       *\\ \\\- \
-*Y)-\ \-\-\1 -\ \

4            1-4..... 1.--«»-97 -=.
-£                                                               1

...-

V.-u   1   : .5   rE -1

1... ---1»121 1,_»11
- fl

---4.- --L -2---1-.--  .4         1
-  1 --

\
1 -Ii , -Tr"'-ul2.

--  - I -r
- - -- 1- ./- -,    t:IT 1-1    1 T-'

i
.,

LE-  _t-- ------11  ----4---- --t=r-»1===ial       1

» - Iii
1  1    1-  1  1     1-1  1-     1  1    1   Ill    .14-                         '      1 1                #  1l i-1 -»

-it'     1    1  1 1  1 1 1 1.1  1  -fl' 1, 1   11 1   10
0 100 700 390 400 ·Sbco

IrlrrrAL THORCUM Cot·LCIATRATIoN , GMS. /LrTER



n     k                                                                                                                                                                                                                                                                                         .      1 1 1
. . „ A   .

I NO. 340,· ·10 DIETZGEN GRAPH PAPER EUGENE DIETZGEN CO.     ,
10 X 10  PER INCH MADE & U. S. A. . -1

i                                                                                                                                                              ..1
60%  4 4 50 %   Hz 0

 -         -«         20° C
0          -0   ;     10 =fc 0 1
0    A . 7/2 .. t-   1

Flsuic 5 -_Maximum-Reactivity vs. AF:*/1Ini€ial Thorit= Concectratian '-latj

 .6 1
=8 1
B.i10                                                                                                                                                     , l

r-    r- i I

1-f                                   ,-.- -
U
ZS

1                                                                                                                                                   '

45. (=».- -iI    1-r--1-i_-                                                -                                          _ --rt-T-                         7
2 -

1

 i.--- - -1-1- t-   - -- -1- 7-I-         -                                                                            r +    4

b                                           2   +7 211 1
 .                --9'9.,T- -1- '---Tr. 11-1-=- -1-

,            4    \      I                                                                                                -1                                                                                                                      - 17

1,16   0                   73   .                  \:1/1                                 1

i          Fr  1          i  .-\\'\
'.4                                    \.\                                                                                                                                                                        1 --        1 -

               c \\ 1 -\\.\.
f.1 .             f q -*> .\ -\                             T -                                                                                          -  ---4---- t----  --44-      .1 ---

\   \
1.9.3

--- -*« -1-1         1  1

\. \\ 4- _-L-   _- i_,--:2-1- -fltj --2#---1

--1--7.-----r-  -- -->»--t- -4  --1- -  -r --r:-71 t ---- --- - - =mfl S  *'-Il-_ FF -------1-»-1- 1.-                                                                                   0
  \\2 -1--2- ©t«--1----- --i  ci -1-+ -   1 r -IfI 7.  ,„ ,

3 , ,  ,,· a' i
|         -4. 1-*w  -        1       3,         -7-A       ,        1           _T     -  1- rt-t    -

1--- - 1 -T 1

11--11                     14

*1-6--4-- 11-1 ---      --1--1- -----.1- 1- 2-  8    *              *1  1- 1  1  I  1    1  11  1    -11   tl  ;  1     - _-      11 1-

1 il

8 :- I i I        I i i  

1
''

1 . 1       -1-,-IT   I-r." . - 9-T--1---1-1-1-1-1-T-+ t--  r        i t i

111-Lqi Trria ..  ·1  -  .  r   i   I          ;                1   1 -1-1                                                 ,             -1-

0 100 ZOO 300 460 Sbo         600

BAITIAL.          T,to RIUM        CoNCGN TRATIot,4,    G.Ms.  /LITER.



/

              7 .NO. 3401 .10

DIETZGEN GRAPH PAPER    4     1          EUGENE DIETZGEN CO
10 X 10   PER INCH MADE IN U. S. A.

73-%   Dz 0.     2 59/0.   H 2 0

*- .t..  200 C

5                                                                                                0               0 :    t  O  O d C                                                                                                                                  '

0      -0 f  ZO« .C                                                            % S'
67Figure   6   -       Ma=iniiim -Reactivity-75:initial- g   

--       Phorium Concentration 14.P

E k   1
O#%%
re'

/0

@0
.»

9 4 '1

asz 4.,

 i -:
t- 5 \-:

Al                                                                                                                                                                                                                                                                                            -·      ·
>

6

3oPI                    L
I
D

5                                                          11X                  '-,\
'4 -,  -t       I  r.1.\...                                                                              

                                                               1 1
11

1 It 1-1.r. < 8
->

1 .\-\.
I Ck.  .\I..    - --   11.-212--       1 1                             -i-f-f .  -  ----- I -4- -0+1----                                               M

.          \ \                          1                             1 1                         -T                              1  111: : 11 '1      -       I t
._ -1-1.- 4    -1--1,11 --4---" --1-1,-L .1-

_.    .  -    --i      " -  -1   1-    -  --'       -- --t- t.- - --  +  w.     .   -.._   '  __ _ _   _I_ 7# _  7    .                                                                                                           11      LE

\Ri U ---      E-N· --   1   -24 -   1--LII;14tl -2.f--- -t-t  » - -  -t---r ]I t-
. till2

.      -2* 1-1-37--6#uf-i,  ---4 .  1-   r_-IT-i__F__1 ----1- iti----1
i 4   -P»<.    :  7  -  *I i     'tr·-l   --117-  -7  i  ·1       i        i-i  1

11                                                                       it        1 1  1   "11     1   ''IIi        1           1,1--11   - -1-«1 -LLL«                                                                                                                        11                             1                                                         t-

I l                             1   1 1     -1.-1-   1 1   l-     IT--I   i    -noeit- ti-+  11-   1-1 t.                                                               1i 1- , 111 4 til---Vi 1 11 10'
0 100 Zoo 360 400 foO 600

INITIAL  I Mot<IUM·  ONE GN-nt ATI ON   ,  6 MS. / 1. rTER



.

- 10 -

DISTRIBUTION

1.  HRP Director's Office 46.      M.    I. Lundin EXTERNAL
Rm. 259, Bldg. 9204-1 47.  R. N. Lyon

2.  G. M. Adamson 48.  W. L. Marshall 121.    D. H. Groelsema,
3.  S. E. Beall 49.  J. P. McBride AEC, Washington
4.  A. M. Billings 50.  H. F. McDuffie

122.  Dr. W. E. Johnson,
5.  E. G. Bohlmann 51.       H.   A.   McLain

Westinghouse6.  S. E. Bolt 152.  R. A. McNees
123-137· TISE-AEC

7.  E. S. Bomar 53·  J. R. McWherter
'                             8.        J.   R.    Brown                                                                    54.        R. L. Moore

9.  W.-D. Burch 55·  C. S. Morgan
10.  R. Chalkley 56-65.  C. W. Nestor
11.  R. H. Chapman 66.        L.    F.    Parsly,    Jr .

12.  R. D. Cheverton 67.  R. L. Pearson
13·  H. C. Claiborne 68.  F. N. Peebles
14.  E. L. Compere 69.  M. L. Picklesimer
15.  R. So Crouse 70.  B. E. Prince
16.  J. S. Culver 71.  S. A. Reed
17.  D. G. Davis 72.  D. M. Richardson
18.  R. J. Davis 73·  R. C. Robertson
19.  J. L. English 74-78.  M. W. Rosenthal
20.  D. E. Ferguson 79.  H. C. Savage
21.  T. B. Fowler 80.  C. H. Secoy

,. 22.  C. H. Gabbard 81.  C. L. Segaser
23·  W. R. Gall 82.  E. M. Shank
24. R. S. Greeley 83.  M. D. Silverman
25.  J. C. Griess 84.  M. J. Skinner
26.  W. R. Grlmes 85.  I. Spiewak

27·  Po A. Haas 86.  R. W. Stoughton
28.  P. H. Harley 87.  J. A. Swartout
29.  P. N. Haubenreich 88.  E. H. Taylor

30.  J. W. Hill. 89.  D. G. Thomas
31.  E. C. Hibe 90·  M. Tobias
32.  C. J. Hochanadel 91.  D. S. Toomb
33·  G. H. Jenks 92.  W. E, Unger
34.  D. T. Jones 93.  R. Van Winkle
35·  S. Jaye 94.  A. M. Weinberg

36.  P. R. Kasten          -       95·  K. W. West
37·  F. Kertesz 96.  J. C. Wilson
38.  L. J. King' 97·  C. E. Winters
39.  R. B. Korsmeyer 98.  F. C. Zapp
40.  No A. Krohn 99-100.  REED Library
41.  C. G. Lawson 101-102.  Central Research Library
42.  R. E. Leuze 103-104.  Document Reference Library

43.  W. H. Lewis 105-119. Laboratory Records
44.  M. P. Lietzke 120. ORNL-RC

45.  R. A. Lorenz

1

1 -


