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This report was prepared as 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 representation, express or implied, with respect to ?he 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 :

B. Assumes ony liabilities with respect to the use of, or for damages resuliting from the use of
any information, apparotus, 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

or distributes, or provides access to, any information pursuant to his employment or contract
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ABSTRACT

Nﬁclear chgracteristics were computed for ovér hOQ‘two:regiqn
épherical homogeneous rgactors having D2O - Th02-U23302 slurry‘in béth
core and blanket. (Curves are presented of breeding ratio, core-wall
power density, critical concentration, critical ratio, and blanket powerr'
as functions of various design parameters. Neutron balances and additional
characteristics are given for lb represehtative reactors. A simplé method
for estimating the effects of core and blanket poisons on breeding ratio

and critical concentration is described.




B

_spherical homogeneous reactors having D;0- ThO,-U
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INTRODUCTION

In this memorandum the nuclear characteristics of some two-region

2
33O slurry in both core

2

‘gndlblanket are presented. A two-group, two-region codel for the Oracle was

used to obtain breeding ratios, critical concentrations, - power densities,
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.
Thoritm in ‘core : 0, 100, 200, 300 gm/liter
Thorium in blanket - 0, 500,.1000, 2000 gn;/liter
233 iﬁ blanket - - 0, 1, 3, 5 gm/liter.

Total reactor power 100 Mw

For all reactors the cére tank was of Zircaloy-2 and wﬁs 1/2 in.
thick. The value of 17 was.taken as 2.25 and af23/0a23 as 0.90; the
reactor temperature was 28000.V The majority of reactors contained no poisons
in either.core or blanket, and isotope buildup (including protacpiﬁium) was
not considered. However, computations for éystems containing poisons were
used to check an approximaté method developed for use in estimating the

effects of poisons on breeding ratio and critical concentration.

UNCLASSIFIED
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~ In the sections which follow, curves of breeding r#tio,Awall éower
density, critical concentration, blanket power, and critical rafio are..shown
as functions of several deéign variables. Some characteristics ofloné-region
reactors are included for comparison with the two-region system. Two tables-
give additional results for selected éystems, and the appendix contains a

table of nuclear properties and other input numbers used in the computaﬁions,

)

k=)
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- RESULTS -

Breeding Ratio

The breeding ratio of a reactor is defined as the rgté at which
fissionable atoms are produced divided by the rate at which they are
destroyed (by fission or neutron capture). In the computations employed

233

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

233

sorption in U -~ in core and blanket.

‘In Figs. 1 - 6, the breeding ratid for'two-region reactors is
plotted as a function of core diameter and other parameters. Figure 7
shows the breeding fatio of .one-region reactors vs. thorium conce;tratidn
for several pressure x're'sselAs,izeéo The reactors considered.contaiy no

‘protactinium, other isotqpés,-or.fission products. The effect of poeisons

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

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 100 Mwy and the values

of power density are normalized to that figure. Increasing the reactor
power would increase the power density in direct propoftion°

For fuel concentrations in the blahket‘higher than in the core, thé
power density at the outér surface of the core tank is sometimes higher
than at the inner surface. In such cases, the greater value was assumed
to be significant and was-plotted. As a result, some gf the curves of
wall-power density exhibit & minimum which is éssociated with the shift

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

* UNGLASSIFIED
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‘Critical.Concentration

233

The concentration of U in the core region required to‘make'tﬁ

]

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

Figs. 1% - 19 ?Qr clean two-region gsystems. 1In Fig. 20 the critical

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

.of core poigons -on critical concentration can be estimated using the

methed described below.

' Blanket Power

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

region, PB/RT ; is plotted in Figs. 21 - 26.

. Critical Ratio

During spartup or operation of a slurry reactor, it is cpnéeivable
that some event could cause a rapid change in the concentration of slurry
in the core.with attendant reactivity changes. The uranium in the circu-
lating system will probably be agsociated with the slurry in such a manner
that the ratio of uranium to thorium would remain the same even though the (
concentration of thoria changed. |

In examining reactivity effects resulting fpom 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 -.320 If a reactor .is critical ét some
specified thorium concentration, the U233 to thorium ratio will be that
given by the appropriate curve. Following a suddeﬁ change in core slurry

233

concentration; the actual ratio of U to thorium in the core would be

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

 UNCLASSIFIER
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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 superci‘itiéal° o |

At the minimﬁm point of a curve, changes iﬁ either direction»wqﬁld,'A

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 pfesented in the figures, Tables I
and II give neutron balances and value of power deénsity and flux for a
selection of two-fegion'reactors° The power density gnd flux are no;malized
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

. o 2
~neutron balance are normalized to 100 absorptions in U 33 (which yield 2.25

fast neutrons each). Table II gives results for five 10-ft reactors and

Table III for five 12-ft. vessels.
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EFFECTS OF REACTOR POISONS

Consider a single-fuel reactor operating at core power BC’ blanket

pover P ,'and total power RT' To estimate the effect on breeding ratio

B

of an increment in the core poison fraction, Afpc, and an increment of Apr

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

P P
- : C B -
. ABR = -Af =— - Af =
. pC P'I‘ PB P’I‘
The fuel cross section of a critical reactor which originally has a

core poison fraction pr’ and is changed by an amount Afpc,lmay be calculated

from the data for the original reactor as follows:

¢ - _F 1 F
2, 2
o> - a - pC R
UL - (1+g )
— c
v - 1+ Beérf P

By Biq is meant the buckling of a bare reactor with the same material
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-
vidual estimates of Biq_because of the high blanket thqrium‘concentration.

”Blaﬁket poison changes resulted in negligible critical concentration
increments for the highly absorbent blankets treated.

The effect of the presence of protactinium on breeding ratioc and
critical mass may be treated in a manner similar to that uséd for poisons,

but with due regard for an important differenée: 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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12.

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 equaﬁiops\is discussed in the appendix.
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SUMMARY OF RESULTS

1. Effeét of Core Thorium

8.

Breeding Gain. -- The breeding gain increased when the thorium -
concentration was increased in the core; however, it did not

change appreciably for thorium concentratlons above 200 gm/llter ‘
in the core. : .

Core-Wall Power Density. -- With change in core thorium the wall-
power density passed through a minimum for a given system;.for'

3 e 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 den31ty for core thorium
between 100 and 300 gm/liter.

Critical Concentration. --.The critical concentration increased
with increasing core thorium concentration.

Blanket Power. -- The fraction of total power generated in the

- blanket decreased with increase in core thorium concentration.

2. Effect of Blanket Thorium Cbncentration

'a.

Breeding Gain. -- The breeding gain increased with increase in
blanket thorium concentration. - In most cases there would have
been little further increase from raising the concent¥ation above
2000 gm/liter. : :

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

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

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

- 3. Effect of Core Diameter

Q.

- b,

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

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

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

Blanket Power. -- The power in the blanket decreased as the core
size was increased. The effect of change in core size was least

~for the highest. blanket thorium concentration.

UNCLASSIFIE
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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 was decreased
by “increase. in blanket thickness, but the change was 'small in:
the range considered. .

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

4. . 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.

Effect 'of Fuel in Blanket

‘a. DBreeding Gai 337" The breeding gain decreased linearly with increase

in blanket U concentration. With 2000 gm Th/llter in the blanket,
the change in breeding galn between 0 and 5 gm U23 /1iter was not
significant; but with only 500 gm Th/llter, the change in breeding
.gain was appreciable.

"b. Core-Wall Power Demsity. -~ 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 increqse,in blanket fuel concentration.

- ¢. Critical Concentration. -- The effect of blanket U233 concentration

on the critical concentration in the core was -insignificant.
d. Blanket Power. -- The power in the blanket increased.nearly linesarly

with increase in blanket U233 concentration. The effect was greatest
for the lowest blanket thorium concentration. :

Critical Ratio

- Over the range investigated, the ratio of U 233 to thorium in the core
required for criticality passed through a minimum at core- -thorium concen-
trations of less than 200 gm/llter. As the core size was increased, the
location of the minimum moved from near 200 gm Th/llter for a 6-ft. I.D.
core to below 100 gm Th/llter for a 9-ft. " I.D. core. The location of the
minimum was not changed appreciably by variation'.in blahket’ thlckness,
blanket thorium concentration, or blanket fuel concentration.

UNCLASSIFIED




Breeding Ratio

1.3

1.2

Ak b

1.0

1.2

1.1

1.0

152

1.1

1.0

0.9

ORNL-LR-Dwg. -17863

15

I IASSIFIE
= iR
—— Sligal{l 1y
T e i i
] F~— J 1T e\
= o I~ -
I~
e r——— T ~
- ~ LU A
P~ ~
= Coy 1/
= o
&g
h
Yy
U WL Selojep g dolojeh Y 1 e o A
Rﬂ EEUOUEEDOEI E < Vil ) L
Tt
s -
M~ B
P~ [~
i - e
—
] ~ I~
=i o~ A .
o= (0)
iy
-
o
M~ =78}
$Uf)
7
Il
vd
———
] -
P
—t— Ty
-
P~ -
-~ \;
N~
=
~ ™~ o]
- D) ~~
- l
T~~~ -
e
- 10
] o/
A
_4 L4
L ){

Core I.D. (ft)




ORNL-LR-Dwg. -17864
U

o
o
i)

[}
2]

0
é

0
m

8
Core I.D. (ft)




Breeding Ratio

1.3

| UINC NN N N
s
A blankdH (J ey [— y
1'2 0
o = ] o ki
et i =
= /
A —
3 =l |t
1.1 — = el LD
- L
=
P
7/, 7
. adeiole
] ‘[i Hﬁl olelop ¢ o ojels p 4 3 /1 #4
A D: é nl Practi K
1.0 5 'l olelo e olole b ¢ ofelofop g ololof b d e &
/
}’
v
1.2 - — Hobdg {{
I s
e e
- L L] ——
il et
1.1
Pd
P
1.0
Lt {
1.2 = BE=Ca '
[ - =
ot
gt
Lk
ll
HECT- G >4 o
REDING| +R
1.0 8B = 2!
0.9
0 50 100 300

ORNL-LR-Dwg. -17865

I7.

320



ORNI-rLR-Dwg. -17866 18,
il 1 LASSIEIED
1h lblal 9 VAR Y= o) \‘
1.2 = o
——
=T |
= 153
1 gt /
= — ]
= I afe [
= > =
Jal e .
)4 7 o resse] (T.D. .0 i3
4 "’i W b | olejejo p d ojojol 3 [.,
g PO m LEILE LRI €
//’ ale ole alals als
1.0 4
/
1016} T
i —— e QOO O
— = Y
1.2001 = EEEEE
// Lt T
A ot
L u
f:‘ P
(o<1 B
91,1
o
i B
5
1.0
c 000
ao 4
et—t—1""1 b~
s 1] inee ——11 ~
1.2 — —— —
L1 L1 L4+
& 1
1.1
1.0 o
0.9 7 : .
0 100 00 250 300 350

150
Thorium in Core (gm/liter)




ORNL-LR-Dwg. -17867

UNCLASSIFIED _59‘
1.3
h [in [bidn (3@ il
Z0 ‘\,
1.2 o
! 7
REER 50
a TIh| In ér / |
i
rF! \
1.1 |
o Y . HA
Ui [:0 o CEOXEEDOXXE DD 1
: PEAGULOR vt €
1.0
1.2

J
|
I
®)

o
ord ———
ﬁ =
(=] 3
3 % 1.1
&
1.0
L]
1.2 s
= l
| [
= = Tl AN
] 1
101 I s e : -
FIG) |
1.0 iR 7 PRATE
ING| RATIO| OF TWD+REGTS
[}
0.
% T ® 2 3 L S 6 7

233 in Blanket (gm/liter)




Breeding Ratio

ORNL-LR-Dwg. -17868

20.
1.3 UNCLASSIFIED :
hd dilidn [ e[ B ‘hd'(d [iiked
- 0 3
1.2 — = -
h ¢ (] te )
P vegael NENELE
lol 41 4 4 qoojole U B L
Al e AR5
10
tOOPT N
aoie ]"t Ay
102 AV AV (V) l{
— 50 /
ihil
1:0
)
1.2 o001
'8
|
)|
5
1.1
16
1.0 5 P ENTRATION
10 =
0.9
3 4 5 6 i

u?33 1n Blanket (gm/1liter)



X3

1.2

Breeding Ratio
e
._l

1.0

0.9

008

0.7

0.6

ORNL-LR-Dwg. -17869

Thorium Concentration (gm/liter)

UNCLASSIFIED 21y
l . Cl Slele Ll
q ton b 4 3
ih‘m— . UEIERCE ) L a 2
ANEREN
bl 3 b
= 8
A / L
bt = Z
o 1
27 P
,1 =
,/ P
Pl
//
A /,
1/"

7

7
/
/(
y
74
A0d 1f
or ORI
/ DING RATI =
50 100 150 200 250 300 350



Power Density (kw/liter)

ORNL-LR-Dwg. -17870

UNCLASSIFIED 22.
15
N
~
I
N
10 \\ N
\\\ N
\\
T~ = ]
I~ [~ M~ Thiial,
5 ~_ 1 . Tinkd+ (9~—;,',
Totall fesctbr |power - 10D Mw—l ~ [ | T e
L N
U 33 ip Ylapket |..} 3 gn/liter T T Tl I T—5do |5
Prespure (vepsdl [.D. |..}t1Q fIt 131000 |{ 30
Pgispn|fractiqn |. . f. ..} G YA
0 b hal car (qav-\/'\k )l
\\
10
\\
~ ~
_— \\ \\
s —~
[~ N~ I~
5 e ~__| ~ |
[ L '\.\\\ ’\\\
\\\_\-\\\\_\\\P\\ N
=] i e R A=Y
I s e 1 !doo ):’r\f
EOOOE Y\
(0]
10
\
\\ ‘\\
T~ ~L_ |
~L T~ [
5 T T
'\\ \\\:\N\,\
‘\\‘\-‘\\NN N-\,\'\\
o e e J
Fif. 8 T Tt D OJ)’: o
20po [
OFr CORE DIA ‘BR 5
0 CORRE - bR | A
TWO-REGI LURRY REACTORY
& 3

Core I.D. (ft)



ORNL-LR-Dwg. -17871 ’23.

15 K UNCLASSIFIED
Total read¢tor poder|.]..|..]1d0 Mw
Preésgure veasel I.Di {....} 12 Ft
u2P3 inl b ax;lise' whada ) 3l en/Z
AN \\\ Polsan frdctiol oJeeboedec.d O
\
10 < ‘\
N ~
\\ \\\ <
N \\\\ I~
\\\ I~ ™~
- :
I~ \.\\ \_'\ n bl*"‘(e# (. /
\\\ 1 B et ) I
\N\'\N\\NN——-\N\ .Sco )
S [ p
2040 | ] 100
M
0 Tb it chyel (odon 2llid r\-T
\\\
I NN
-~ ~N ~
< S <
J+ \\\\ S IS
~ NN TN
4'? 5 ™~ I~ \r\\
o ] ]
a ™~ —~ [~ .
8 \\\\\\\\\\\
S
b ] [
¥
0
10 P
~N
NN
\\
~ \\
NS
5 \.\ \\\\\
] T~
T e Sy et Y — sab 0
T — oo [ 100
t 00 J
0
F1d. 9
ERFECT |OF| CORE D 6) RE -
PQWER IENBITY |OF| THO- ;Igﬁ 5L REACTPR]
6 7 9 10

Core I1.D. (ft)




Power Density (kw/liter)

15

10

10

10

ORNL-LR-Dwg. -17872

UNCLASSIFIED 2k.
Total| reactor POVET|.d.ehed.. 100 Mw
qsuré esBe] I OD CERE N KN :Lo ft ,
UV {° In{blankel .[..}.decpeq-. 3gn1_teF
POIEBO  of io EEEE I ED 0
T STembe ¥ (g Hte Ty
\\\\\ 586 \L
P Lopo 41
~._ T~ 2600 J\
ode_ LD -——J
\\‘ - L1500 [\
\\\ ..———'-"""_'-——-F—‘ t 0 k —l{ !‘{'
N !
LT 1] 2600| J
«q°
T \
1T | U let
) /// | 1 TPUY [~
\\\_‘///" —-—“—_"_______.._-—-—-—
_—
1d3. ho
7 St DR
afLlp 9T be [Tdo-ped ok
SLURRY HS
50 100 250 300 350

150 200
Thorium in Core (gm/liter)




Power Density (kw/liter)

ORNL-LR-Dwg. -17873

UNCLASSIFIED a5.
15
Total neaptor powen .| cf.e..}p.|10D Bw
10 Prespurle vegael T.0. [ .{.J-.}.{ 1P f¢t
U595571y bllagkelt |odoofeefeel--pod B gm/liter
Poigon [ETRCYION [ edeefoedoclocp o
1N \\\
LN
SN N [ | blfan kel (4
~N T
0 C
10
¥
\\ .
NN
NOR
5 [N N
N Lt [ |
NG ]
0
N
N
\\ \\ l//"’/’
\\ \\ T | L
‘\. l___‘"___..———""""’-“—_-_
[N ._——.——-.———-—-—"'"____—_——‘——-
5
FPIG. |1
0
FECT OF CORE THJRI CONCENTRATION ON| CQRE-
WALL HOWER DENSITY TWO-REGION| SLURRY | REACT'
0 50 100 150 200 250

Thorium in Core (gm/liter)




ORNL-LR-Dwg. -17874

UNCLASSIFIED 26.
15
10
[Thl i —bhodrk o4 (w7 e T
500
B idoo 30d
2000
5 17
- . Th i nxe (c\(}n/(i*er
0
Total rea¢tqr pover| .}.d..L.q 100|My
Presgure vedgsell I.Dle }.d..f. 10| L1
Core [T Do cdeehedec|ontodealsd VdE4:
ige) B:s raclio IEEYE XX 19)
=10
Q
e
=
~ -~
~
E G0 \[
ala s o Ws Wal
~ f; ;V K LYo
'g 5 oo
o
[0}
A
En
[
3
oY
0]
10
/50 A
A L\PY
——— -l /./, | \QRY \
T )
5 000
0 RIG. 12
D2 |
Jﬁ‘i:c OF Byrgfxﬁu “4 CONGENIRATT]
CORE+WALL] ITY or*rwowpmmn—
SEURRYR S
0 ) : 5

3

233 {5 Blanket (gm/1iter)



ORNL-LR-Dwg. -17875

5 UNCLASSIFIED 27.
Total |[repetor] ppwer |eobedeoh o« 100[(MW
Prebsure vesgel|I{D.| .}.J..}.] h2[ed
or .Dls UL ERY AR KRICER U CRE XX qu
10 gﬁi’tu f E.iiun oqdocfo o} e ") L9
- Th idn blakkdt & /\;Jr)-_—
2 SBE
i o AN
T 7 U\.
- 2000 =
Th] in[ cpre[(gi /ifiter) /
0
10
T
)]
]
~ -
—
~
é; 5
.
N besy 5do
- oo | Y200
o] (49 19)0)
[}
a
L
3
3 ©
[s W)
10
o D Lod
5 // \LnD
—1 | ]
B 2000
0 FI1G.| 1
- 33
"FEQT >7 omm,log
COREFWALEH POWEBR PENSTHEY ¥ DN
SEUKRY_R"\LOBS
0 1 2 3 L {

233 11 Blanket (gm/liter)




Critical Concentration (gm U233/1iter)

15

10

[
O

\J

o

10

ORNL-LR-Dwg. -17876

Core I.D. (ft)

UNCLASSIFIED 28.
'\.\\
| —t—t_]
B NN-“:N:N""N*.‘ Mk N % lahkd
1
Pressurle vedsell I.D. boedeefeo}e (10| F
UB3|1d blagket |..J. .}l .. | 3] a/2litér
Polgdn Praction {.oeefedecfseis | O
Nbedecjocbedecfofos]oofeqdecfets | 2F2T
\'\NNWN"—'*
_FIG. Nb
[EFFECT [OF |CORE| D] ER |ON| CRITICAL
comcggm'm DF (U433|IN CORE OF
“REGLON| S Y ORS
7




ORNL-LR-Dwg. -17877

15 UNCLASSIFIED 2.
\\
Tt \\‘\.N i
e S S iy g+ /Tfferl J—1
. =5ap {300
Th re ((}M/l dev) 7
5
- Pgespurte vegsql [.D. |..}.4 12 £t
U425 i blapkdt [.]..]ee} o 3 lam
P PTRECCLQN |+ o i oe v} o 4 0 -
oy nN_INE
i} Beecjespodosfsoqgocecped =3 =9}
0
&
Q
el
ol
—
~
A
Q10
=
- g
= —y
» :8 MN:\-\_\“‘ |
) g 5 R S S — 0t
é ~ &0 ZCO
Q >
8
(e}
[&]
—~{
g o
ol
4
o
o]
(&)
10
5
:NN"“N% -
) — 0 1 s
50 )
0 FI1GJ 1p
CORE| D ON| CR}_’S%ECAL
C TRATT FTU9>> X
~REGTON-SE S
6 T 8 10

Core I.D. (ft)




ORNL-LR-Dwg. -17878

UNCLASSIFIED 0.
15 '
Pres vedsel 1.D. }.{...10 fit
U<PS|ing bladket [....}.J..[ 3 gm/lifer
Pofison Fr&acHYion (.« e}« qd.efe
10 Y 2 gL: =
loo e ol o p o qeolee se[o e podeele ol / foo
AL £+
X (c\}‘\ \\ - ?%\ q
\G\ds“\k' ;2/ N f
£ 0 ‘22 org 1D ]
5 ===
L=
=T
/ﬁ/‘/’
/.‘5"/"9
——
0
m
o
x
ot
—~
o
c
c(1?:310 7/ 0%130 —H
g =
g /‘4//
e . P =
] /4/' '
52 =
[=] /%/
o %—Z -
g ==
8 ,//j
3 e -
[4)
90
o
5
3]
Poop )| |
//: go:; o Ft
=
;‘/
P
,¢¢,//
A
5 : //./,/,
=1
4
=1 |
0 FIG. 16
EFFECT DFCJRE. THO FRITICA
CONCENTRATTON OF [U9 CORE OF
TWO-REGIION| SIURRY ORS
0 50 100 150 200 250 300 350

Thorium in Core (gm/liter)




Critical Concentration {gm' U233/liter)

ORNL-LR-Dwg. -17879

UNCLASSIFIED 31.
15
Pressune vegsel I.0. L.4....[13 £t
U9°3|1q vlagkelt }.J..b.].J..] 3 am/litlr
Pollson [fraction doeefeedesfes| @
10
n eohecloohbodocfeoopsoeehoqdocles aq.ap
— T I\A} A
preel T A~ Isoh (104
? o J
\a‘f\"q“r \%4¢ ]
5 v \(\/’4%7 LOorR lD /
_=F |
| =T
==
,é¢%§%
=T |
0
10
__{—"P0 0 .
L AA~bod [O]T
LT ”
|
5 . L—1T1
=T
L= |
/?"’9‘7
=1 |
0
2000)
A 19588 L ft
> =
10 =
T~
]
o
= =i
ot
=
5 pe==t
==
== |
= e
0 yig. L7
‘Fgcm_or ») oalmg!{uon CRITICAL |
CONQENTRATION Ur-Y IK CORE (F
TWO-REGION | SLURRY |REACTORS
0 50 100 150 200 250 300 350

Thorium in Core (gm/liter)




ORNL-LR-Dwg. -17880
UNCLASSIFIED

[h [in|blhonkeH (qm litler) —

£

— 20300 by Ya
—lsog 7
Th\n dord (Jm \'l\'ar\—'/
ggﬁ;{g ]_Q_QFQ DL 10 T
:o].e .]). ool 0 ool oepoe 7 f1!
Péison|frhackion |..}.| P
T] osjloehoecdocsfprogecionpoe 0‘.5
B
o
ot
(]
>
™ 10
(Y}
)
L
8 = £0Q0 ar;O
bt ~ 500
g D
o]
P
g
0
o
=]
[e]
(&)
—
8 0
o
e
o
o]
(&}
10
—PQ \.u‘n
== — 500 J g
FIG: 18
ECT —BIANE{—Q;;B f R
TI DF |11 C
rwo-nm:toﬁ SLUBRY, REACTORS
2 4 5

U233 1n Blanket (gm/liter)




ORNL-LR-Dwg. -17881

UNCLASSIFIED 33.
15
10 Th i blbnled (\m/l]\ ) <
_?OQQ-)‘)\A
—lsod §OPY
Tih i or:(<|m/|'|ic'\ 17
5 Prs e'mel ],cDo b odes oo 12 fb
Coke|ID.|edeclefecfospedssle.| 8 £L
- Pollsén fréction {....}.d..[..| Q
‘] . @ s ejo o peoge oo IR I B AR N AR NN 2.‘
0
m
Q
P
o
—
=
oM
Q
L 10
b
) §
pe)
2 5 /8000}){”\
- +L B | vees
[=]
3]
[4]
[}
[e]
o .
3 |
m .
Q
=0
o
| 3]
[&]
10
5
_060]
=150p 4100
0 FIG.|19
- EFFECT |OF| B 233 ON |CRITICAL
CANCENFRATION [oF| U233 IR dORE OF
TWD-REGILON YLURRY REACTQRS]
-
2 5. 6 7

3 n
233 {n Blanket (gn/liter)




ORNL-LR-Dwg. -17882

UNCLASSIFIED
10
9 PrPSSUI‘e VeﬂBe ][ .D . e e ele e lc & 12! ft § -
Core|eéagmppsitipn|.J..}.{..[.. D20-Th0 -UT -
Pollsdn [fraction |.J..L.{..[c.]| O
T] ) e soe oo o oo o I X ExIrs 02
- :
8 N
- A
/A |
— /
g 7
- AV
<
o /
™M y
o /
/1L
L} /
8 1/ /
- pel Vil 4
g £ 1/
2 y
g /
- - Q
- 9 /
2 5 ‘
o / /
- — L
‘
y
/
4 A
/|
4 //
- y.a%
A
3 p.
) ,/
/
//
//
2 yav.
/
//
- /’/
] 1 po 4l FIG. | 2
V .
Pala ﬁjmmum CR
% TIPN |OF QNE+
7 SH TGAL] REACTORS
74
°% 56 166 I 20 b

Thorium concentration (gm/liter)




ORNL-LR-Dwg. -17883
UNCLASSIFIED 35.

0.3

0.2

—
P~
]
~ o 1 - ——
. B
==
[ 3] T
& =
]
n‘  B—
e
0

Jel

Core I.D. (ft)




ORNL-LR-Dwg. -17884
UNCLASSIFIED

0.3
_1- P *
Qv slefe ol
B v | elobaceleh ° L"t
0.9 M A ofs Heof L ‘Q
- —
— -.-H
0.1 === o ]
i " i TRITE
S T s o 1
- B THer) 4
0
o =\
n/dore [(hm/TiVe
0.2
-~ ~~
- = ]
= (¢! I~
I
B4 BaEs
Re
m
[a™}
0
0.2 = =
—
B
E—
s o
[~
B
ey
0.1 BN
0
P
£ '
&) 77 10

8
Core I.D. (ft)




ORNL-LR-Dwg. -17885

UNCLASSIFIED 37.
0.3
m .| » .
N reasel{I-Di {+-
* Y 3o bbb | e s SR
0.2 P £
A N
N
\\‘ =
~
0.1 B #
N ] ] i i 5 (e 7
- - = ]
. [~
T
~—_ L
i
o e
N
AN
N
N
\\
0.2
N A
s 5.40'1 I s e Y
|
Qm ™ ]
: o - NEP
i —— \ T
{
|
N J
o[ %]
AN
N
\‘
O.9
=
.
.
0‘1 ~~
‘N o
- \
[}
0
€
'WQ
100 00

Thoriwm in Core (gm/liter)




ORNL-LR-Dwg. -17886

UNCLASSIFIED 38.
2 olole n
of Podojejep
,‘I tw OO X XKD b'_g[}ll
B — § [
T B e

O
Thorium in Core (gm/liter)




ORNL-LR-Dwg. -17387
UNCLASSIFIED

AJ

a1

—

,——
——y

S

=

1A

p—

LY
1
1}

i\

Van}

™V

1A}

Uil

U233 1n Blanket (gm/liter)




ORNL-LR-Dwg. -17888
T

[5

3 I AS B
oelop b dojele \J ﬂ"’
T i
= v LALd -
2.9 2
dolojop 4000
- = —’\
VA L4 J
o L~
ARSI =l
3 3
iy et
v -
= 1 {
-~ 2 N
= U\
pt=1"1
—1T"1
11 D l I
J
il r] (, Fliter i
n
C'
]
b
-1
1 LY 2
L~ N \
fa
T WA
-
=
=
- 0 NAOM.
o\
D
4*’
P [
-t
P
1
1
L
- o
1 N
1 -
@i OO
i -
-
L+ \
= \
L1 \
1 NN )]
1 YUVWV s
e e
feept=T""|
—
b |
P
T
'y

0233 1n Blanket (ga/liter)




0.040

0.038

0.036

0.034

0.032

ORNL-LR-Dwg. -17889
UNCLASSIFIED

L1.

LO

|
e
I ‘ TE:—
®
g
~K ;L_
|=

N

00030

,
NG

(%—,‘;;3) in Core

AN

0.026

0.02k

0.022

H

D

Bic i

0.020

100 200
Thorium in Core (gm/liter)




0.0%0

0.038

0.036

0.034

00032

o
o
8

) in Core

0.024

0.022

0.020

ORNL-LR-Dwg. -17890

200
Thorium in Core (gm/liter)

UNCLASSIFIED 4o,
:L
le M I q (oo pdejajep L’
égtﬁ‘hﬁh . ole = D 11{erx
Ml dolele sleje s olele
h . dejajop s dejojop v/ /
7 PR % 7
T ,
:
'/
+
T
N\
| ‘ ™.
1 e
A
[
5 y,
| /
1
K
L~
I~ 1 A
™~ L~ /
i4
A
IA/
A
S
L
/
P
l,
=
L e
= EF] ORE DIAMETER i 1
= GR LRRE. : —
FOR ngmm‘%
100 300




ORNL-LR-Dwg. -17891
UNCLASSIFIED

43,

0.040

'.-l

o |

SR
¢t
3

0.038

0.036

D

0.034

0.032

Yol

\

) in Core

em 23
gn Th

0.02

0.02

0.0

58

i afe
Bl

CI°T

0.020

100

200
Thorium in Core (ga/liter)




ORNL-LR-Dwg. -17892
UNCLASSIFIED

[ {
5 = ‘
- 8 £
g a &%
ﬂ ~N L5
Lo
5 cﬂ\?ﬂ 4
&I & 4
/[V
0. e
pd
/’
A
A pa
- ] A
ot ]
A
: 0.02 =
0.024
*®
4 0.02 36+
Fratedis
WO - SHURRY | HEA/
0.020
0 100 300

Thorium in Core (gm/liter)




ORNL-LR-Dwg. -17893
SSIFIED

0.0

0.03

N

\ __ﬁ__‘
~

0.03

0.034

A .

0.0?

o
Ll
o

3) in Core

em 23
ga Th

(

<

o
N

B

N

NN

AN

NQNANY

AN

\\

Vi

\

JI 117

1

/

0.02

0.0

1

200
Thorium in Core (gm/liter)



ORNL-LR-Dwg. -17894
UNCLASSIFIED
0.0k0

46,

B4

£

t
00038 'trh.., P §dejojop o

0.036

0.034

0-032

in Core

ANAN

A

o
mé‘. &

L} £eiee

0.02

AN

\
AN

\WAVAY
\I
AVAY

0.02

0.0232 T

U

0.020; 100 200 300

Thorium in Core (gm/liter)




ooty

UNCLASSIFIED

" Table II

Nuclear Characteristics of Some 10-ft Reactors*

Feature
Pressure vessel I1.D., ft | 10
_Core I.D., ft 7
Core Th, gm/liter 100
R Blanket Th; gn/liter 1000
Blanket U233, gm/lifer 3.0
Core critical conc., '

.gm U233 [liter 3.0
Total power, Mw - 100
Blanket power, Mw 8.5
‘Bréeding ratio : , 1.18
- PD. (core avg), kw/liter 18.0

. PD (blanket avg), kw/liter  0.89
~PD (0); kw/liter 43
PD (a), kw/liter 5.4
~PD (b) kw/liter LR
¢2C(avg) X lOFlh 2.3
¢ (avg) x 10 ; 1.1
4 (0) x 1071t - 5.5
Absorptlons ** in core by:

U 95

_* Th 2% (resonance) 2h.6

Th232 (slow). 39.7

- DO ' 3 1.4

AbSOrptions in core tank 1.5
Absorptlons in blanket by:

| 333 . 8.5

e3P (resonance) ' 16.6

_ ': Th23 (slow) 36.6

‘_ Do 0.1

. Fast leakage ‘ 3.5

Slow leakage | 1.0

** Absorptions and leakages normalized to 100 ébsorption in U233

. .
. Reactors have no igotope buildup or polsons in core or blanket

10

200
2000
3.0
6.0
100
2.6
1.21
'18.5
0.27
16
5.0
1.7
1.2
0.3k
2.9

97.4
%.5
4.6

0.7
. 047

2.6
16.6
22.5

0.0

2.2

0.2

UNCLASSIFIED

Values

10
7 .
0

2000

3.0

1 0.96
“100
10.6

1.14

17.6
1.1

45
k.o
8.1
7.0
1.k

17.9

89.4

4.2
3.3

10.6
22.3
91.6
0.1
3.2
0.3

10

300

8.0
100

0.97
19.7

29
19

0.96

7.6
1.4

-100.0

48.3
48.4

0.6
2.4

0.8
2.7
21.8

W7,

.10

100
1000
3.0

2.3
100
ey
11.05
8.6
1.2
22
2.1
2.0
1.4
1.5
3.6

95.6
26.6
52.8
1.8
1.2

L.y
- 6.0
19.3

0.1
10.5

6.7
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Table III

Nuclear Characteristics of Some 12-ft Reactors

' Feéfﬁre Values
Piesspreﬁvessei'I.D., ft 12 «12 12 i2 12
-Core I.D., £t 8 8 8 8 10
Core Th, gm/liter 100 200 0 1300 100
- Blanket Th, gm/liter- 1000 2000 2000 0 1000
Blankeﬁ;U233, gm/1iter 3.0 3.0 3.0 0 3.0
Core Crftical conc., a
_gm U233/1iter 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.(ébfg avg),‘kw/liter 12.1 12.9 11.8 13.2 6.h
PD- (blanket avg), kw/liter 0.hb 0.13 0.61 Lo 0.50
“PD (0), kw/liter 30 32 3 19 16
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
Boc(ave) x 10724 1.8 0.93 6.2 0.68 1.2
‘¢éB(avg) x 1@'13 0.5'6. 0.17 0.76 2.1 0.66
‘¢'20('Q)-x 1o°1-2‘L k.4 2:3 16.3 0-98 2.9
Absorptions ﬁ* in core by:
y?33 92.2 97.7 89.2 100.0 9k.6
** Th (resonance) 25;h 4.5 - h9:5.: 26.7
Th (slow) 46.0 7.1 - 52.6 56.8
- 1 DO 1.6 0.8 5.6 6.6 2.0
Absorptions in c¢ore tank 1.4 0.6 3.4 2.4 1.1
Absorptions in blanket by: ? o
' U2\33 7.8 2.3 10.8 - 5.4
Th (resonancé) 15.6 14.3 21.0 - :8.6
o Th (slow) 33.9 19.9 93.6 - 23.5
D0 0.1 0.0 0.1 1.1 0.1
; 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 abgorption in U
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50
Table IV
L4 Nuclear Properties and Input Nﬁmbers
’ Th Th D0
f:t'er Z Z 2 P - T Dy Dy
' ‘__a a
i} em™t em™ Cme' cm cm -
0 0 L4455 x 1077 1.0008)  206.6(3)  1.621(3) .226(3)
100 1.27 x 1073 4,393 x 1077 0.868 206.7 1.605 218"
200  2.54 x 1073 k.32 x 1077 0.795 = 206.9 1.59 .209
300 3.81 x 1075 4.290 x 107 0.740 207.2 . 1576 .201
. 500 6.35 x 1073 4.189 x 107 0.660 -207.6 1.548 184
1000 1.27 x 102 3.924% x 1077 0.52h 209.7 1.483 .1h2
- 2000 2.5 x 102 3.h02 x 107 0.346 217.0 1.367 .070
Temperature = 280°C
Wt % D0 in moderator = 99.75
Extrapolation-distance = 15 cm
) 7,(23) = 380.7 bn ’
G;(Th) = 4.89 bn
) 0.(D0) = -1:758 mb
9,(23)/0_(23) 0.90
N = 2.25
p(ThO,) = -9.69 gn/ml
o p(D0) = 0.8395 gm/ml
) Dy = 0.980 cm
S -1
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Estlmatlon of the Effect of Core and Blanket Poisons

Upon Breedlng Ratlo and Crltlcal Mass

It is desirable to‘havé a simple metho@ of estimating ﬁhe effeét

of changing core and blanket poisons upon breeding ratio and critical mass
in thermal réactofs without tﬁg need of making complete additional twé-group
- .calFulationsl Satisfactory approximafions may indeed be made'for poison-

fréction increments of less than iﬁ% of the fuel absorption cross géction ana

for reactors that are large compared with a neutren mean-free-path.

Cbnsider the case where only one fuel is used in both core and
blanket. The breeding ratio mayibe writteﬁ as

c M M
: ; 'AC' + AB + A + A + AB + Ll + L2
[ Bn Rv = TI - l - . F

F
- : AAC+A'B

- v where Ag y A% = absofptlons in core and bianket respectively,
’ .in any homogeneously dlstributed material which
is not fuel, p01son or fertile materlal
AS = absorptlons in the core tank
Ag s Ag = absorptlons in the core and blanket respectively,

in p01sons ,
i Ll, L2 = fast and slow leakage from the reactor
- F F

absorptions in fuel in core and blanket, respectively

fcs A3

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 léakagé are unaffected. Thenb

F F

. - AA +AA.B o Mo Ky g Ay
- F iz F _F F . AF
b Ao tihg

AC + AB Ac +
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the incremental change in the: poison fraction

in the core and blanket, respectively,. where *

the p01son fraction is deflned as the ratio of
neutron absorptlons in poison to neutron absorptlons
1n fuel in a given region. =

where Afpc, Apr

For one fuel we may write

F P r P
e o - Ay _ T
F F - ’ F F
AC + A PT AC + AB PT
Where PC s PB s and PT are the core, blanket, and total reactor powers,

respectively. .Therefore

A B:R. = = Af — = Af =

This approximation is in very good agreementlhith breeding increments
obtained by comparison of complete two-group two-region calculations,
as will be shown later.

Estimates of the change in critical mass are somewhat more difficult

to make. Generally, for blankets which are fairly "blaék" tofneutrbﬁs or for a

large core, increments of a fewhpercent in the blanket poison will produce
negligible changes in the cpre fuel concentrations: In the case of a "black"

blanket, the core bebhaves almost like & bare reactor; in the case of a large

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

produce much more significant effects upon the crltlcal concentratlon In

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

macroscoplc absorption cross section as:

F (1+ 7“32),( 2,: + D2132)

Z‘a ) np - (14 7’132)'(1 + fpc’)
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Where 3 refers to the absorption cross section of . F(fuel), and E*

(a1l other materials except poison but including fertile), D, is the

2

thermal diffusion constant, p is the resonance escape probability,

pC
meagings.‘ ;f an increment .Afpc.is made in the poison fréction,
(i.e., Afpd" = final poison fracticn - initiél-poisbp fraction) the
’neﬁ fﬁél.cfoss section is
F - (1 +TB2) [zf + D, 32] o
ZE: = , ~ - -'2, = ::#
a n p‘f (L +7B7)(1 + fpc+- Afpc)

!

N

o
|

‘ ,-,p’ (1 + TR + fpé)

ZF np - (1 +‘7"Be)(1 + fPC) - Afpc('l +7”32§
L. e
Q| S
lf-’T{Bg ‘ pC

This result is correct for a one-region reactor. For a reflected
reactor an equivalent.B2 would be foﬁ@d by éolving the one-region critical
equation as a quadratic in B2 using the known core cross sections for'the
two-region reactofl The result of this procedure will not be exact, but

for the cases examined here the results were qﬁite accurate.
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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/iiter and 3 gn U-233/liter° The breeding ratio with no
poisons in the core is 1.175; PC = 9l.5Mw, P_ = 8.5 Mv. What
is the estimated breeding ratio dhange if: (a) %he blanket poison
fraction is 0.04%; (b) the.core poison fraction is 0.036; (c) the
core poison fraction is 0.036 and the blanket poison fraction is
0.0k )

- - (o.0b) (8.5)

Solution to (a):  AB.R. 155 - 0.003
Solution to (b): AB.R. = --'<0°o36ioé?1°5) = - 0.033
Solution to (c): AB.R. = - 0.003 - 0.033 = - 0,036

.‘The changes in breeding ratio calculated. using:the’ two-group two-region Oracle

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

with cores from 6 to 9 ft. I.D., core Th concentrations of 100 and 300 gm/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 crogs-section, and blanket poison
fractions were 0, 0.013, 0.024, 0.0k, 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 ﬁas high in all cases, and
for most was in agreement with the Oracle value.. by 10% or better. In four
cases errors of 15 fo 38% were no‘ced° Two of the cases were for 9-ft. cores

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

error'was connected princiﬁaily with core poison increments. It would dppear

that these largef errors are due to increased leakage from the reactor. In

the 9-fﬁ. cases increased 1eakége is due to the smaller blanket ﬁhickness, and in
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the 500 gm Th per liter cases, the higher power density and lower 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.) _

Illﬁstfation B. -= Calculation of change in critical concentration
due to adding poison to core.

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

— —
E X ".F“u
2 1 zz + 1 \/ l(za + 22 L)) (np-1) £, - zz
eq 5 D2 V\2\", ¥ i B, 7
Where zi - 1.3k x 103 emt

2.93273 x 1073 em™+

o

D2 = 1.218 enm
T = 206.7 cm2
n = . 225
p = 0.868
Biq = 6.5505 x 10'll —

This corresponds to an extrapolated radius of 122. 75 cm or
addlng an extrapolation distance of 6.33 in. to the core radius.
The correction to the critical concentration was obtained from
the formula:

1
2 1
ZF L Mo
a _.32__.2-‘_(]_4.:{'0)
1+ T8 P
For- this case, f c = 0, Af CA= 0.036. The new critical concentration

estimated from this formula is 3:14 gm 23/45 as compared with the two-
group Oracle calculation result of 3.13.
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Similar excellent agreement was obtained:in allAéther ceses ﬁhére
’cemparison was pdssib’le° (An extrapolation distance of eix iﬁches vas

shown to be adequate for all of these cases. ) Although fﬁrther tests will
be necessary to discover the limitations of this method of esﬁimatien, it

is likely to prove successful in the majority of cases of interest.
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_ An increment in AC or AB
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Notation

'Thermal absorption rates in core and blanket
" respectively. (A superscript indicates the

material,)

Absorption rates in core and blanket respectlvely,
in material which is not fuel, p01son, or fertile
material. - -

1%

Absorptlon rates in core and blanket p01sons,
respectively..

Absorption ratés in core and blanket fuels, respectively.

Absorption rate in core wall.

Fast absorption rates in thorlum in core and blanket
respectlvely.

(TTfR) for a bare reactor which is critical with the
same¢ material comp051t10n a8 the core of a two-reglon
‘reactor (1 e., same fuel, moderator, poisom, fertile
material concentratlons), cm.

Breeding ratio (absorption rate in fertile material in

core and blanket divided by absorption rate in fuel in
core and blanket)

An increment in BR.

Fast diffusion coefficient, cm.
Thermal diffusion coefficient, cm.

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

Poison fraction in blanket (ratio of p01son abgorption
cross section in blanket to fuel absorptlon cross section
in blanket).
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_Apr An increment in pr
'3 ' i Poison fraction in core (ratio of poison absorption
- pC : : -
. cross section in core to fuel absorption cross
section in core).
)
Af An increment in £
- —pC pC
Ll Rate of fast leakage
. .

L2 Rate of slow leakage

P Resonance escape probability

Py Blanket power, megawatts

P, Core power, megawatts

, PT< Total reactor power, megawatts
PD Power density, kw/liter. PD(0) is the pover density
/ in the center of the core; PD(a) is the power density
S / _ at the inner surface of the core wall; PD(b) is the
" pover density at the outer surface of the core wall.
N R The extrapolated radius of a reactor, cm.
] Number of fission neutrons produced per absorpﬁion of
a neutron in a fuel atom.
¢2C(an.),l¢éB(avg,) Average thermal fluxes in core and blanket regions,
e ' respectively, neut/cm“ - sec.
- ‘ ¢2C(O) Thermal flux at centér of reactor core, neut/cma-sec.
L 4

P Density, gm/ml.

3;, Miscfoscopic absorption cross sectioh in barns averaged
over Maxwell-Boltzmann distribution. (A superscript
is used to indicate the material.) '

23/ 23 . - s . . :
o, ~/¢ Ratio of fission to absorption microscopic cross sections
1 i a . 233
1 in U<33,
v
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z Macroscopic absorption cross section averaged over

8 - a Maxwell-Boltzmann distribution, em”l, (A superscript
is used to indicate the material.)
” F- . . . -1
Za . Fuel absorption cross section in reactor core, cm .
Ny V‘E
20 Absorption cross section in_core of all miterial which
is not fuel or poison, cm”
-
7J Fermi age

]
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