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A. Makes any warranty or representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

:39'.+B.  Assumes ony liabilities with respect to the use of, or for damages resulting from the use of                                                 ·I
any information, apparatus, method, or process disclosed in this report.

..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 -2.- I  ''

or dis/ributes, or provides access to, any information pursuant to his employment or
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ABSTRACT

4 Nuclear characteristics were computed for over 400 two-region

spherical homogeneous reac.tors having D20 - Th02-U 02 slurry in both233

7
core.and blanket.  Curvea are presented of breeding ratio, core-wall

-           power density, critical concentration, critical ratio, and blanket power

as functions of various design parameters.  Neutron balances and additional

characteristics are given for 10 representative reactors.  A simple method

for estimating the effects of core and blahket poisons on breeding ratio

and critical concentration is described.
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INTRODUCTION

"                   In this memorandum the nuclear characteristics of some two-region

233
spherical homogeneous reactors having D2O- Th02-U   02 slurry in both core

-

1
and blanket are presented.  A two-group, two-region code  for thd Oracle was

used to obtain breeding ratios, critical concentrations, power densities,

u,        fluxes, and neutron balances for various reactors.  The parameter values

considered are given in Table I.

Table I.  Parameter Values Employed

Pressure vessel I.D. 10, 12 ft.

Core tank I.D. 6, 7, 8, 9, 10, 11 ft.

Thorium in core 0, 100, 200, 300 gm/liter
I k :-/-

Thorium in b1anket 0, 500,.1000., 2000 gm/liter
 .-- . 233U    in blanket O, 1, 3, 5 gm/liter

.

                      Total reactor
power 100 Mw

For all.reactors the core tank was of Zircaloy-2 and was 1/2 in.

23, 23
,-'

thick. The value of  n was taken as 2.25 and  of  /aa  as 0.90; the
reactor temperature was 280'C.  The majority of reactors contained no poisons

1-

in either core or blanket, and isotope buildup (including  rotactinium) was

not considered.  However, computations for systems containing poisons were

used to check an approximate method developed for use in estimating the

effects of poisons on breeding ratio and critical concentration.

.1
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In the sections which follow, curves of breedlng ratio, wall power

density, critical concentration, blanket power, and critical ratio are.. shown

as functions of several design variables.  Some characteristics of. one-region

reactors are included for comparison with the two-region system.  Two tables·

1-7

give additional results for selected systems, and the appendix contains a

table of nuclear properties and other input numbers used in the computations.

...0..'--'
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RESULTS

Breeding Ratio

The breeding ratio of a reactor is defined as the rate at.which

fissionable atoms are produced divided by the rate at which they are

destroyed (by fission or neutron capture) .     In  the computations' employed

in this study, the production rate of U is the sum of the rates of233

resonance and thermal capture by thorium in both core and blanket.  The

rate at which fuel is destroyed is the sum of .the rates of thermal ab-

233sorption  in U        in  core  and blanket.

In Figs. 1 - 6, the breeding ratib for two-region reactors is

plotted as a function of core diameter and other parameters.  Figure 7

shows the breeding ratio of.one-region reactors vs. thorium concentration

for several pressure vessel sizes.  The reactors considered.contain no

protactinium, other isotopes, .or fission products. The effect of poisons-
h.

on breeding ratio can be estimated using the method described.below.

It +                      -
Wall. Power Density

The power density (rate of heat generation per unit volume) in the

fluid at the ·surface of the Zircaloy core vessel is plotted in·Figs. 8 - 13,

For all. cases the total reactor power was taken as leO Mw, and the values

of power density.are normalized to that figure.  Increasing the reactor

power would increase the power density in direct proportion.

For  fuel. concentrations  in the blanket higher  than in -'the  core,  the

power density at the outer surface ef the core tank is sometimes higher

<4            than at the inner surface.  In such cases, the greater value was assumed

8                    to be significant and was· plotted.   As a result,  some  of the curves  of

wall-power density exhibit a minimum which is associated with the shift

of the higher value from the inner to the outer surface.

UNCLASSIFIED
L
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Critical Concentration

The concentration of U in the core region required to makes..i.233

the reactor critical is plotted as a function of various parameters in

'-'              Figs. 14 - 19 for clean two-region systems.  In Fig. 20 the critical

concentration for comparable one-region reactors is shown.  The. effect

of core poisons ·on critical concentration can be estimated using the

method described below.

Blanket Power

The fraction of total reactor power that is produced in the blanket

region, PB/PT ' is plotted in Figs. 21 - 26.

Critical Ratio

During startup or operation of a slurry reactor, it is conceivable

that some event could cause a rapid change in the concentration of slurry

\.r in the core.with attendant reactivity changes . The uranium  in  the   circu-

lating system will probably be asseciated with the slurry in such a manner

that the ratio of uranium to thorium would remain the same even though thd

concentration of thoria changed.

In examining reactivity effects resulting from changes in thoria

concentration, it is useful to plot the values of the ratio of uranium to

thorium required for criticality vs. thorium concentration.  This ratio

has been plotted in Figs: 27 - 32.  If a reactor,is critical at some

specified thorium concentration, the U to thorium ratio will be that233

given by the appropriate curve.  Following a sudden change in core slurry

              concentration, the actual ratio of U to thorium in the core would bd233

* unchanged, but the ratio required for criticality would be that given by

UNOLASSIFIE*
L_
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the curve at the new thorium concentration.  Thus, depending on whether

the new critical value were above or below the old, the reactor (for the

same temperature) would be either subcritical or supercritical.

.(.. At the minimum point of a curve, changes in either direction would,

of course, cause the system. to become subcritical.  Also, in a flat region

of the curve, small changes would not appreciably affect the critical ratio.

Additional Nuclear Characteristics

In addition to the other results presented in the figures, Tables I

and II give neutron balances and value of power dehsity and flux fpr a

selection of two-region reactors.  The power density and flux are normalized

to a total reactor power of 100 Mw, and changing the total power would change

these values in the same proportion.  The absorptions and.leakages in the

233
neutron balance are normalized to 100 absorptions in U (which yield 2.25

'.r,
k.fi fast neutrons each).  Table II gives results for five 10-ft reactors and

Table III for five 12-ft. vessels.
/-

UNCLASSIFIED
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EFFECTS OF.REACTOR POISONS

Consider a single-fuel reactor operating at core power Pc, blanket

power  B' and total power  ,r.  To estimate the effect. on breeding ratio

of an increment in the core poison fraction, Af  , and an increment of Af
pC                          pB

in the blanket poison fraction, the following approximate formula is used:

BR -Af - Af        -
PC            B

PC P PB PT            T

The fuel cross section of a critical r9actor which originally has a

core poison fraction fpc' and is changed by an amount  Af  , may be calculatedPC

from the data for the original reactor as follows:

F                                   .F

 8       1Af6  -                        1-        pC              h
9P        (1 + f .,)'2                                                                     2                       pi9 - 1 + B Teq

2
By B is meant the buckling of a bare reactor with the same materialeq

composition as the two-region core.  For the cases studied in connection

with this report, addition of a 6-inch extrapolation distance to the core

radius was found to produce results as accurate as those obtained by indi-

2
vidual estimates of B because of the high blanket thorium concentration.

eq

Blanket poison changes resulted in negligible critical concentration

increments for the highly absorbent blankets treated.

The effect of the presence of protactinium on breeding ratio and

critical mass may be treated in a manner similar to that used for poisons,

          but with due regard for an important difference:  each capture of a neutron

by Pa results not only in the loss of a neutron but in a potential fuel atom

UNCLASSIFIED
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as well.  This fact may be correctly taken, into account by treating the

Pa as a poison but using twice its actual concentration in the computation

of breeding ratio changes.  For estimating critical mass changes, however,

no doubling is required, and the protactinium is treated as if it were

another poison.

The derivation of the above equations is discussed in the appendix.

7-

ork.

...

I
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SUMMARY OF RESULTS

1.  Effect of Core Thorium

a.  Breeding Gain. -- The breeding gain increased when the thorium
concentration was increased in the core; however, it did not
change appreciably for thorium concentrations above 200 gm/liter
in the core ·

b.  Core-Wall Power Density. -- With change in core thorium the wall-
power density passed through a minimum for a given system; for
3 gm U233/liter in the blanket the minimum occurred at core thorium
concentrations lying between 60 and 100 gm/liter.  In most cases,

there was little change in wall-power density for core thorium
between 100 and 300 gm/liter.

c.  Critical Cpncentration. -- The critical concentration increased
with increasing core thorium concentration.

d.  Blanket Power. -- The fraction of total power generated in the
blanket decreased with increase in core thorium concentration.

2.  Effect of Blanket Thorium Cpncentration

'a.  Breeding Gain. -- The breeding gain increased with increase in
i ,- blanket thorium concentration. In most cases there would have

been little further increase from raising the concenttation above
2000 gm/liter.

b.  Core-Wall Power Density. -- The wall power density decreased as
the thorium concentration in the blanket was increased.

c.  Critical Concentration. -- There was little change in critical
concentration with change in blanket thorium.

d.  Blanket Power. -- The power in the blanket decreased as blanket
thorium was increased.  The effect was greatest with small cores
and low core thorium concentration.

3.  Effect of Core Diameter

a.  Breeding' Gain. -- For a given pressure vessel size the breeding
gain decreased as the size of the core was increased.

b. Core-Wall Power Density.   .--  The wall power density decreased  as
the size of the core was increased.

'                                           c . Critical Concentration.    -- The critical concentration decreased
as the core size was increased.

d.  Blanket Power. -- The power in the blanket decreased as the core
size was increased. The effect of ·change  in  core sizevas least
for the highest. blanket thorium concentration.

UNCLASSIFIE 
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4.  Effect of Blanket Thickness

a.  Breeding Gain. -- For constant core size, the breeding gain
increased as the blanket thickness was Increased.  The effect
was least for the greatest concentration of thorium in the
blanket.

b.  Core-Wall Power Density. -- The wall power density Mas decreased
-                           69-idE:Feaisdi in 'blanket thickness,  but the chahga'.was.small in:   .

tht.tange.considered: „                                      „

-            c.  Critical-Concentration. -- There was no appreciable change in
critical concentration with change in blanket thickness.

d.  Blanket Power. -- The power generated in the blanket increased
slightly with increase in blanket thickness.  For the more heavily
loaded blankets, the change was not appreciable.

5:   Effect of Fuel in Blanket
-

a.  Breeding Gai933-- The breeding gain decreased linearly with idcrease
id blanket U concentration.  With 2000 gm Th/liter in the blanket,
the change in breeding gain between '0 and 5 gm U233/liter was not

. - significant; but with only 500 gm Th/liter, the change in breeding

gain was appreciable.

b. Core„Wall Power Density. -- The wall power density was relatively
insensitive to changes in the blanket fuel concentration for thorium
concentrations greater than 100 and 500 gm/liter in the core and

blanket, respectively.  However, at core thorium concentrations less
than about 60 gm/liter, the power on the blanket side of the core
tank increased rapidly With increase-in blanket' fuel concentration.

c.  Critical Concentration. -- The effect of blanket U concentration233

on the critical concentration in the core was.insignificant.

d. Blanket Power. -- The power in the blanket increased.nearly linearly
with increase in blanket U233 concentration.  The effect was greatest
for the lowest blanket thorium concentration.

6.  Critical Ratio

Over the range investigated, the ratio of U to thorium· in the core233

required for criticality passed through a minimum at 6ore-thorium cencen- -
trations of less than 200 gm/liter.  As the core size was increased, the
location of the minimum moved from near 200 gm Th/liter for a 6-ft. I.D.
core to below  100 gm Th/liter  for a 9-ft.- I.D.   core.    The -lodEitidri -of  the
minimum was not changed appreciably by vatiation.in blahket thitkness;
blanket thorium concentration, or blanket fuel concentration.

UNCLASSIFIED
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Tabl-e II

*
Nuclear Characteristics of Some 10-ft Reactors

4

Feature Values

Presbure vessel I.D.; ft          10           10          10          10          10

Cbre I.D.,ft                      7            7           7           7           9
Core Th, gm/liter 100 200           0 300 100

Blanket Th, gm/liter 1000 2000 2000           0        1000
233    '

Blanket U   , gm/liter 3·P 3.0 3.0         0            3.0
C6re critical conc.,

Ega U233/liter 3.0 6.0 O.96 8.0 2.3

Total power, Mw 100 100 100 100 100

Blanket power, Mw 8.,5 2.6 10.6         0!           4.4.

Breeding ratio 1.18 1.21 1.14 0.97 1.05

PD.   (core    avg), kw/liter 18.0 18.5 17·6 19.7         9.6
,  PD (blanket avg), kw/liter O.89 0.27 1.1         0           1.2

=Pb (0), kw/liter                  43          ,46          45          29          22

4  PD (a), kw/liter 5.4 5.0 4.0        19           2.1

»P D    (b) kw/liter 4.1 -1.7 8.1         0           2.0

 2C(avg) x 10 2.3 1.2 7.0 0.96 1.4
-14

-13
02B(avg) x to 1.1 0·34 1.4 7.6 1.5

, 0 (0) x 10-14 5.5 2.9 17·9 1.4 3.6

Absorptions in core by:
**

u233. 91.5 97.4 89.4 100.0 95.6
Th232   resonance) 24.6 40.5 48.3 26.6

232Th (Slow). 39.7 41.6 48.4 52.8

D O 1.4 0.7 4.2 0.6 1.82
Absorptions in core tank 1.5 0.7 3.3 2.4 1.2

Absorptions in blanket by:

u233 8.. 5 2.6 10.6 4.4
232 ,Th · Cresonance) 16.6 16.6 22.3 6.0

Th232 (slow) 36.6 22.5 91.6 19.3.
D20 0.1 0.0 0.1 0.8 0.1

Fast leakage 3.5 2.2 3.2 2.7 10.5
Slow leakage 1.0 0.2 0.3 21.8 6.7

*
Reactors have no isotope buildup or poisons in core or blanket

** 233
Absorptions.and leakages normalized to 100 absorption in U
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Table III

*
Nuclear Characteristics of Some 12-ft Reactors

.

Feature Values

Pressure vessel  I.D.,   ft                       12                         12                       12                       12                       12
3                     •

-- Corel.D.,ft                                                  8                           8                         8                         8                       10

Core Th, gm/liter 100 200           0 300 100

- Blanket Th, gm/liter 1000 2000 2000           0        1000
233

Blanket. U   , gm/liter 3.0 3.0 3.0         0            3.0

C6re critical conc.,
gm U233/liier 2.6 5.4 0.72 7.4 2.2

Total power, Mw 100 100 100 100 100

Blanket power, Mw, 7.8 2.3 10.8         0           5.4

Breeding ratio 1.20 1.23 1.15 1.02 1.16

PD. (cote avg), kw/liter 12.1 12.9 11.8 13.2         6.4

PD (blanket avg), kw/liter 0.44 0.13 0.61 10 0.50

-PD (0), kw/liter                  30           32          32          19          16

4  PD (a), kw/liter 3.3 3.0 2.4 13·3 1.4

PD (b), kw/liter 2.8 1.1 6.4        0           1.5

d  (avg) x 10 1.8 0.93       6.2 0.68 1.2
-14

r 2C

428(avg) x 10-13 O·58 0.17 0.76 2.1 O.66

-14                                                                   2.94  (0) x 10                       4.4 2.3 16.3 O,98r2C
Absorptions ** in core by:                                                                 '

u233
'

100.092.2 97.7 89.2 94.6

Th (resonance) 25.4 41.5         - 49.5 26.7

Th (slow) 46.0 47·1 52.6 56.8

- -D O 1.6 O.8 5.6 O.6 2.02
Absorptions in core tank 1.4 0.6         814         2.4         1.1
Absorptions 'in blanket by:

u2.33 7.8 2.3 10,8 5.4

Th (resonance) 15·0 14.3 21.0          -          8.6

Th (slow) 33.9 19.9 93.6          -         23.5/
D O 0.1 0.0 0.1 1.1 0.12

-  Fast leakage 1.3 0.7 1.2 0.9 4.5

Slow leakage 0.3 0.1 0.1 17.9 1.7

*
Reactors have no.isotope buildup or poisons in core or blanket

** 233
. Absorptions and leakages normalized to 100 absorption in U
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Table IV

p                           Nuclear Properties and Input Numbers

- 12 7.Tb
=D20   P   T.' -D   D12
6a a

-              -1              -1                          2cm cm                           cm cm cm

0          0         4.445 x 10-5 1.000(2) 206.6(3) 1.621(3) 1.226(3)

100 1.27 x 10-3    4.393 x 10-5 0..868 206.7 1.605 1.218

200 2.54 x 10-3 4.342 x 10-5 O.795 206.9 1.590 1.209

300 3.81 x 10-3 4.290 x 10-5 O·749 207·2 1.576 1.201

. 500 6.35 x 10-3 4.189 x 10-5 0.660 207·6 1.548 1.184
-                   -2              -51000 1.27 x 10 3.924 x 10 0.524 209.7 1.483 1.142

'11:                                          -2
-2000 2.54 x 10 3.'402 x 10-5 0.346 217·0 1.367 1.070

Temperature  =  280'c

Wt % D20 in moderator  =  99·75
Extrapolation ·.distance  =   15  cm
-                                                                                                                                                                                                              '.

aa(23)  =  380.7 bn

9(Th) = 4.89 bn

321120 )    =         1: 758   mb

af(23)/aa(23)  =  0.90

9    =  2.25

p(Th02) 9.69   gm/Fl

C) p(D20) 0.8395 gm/rgl

D           0.980 cmS
09

S
·R- 5.059 x 10-3 cm-1·ZL a

23                  -4        r
9.842 x 10 x gm 23/liter, cm-1
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Estimation of the Effect of Core and Blanket-Poisons

Upon Breeding Ratio and Critical Mass

.

It is desirable to have a simple method of estimating the effect

of changing core and blanket poisons upon breeding ratio and critical mass

in thermal reactors without the need of making complete additional two-group

calculations.  Satisfactory approximations may indeed be made for poison-

fraction increments of less than 15% of the fuel absorption cross adction and

for reactors that:are large compared With a neutron mean-free-pa€h.

Consider the case where only one fuel is used in both core and

blanket.  The breeding ratio may be written as

-: .A + + A  + A  +A +Ll+L2M A: S C P
B.R. =   4   - .1   - 4+4

9
M   M

where Ac , AB absorptions in core and blanket, respectively,
in any homogeneously distributed material which
is not fuel, poison or fertile material

A            absorptions in the core tankS

A                absorptions in the cobe and blanket, respectively;P  AP
C '  B

in poisons

Ll, L2 fast and slow leakage from the reactor

F  F
AC, AB absorptions in fuel in core and blanket, respectively

Assume now that a small change in the core and blanket poison levels produces

a change in the rate of neturon absorption by poisons only, and that the other

rates of neutron' absorption and laakage are unaffected.      Then

'B.R.        =       -        'f       +    9           -       -       'f'C   'i
- pB C

Af   A
F

AC
  A+A

AC + A AB   C 33
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where  Af  . Af the incremental change in the poison fraction
pC'   pB · in the core and blanket, respectively,. where '

the poison fraction is defined as the ratio of
neutrod abbgrptions id' poison to neutron. absorptions
in fuel in a given region.

For one fuel we may write

F                          F
A                P            A                PC                C                             B

F  F    - ;A + A     PT   4 + 4    PCB     T

where Pc ,  PB ' and PT are the core, blanket, and total reactor powers,

respectively.  Therefore

P.                              P
C                 B8 B.R.          Af    -      Af    -

PB PTT

This approximation is in very good agreement kith breeding incremeuts

obtained by comparison of complete two-group twolregion calculations,
.'.

as will be shown later.

Ehtimates of the change in critical mass are somewhat more difficult

to make. Generally, for blankets which are fairly "bladk" to' neutrbris or for a

large core, increments of a few percent in the blanket poison will produce

negligible changes in the cpre fuel concentration.  In the case of a "black"

blanket, the  core behaves almost like i bare rdactor; in the case of a large

core, the blanket is a.region of low importance.  Changes in gore poisons

produce much more significant effects upon the critical cencentration.  In

the case of a bare reactor, the two-group model gives the critical fuel

macroscopic absorption cross sedtion as:

43                                                                         F                                            (1  +   T 82)(    E    +      D2B2 )

TIP   -   (1  +  7-82)(1  +  fpc)
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Where  E   refers to the absorption cross section of  F(fuel), and E

(all other materials except poison but including fertile), D2 is the

,•           thermal diffusion constant,,p  is the resonance escape probability,

fpC   is the poison fraction, and 9, r , and 82 have their customary

meanings.  If an increment Af is made in the poison fraction,PC

(i.e..  Af =· final poison fractidn - initial poison fraction)  the
PC

new fuel ctoss se8tion is

2 FE   27
F'                       (1  + 78-)    IE      +    D    B   I

La    2 1  .-
1

9 •'

a                    9  P  -  (1  + 7- 82)(1  +  fpc +    2.  -)PC

9   s.(1  + 7'82)(1  +  fpc)
a
Fh 11 p- (1+ 7»'B2)(1 + fpc) - Afpc(.1 +7'82,)

"

1

Af·
PC1-

9   2  - (1 + fpc)
1+148

This  result is correct  for a one-region reactor.    For a reflected
2                    '

reactor an equivalent B  would be fouhd by solving the one-region critical

2
equation as a quadratic in B  using the known core cross sections for the

two-region reactor.  The result of this procedure will.not be exact, but

for the cases examined here the results were quite accurate.

'fl
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Illustration A. --  Calculation of change in breeding ratio due
to adding poison to core, blanket, or both.

Consider a 7-ft. I.D. core in a 10-ft. I.D. pressure vessel.  The

core contains 100 gm Th/liter in the core and the blanket contains
1000 gm Th/liter and 3 gm U-233/liter.  The breeding ratio with no
poisons in the core is 1.1756. Pc  =  91.5 Mw, Pn =  8.5 Mw.  Whatis the estimated breeding ratio change if:  (a) €]he blanket poison
fraction is 0.04; (b) the.core poison fraction is 0.036; (c) the
core poisod fraction is 0.036 and the blanket poison fraction is
O.04?

Solution to (a): AB.R. - - 0.003
(0.04) (8.5)

100

Solution to (b):   AB.R. = -- =  - 0.033
(0.036) (91.5)

100 ·

Solution to (c):   All.R.  =  - 0.003 - 0.033 = - 0.036

:,P-
.

The -changes in breeding ratio calculated using the two-group two-region Oracle
·3

w           code were - 0.003, - 0.0031, and - 0,034 for conditions (a), (b), and (c) '

respectively.  A total of 23 cases were compared, all 10-ft. pressure vessels

0            with cores from 6 to 9 ft. I.D., core Th concentrations of 100 and 300 gn/liter,

and blanket Th concentrations of 500 and 1000 gm Th/liter.  Core poison fractions

were 0, 0.036, and 0.072 of the fuel absorption cross-section, and blanket poison

fractions were·0,.0.013, 0.024, 0.04, and 0.08 of the fuel absorption cross

section in the blanket.  Blanket U-233 concentrations employed were 1, 3, and

5  gm/liter. The estimated change in breeding ratio  was  high  in all cases,  and

f or  most    was in agreement   with the Oracle value:1   by   10%   or   better.      In  f our

cases errors   of   15   to   38% were noted.     Two   of   the   cases   were   for 9-ft. cores

and the other two were for 500 gm Th/liter blankets.  In all these cases the

error was connected principaily with core poison increments. It would appear

that these larger errors ate due to increased leakage from the reactor.  In

the 9-ft. cases increased leakage is due to the smaller blanket thickness, and in
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the 500 gm Th per liter cases, the higher power density and lowel Th

concentration would increase leakage.  (It must also be noted that none

of the four cases are of great practical interest, nor are the estimated

breeding gains in serious error.)

Illustration B. --  Calculation of change in critical concentration
'i

due to adding poison to core.

Consider the same reactor as described in the previous section,
example (b).  The buckling of the unpoisoned bare reactor which
contains the: same amount of fuel and thorium as the reflected
reactor is:

2               8    1  i 11 a   a   1 |.    ( DP-1) 1  -  I:F:1 -s  + f   (zE +          %2     --
B                          +                    +

a a
eq               2             D2                 tv \3\ D2 T:)j 02.7-'

Mhere     =  1.314 x 10-3 cm l

    = 2.93273 x 10
-3   -1

1,· cma
-

D2  = 1:218 cm

'F        =     206.7   CIR
2

9    =  2.25

p    =  0.868

2                     -4   -2
B        =  6.5505 x 10 cmeq

-                   This corresponds to an extrapolated radius of 122.75 cm or
adding an extrapolation distance of 6.33 in. to the core radius.
The correction to the critical concentration was obtained from
the formula:

IF'             1a--r Af
1- PC

a 9P ,-(1+ f -)
1 + 7 84         pC

-                  For this case, fpc = 0, Afpc =  0.036.  The'new critical concentration
estimated from this formula is 3014 gm 23/1 as compared with the two-
group Oracle calculation result of 3.13.
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Similar excellent agreement was obtained:in all other cases where

comparison was possible.  (An extrapolation distance of six inches was

shown to be adequate for all of these cases.)  Although further tests will

-

be necessary to disco*er the limitations of this method of estimation, it

is likely to prove successful in the majority of cases of interest.

-

*
.
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Notation

2C,  2B
A A Thermal absorption rates in core and blanket,

respectively.  (A superscript indicates the
material.)

/.

A , A  Absorption rates in core and blanket, respecti*ely,
-,                            in material which is not fuel, poison, or fertile

material.

AAP , AABP An increment in A(  or A 

AP    nP       Absorption rates in core and blanket poisons,
C '  #B

respectively.

AF AF
Absorption rates in core and blanket fuels, respectively.C ' n 

A               Absorption rate in core wall.S

i  ' Th   Th
Ale , Al.B Fast absorption rates in thorium in core and blanket,

respectively.
k.

2B                   (17*R)2  for a bare reactor which 'is critical with theeq
same material composition as the core of a tw6-region
reactor  (i.e.,  same  fuel& mode ator, pois6n, fertile
material concentrations), cm.

BR Breeding ratio (absorption rate in fertile material in
core and blanket divided by absorption rate in fuel in
core and blanket).

2,

BR An increment in BR.

Dl              Fast diffusion coeffidient, cm.

D               Thermal diffusion coefficient, cm.2

D               Core tank diffusion coefficient, cm.  (Taken as the sameS
for both fast and slow groups.)

1              f               Poison fraction in blanket (ratio of poison absorptionPB
crosb section in blanket to fuel absorption cross section

I                               in blanket).

UNCLASSIFIED
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Af             An increment in f
pB                             pB

r              f              poison fraction in core (ratio of poison absorption
PC . cross section in core to fuel absorption cross

section in core).
.

Afpc          An increment in  fPC-

L             Rate of fast leakage1

4
L             Rate of slow leakage2

p              Resonance escape probability

P              Blanket power, megawattsB

P              Core power, megawattsC

P              Total reactor power, megawattsT

1                                in the center of the core; PD(a) is the power density
PD Power density, kw/liter.  PD(0) is the power density

/                    at the inner surface of the core wall; PD(b) is the
power density at the outer surface of the core wall.

R             The extrapolated radius of a reactor, cm.

9             Number of fission neutrons produced per absorption of
a neutron in a fuel atom.

42((avg.)'.428(avg.) Average thermal fluxes in core and blanket regiohs,
respectively, neut/cm2 - sec.

0                                                                                                                                              2
d (O) Thermal flux at center of reactor core, neut/cm -sec.r 2C

./
p              Density, gm/ml.

ca'            Miscroscopic absorption cross section in barns averaged
over Maxwell-Boltzmann distribution.  (A superscript
is used to indicate the material.)

a23 a23
Ratio of fission to absorption microscopic cross sections

7
. 'in U2330
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E Macroscopic absorption cross section averaged overa
a Maxwell-Boltzmann distribution, cm-1, (A superscript

is used to indicate the material.)

*              F                                                              -1
2             Fuel absorption cross section in reactor core, cm  .a

9
2 Absorption cross section in core of all material whicha                                       -1

is not fuel or poison, cm
.-

Fermi age
6.:

1    *.
»}
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