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Uranium-233 hns previcusly been profuccd in & 4:2 mixed lattice of Mark vzcc
tvo tubo drivors and 82 1b. Mark V-TO ThQ, tarsots (Ref. 1). A subsequonb
coapaden io plovned that will use & 3:3 lottice of Mark XIX-A three tube
drivors with simllar ThO, torget nogembliez. This report documonts @
parcmetric study of this pecopd cempaism; the production rates and
reactivitios of various combipations of driver snd targot desige are
procented. The specifications for cempaign IE (Ref. 7) wore based an wvalues
deacribed haorein.
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DISCUSSIOW

The purpose of this gtufy s to provide bockgrournd materinl for design of a
233y produeies lottico. The orgamizaticn of the study woe 0a follows:
1. Dosign o geries of 232%n torgot oosesblies. Ia thic case aosendliics
woighing 62, 82, 103, 123, and 14l 1lbs were studicd. Dincwsicns of
the target doai@u are Mated in tedble I.

2. Calemlate the inttice recetivity of each targot design in o 3:3 owrny
with Mork XIT-A driver asgcblios for cach caso, detemmining tho
optimum conccntration of 2357 in the driver asoewblics. The indtind
Mark XII-A Uranium isotople %ﬂzion is showm 4z Teble IX.
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3. Evalunte the profiuctivity of cach torget design, consldering both
233y cna 23%y,

In gerarnl this study wes based on o) technology devoloped éuring the first
ThQy campaign (Ref. 1), b) some SE measuremente of control rod worth in
a lattice of 1 Iy Mark XIT-A drivers end 82 1b targets, @nd c) naw

ealeplationnl mothods doveloped durinmg this situdy. Although the product

quality, DED 232U, hag not beon apecified For the ThOp campaign, the siudy
asgumed that it vould Bo in tho 5-10 ppm renga.

ar A S

kmtgﬁal

Mark XX¥-A avd Mark VeT0 cold clesn cell caleulntions were made with the
BAISTER code; coll powemetors and tho lattice ordentotion shown in figurc 1
were used as ingut to the SBL HERESY X code to calcnlaste the lattice matorial
tucklings shovm in flsuro 2 ced tho relntive control rod worths shown im
toble IX. A cemparisom of calculatod end expordmentclly detormip2d rod vorths
for tho Mavk XX%Z=A, V-TO lattice is showm in figure 3.

An catimte of the mnogin of control for initiel critical iz showa in figure b.

A gimilew ogtimmto of the Maek VI-C, V-0 margis of ctonrol wos 163 micyobuchs;

tho obzoyvod volve vas 146 microbucks. B
Inttics Barnup - Reactivity

The deocresse im lottico recctivity with fucl burmip was calculated for sach
target content using the HAMMER-HERESY codes. - The Mark XII-A initial uranivm
coptont was chosca to give 8 £1at zome material buckling of 170 micrchucks
after on euposure of three tokget cycles (the geometrical buckling of tho reactor
4z ahout 150 microbucks; 20 microbucks wore added for control). The rooetivity

transients exo showm in €igurc 5. RS 2R SRR

B3y protuction

Tho OFFIURY cofo 46 o emo group point caleulstion wiich solves the 232Im to

233y ematicn cholm; tho dnto - iopat conoists of offective pllo cross ssctiocas,
(n, 2n) noatron £luzes ond target fo fusl thermal flux ratio (Rof. 2). Tho
effestive pilo erooo scetious, for isotopz 1 by

2 . ¢ 4 (et
= o e Bl W
(1) (ofeective = (thomeadl 2+ (JZast 5""‘""@ rroeR

were calcalated with the HUMER-HERESY ccds sogmerco for & epitlcal 1ottieo axd
ere listed 4n teble INX. The Sorivotion of the n,2n moutveon flwx contribmtlons
from odjecent fucl oad torget figsions ave dlseussed inm the spposdix. Targode
to-Faol thernl £l ratios were calenloted os deseribed Rolow.



August 18, 1966 . DESP-66-1384
L. W. Fox F RTR-8T0

Lat A = pcutrorn cbsorptions, desigmated thoxrnl = 8, fost = F
i o any isotope in cell
J = reference isotopo in cell
= Th232 g{n target coll, U235 in fuel cell
Then
™
(2) Total Heutrom Abzorptions = Z ( As A.:)i

ol t
As
= SRR A
=t
wd t
= Z, Ci As R
iz v
and to calculnte vin soparate chsorptions for 1 + ) isotopas
one obtoing a
-l °
- i )
= 2> [—"'F% * 1] As 1}
i;éj::n FCJ
vhere

(3) A A; . |
fi= —x BEST AVAILABLE COPY

L4, Bi end Ag can be found from the HAMMER-HERESY caleulation gegqueies for
& critical lnttica. iov lot Ap, Ap ropresent torget cmd fuel total cbrorptiona,
respactivoly; then:

()
A . ®
A :éa (%zP‘ i i) AS e
-—-—AF = %‘: (_,f& - N = from HERESY
T B 1) As (Cz=
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(5) —— o thorml flux retio
Ue -
Linh P [< X 34 i\ -
o é“k Ces e d) ] ?:25 Ves AT
= 2 .
; EFe
-Sﬂesg(%zFi+i) 202 Voz Ae

A plot of ":p.'l’ ig shova in figurc 6.
V¥

In all prefuction colenlny » Mark XIi-A asacodly power was held constont et
11 1%j. Tho dopzodonce of ol Kucl exposurces, plottcd Lfyen the OFITUR
rosultg, ig ghomum in Ligure 7; tho oposurc dapondencs 4s the sowmg for the
throo t0rgot cyeles for 5 prm 232U comteminntion. Uranium-233 preofuction is
ohowmn in figusos 8, 9, 10 axd 11.

As stoted pravicusly the QFFYURE cocde is & single point caleulatiom. Tha énto

in £igurcs 8 through 1l arc shoun in thig way. Adjustment of the point _
colculation to the "choxge averege” prm can be made im tvwo voys: by integratimg
over cach torget subregion, or by multiplying the “poimt™ ppm by & shopa

foctor. For tl(m iottico gizo cont;i&are& herc, and ot five ppm, the sbops

factor lovi.l5(oxposure dspendent)}. The 5 pIm chorge ovorags: point 4o chowm

on figurcs 8 through 11 for convenience; the chape fector is éggeuamﬁ ia Appondix B.

Tcmpogature Cogfficlents

Calculation of ths tamperaturs coefficionts in the Mark XXI-3, V-TO lattico
uolng tho HAMER-HEERESY code sogucmes cappot be made bocowne the HERESY therol
utilization powemetors do net conoider soptifoll cells with ghadowed conbrol
redn. An alicrente procefure combisas HERESY calculntlons for the Mark VI=C,
V-T2 1ottico with mononeod tamgorctwre ecoofllclcnto to defimc soptifoedd
posenstors for edch control reld ceafipnzatics.

Tio ¥ark VEC, V-T0 colemlnticao ope plotted dn figers 123 monourcd tcomopabaro
ecofficiomto oo 1doted 4n Reformamce 3. Tho septifoll coll prrometors thkuo
dofirad opp ldoted in tobhle XV.

The Mark XXX-A, V-TO HERESY caleulnticns (for 82 1b toargets) ere ploticd in
figure 13. The septifolil prarmsteras (tedle V) wore used with Pigure 13 to
vredict the temperature costficlenta 1listed in teble VI.

5P gvb -—




o Moxrk V~T0

Cutor Cmmg, in.
0.D.
X.D.

ThC» Core, im.
0.D.
1.D.

Innere cm, in,
0.D.
Z.D.

g
E

|

PEgP=-66-130h

RTR-870

Th02 Target Welght, 1ba

. Ton sluga per tasget assendly, olug legyth o 15.2°

. ThOp campacted dennity = 6.406 gua/ce

s Mark XYX-A: Iaitial Xsotopic Campositicn

ﬁ Abundanco

Isotope
234y
235y
236y
238y

1.5
80.0
1.0

1.9

[ E - 03— 123 Tk
3.076 3.076  3.076 3.076 3.076
3.026 3.026  3.026 3.026 3.028
2.605 = 2.450 2.283 2.10% 1.205
2.605 2.400 2.283 2.104 1.205
2.35% 2.450 2.233 2.054 1.855



Teble IX

Countrol Rod Woxrths

N xxx, v-ro = K - AP viec, v-TO

Gns 23%y 1p Mark XXX K
750 0.9934
1600 0.9560
1250 0.9278

. Red vorth ig omly o 8light fumetion of
target velght.

DZ8P-65-1384
RIR-8TO
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Isotope
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Table IXI

Effcctive Cross Sections., harng

__Target Weight, 1bo.

Roaction _ €2 82 103 123 itk
eapture 6.15 6.06 5.97 5.94% 5.90
2,26 0123~ .0123 20123 .0123 .0123
capture 1125 1125 025 1225 1125
captwre 218 238 218 218 218
eapturc 601 €01, 601 601 601
copture 67 o7 67 o7 67
copture 105 105 105 105 105
fission 421 %18 41h.7 408 400
capture (] 7 5 72 7
fission  LO5 397 39L 388 .387
ceplure 5 76 76 Ti T

LEST AVAILABLE cgpy
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Tabhlo IV
SRI, HERESY I

Septifoil Paramaters

Red {1 - fl control rods®
Coufisurgtion Cold ot
crpty scptifoll 0.22% 0.109
l x 3.28 .0165 .018
1 x 1s.k48 0116 -0089
2 x 3.28 .0108 .05k
1k.hs + 3.28 .0059 0060
3 x 3.28 0056 .0050
2 z 1b.bS + 2.x 3.25 .0038 003k

< Cold = all compozonts at 20°c
Hot = ell components ot 90°C
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Pable V
[ Mosk XEX, VeIOR
Temporoture Coofficicnts
Calculated Measured
Iattico Confisuration c«:ﬁelgggient, cﬁgégmt’
Proemt Coefticient
FZ-0 -0.55
FZ-5 -0.50
Over-0ll Cosfficicnt
FZ-0 -1.10 +0.91
-1 (g.@s) -0.57
=1 {(14.k8) -0.64
-2 {2 x 3.28) £0.6h
-2 {1k.4s, 3.28) «0.71
-3 {14.ks, 2 x 3.28) -0.43 -0.85

-4 (2 % 1b.4S, 2 x 3.28)

«0.29

o Magk XII o 1000 Gas 239

Mark V-T0 = 82 1bs ThO,
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Table VI

n,2n Plux Calculation, Adfacent Fuel Iota

Fo. of Drivers

Jlorcm  "VIC  XLIA K, (0.0913 /(o)
17.78 4 3 0.150
30.79 &4 3 0.039
35.56 L 3 0.024
46.20 5 3 0.008

' 53.34 4 5 0.00%

tad
2 Kig (o-0213 o )
j= 4 o Roj

vi-& ¥l A

o. o547 ©.260

DPP-66-138k
RER-8T70



| P_U,ﬂ.utu_u‘c_. mU@..u..U\Uﬂ_GL_
S CLU++00_ syl ¥

DPSP-66-1384

RTR-870

~

' -
i
-
1 .

NOandaC <
2% &
ah TN £ =
| _ i £
11X ASBYIN ﬂv =
: =
[ —
~ - | m
P . OL-A ‘X HxVvyN . |
b |
. Fm, . " ._./.W,UFP/.\&_. 0_,/.1,_0/.\01_




(8]

{'\

- L L He b o B

NO. 340R-10 DIETZGEN GRAFPH PAPER EUGENE DIETZGEN CO. m :
10X IOPERINCH : © ., MADE N U m A .
N - 4 . - * R
ﬂav I e DT -

-

esPamuaC

]
I
\
3
7 2Ano

<9

1 v

N
N\
\
]

o
[y
\
]
\
\
b
\
\
-

AN
\

/, - LT et Wl =t - =5
5 P = -l s
< p — .
/, A = ) M < =
- AT HAEAT AT LACOE
» £ St £t A i
. // A ) * .. —k; -
4ol i bE MARK XILv-TO : * *
y K LATTICE MATERIAL BUCKLING |;

/ { CALCULATED)

/ COLD, CLEAN FZ-0 ' ‘ :

hY

N
~
A O - TOLSTT

U in Mark LI ——;
i

- ' T WENERRRERN N ENEE
500 00 ) [ ¥ale) 200 @ 000 | 10O | - WOO . 300, oo | Inox




EUGENE DIETZGEN CO. T
MADE IN U 5. A

NO. 241-M DIETZGEN GRAPH PAPER
MILLIMETER

LE COPY ™

+

—1—-1

ithiuy: Sy

(s paa

ik

IEREIRY

P et D

+ fod

e

¥ -
: -
H s g
a o
53
ey
T L% batt ]
IS ,’.l_ iy %
T riiy N
SRR 13 T
sadlans e : ot
H e e
NS e L : @
EShle AT s H Y Ry =
U O HjE
ey e pee 3=
AT
o 4T
v 33,1 "f
FH
» s } BT
T p4 A DS
o : HEH




7 ' N'n.la-sng-m DIETZGEN GRAFH PAFER EUBENE DIETZBEN Ca. £y *
O O L . JGXIOPER INCH = - Q . SMADE IN UL S A - ,
. o . ‘ R _‘-', - 7.__': ' -“_ , . . - e ; .
T T T T T T T T T T T T
il
A N MARK XII,V-TO . N
AN (EEEERREN MARGIN OF CONTROL. ?
N - . .
- N Y - CALCULATED )
~ Margin of Control, ub NG "N ( A )
— =) .
T -1 2w - =
= N - TTTITT T e 7 ‘F
> e ™ . \,
o Sl Wt \\ " g
b
~ ™S \\
] ™ \\\ "
N ‘\\ ‘k"\‘
~ N
2 M, M, T " L]
ARy g AN ) ~ L NS N |
S RUF .. ™~ - . 4
N g e
] N - I K
L‘ ™ e [, Vi
~ L | §rarrs
AY L -
3 b - -~
o o T~
=~ ]
1PN . ~. I~ [Ho)
[ SNy = o [1[ =
-
N S - -
", i [y ra I
h - [ s )
Fen i
L 1T
-~ - e
- ™ |
™ -l
W =
M
~h 55
- ass
] DC'J\
N RE= D o
At { oty — P [
= LN L T{M” . =
w
[e3]
=
- Grams 235U in Mark XII ] -

1836 oo

%00




I3

DPSP-66-1384

RTR-B?Q“

= 5 :

F’s.c,ur-?

W S "N NI 3aYN

‘003 NIZZLIIT INION3

HILIWITTIW
HIdVS Hdvag N3OZLAQ

W-1LPE ‘ON

-\‘l
.
—

RARE REpEYPEpa; =t
o T L e e o

g e




oot SO oomn oo oOog olele OOL OO olola
| ]

DPSP-66-1384
RTR-870

Fioume &

I 1] 1} | [ ]
] [ INRNNRARN AN ! Y j 1T
T XA T CTC STy L - =14
s s i -1 y
FLupta
i
|
4
vy
-
e o
"] * . e
— - — 7O
o Lo (P> L
] L. IV\uU p \._\_lr\L“.
o o -4 bl ] \h 1
= LA LA L]
] 1 ot o
| 1 L
o - = ”
fort L [ = L1 o
| | “ITA - \.\\ - \\.\
| . o~ LA i
\ ol {-
” \ﬁ \.\i\.\\ ~ P \\“\
\\._A | . 1 1 2l w11
=ty ‘\-\\ e ol - T 1
=! -y L
. e
i} § LA 3
LA =
\\
-4 1
¥
V=Ll PN
! >
|
a§ TIEA A A i
] ] | 1 ]
Ry Y I = . 1 ] PR T
TR
. . ] L -.I T w.J N
) OI~A §IIX YUVH ik
! '
- r
_ SOTIVE XOTd TYHUHHL |
: i
I - ; |
i l“ IR NEEE SN N R N

AT TR 1079

e VA
C . ; v S ' N1 3ave . ) HONI 23d 01 X 01 {
‘03 N39Zza3ta INION3 4 HMIAdVd Hdvd9D Ni9zZi3ia di-L¥E ON

o~




-

EUGENE DIETZGEN CO.

5. A,

MADE IN L.

}

MO. 341-M DIETZGEN GRAPH PAFER
MILLIMETER

DPSP-66-1384

RIR -

3]
'!:;Eu
oo

L ]
i 2 Hifisns
: A (HiEE -
.”: HH: .T.“_. H T i L
3 THHE & T @
e H 1] V4] ] b 4 . rn
il ifies R I ; O
Ehad % Ruaspdabydi 1 o
1! THHH R K F w0
b ...& k H P W
pigt a) i b
: 8 | i . H
B TERRT : = O
e rzyean i duky " u
- _. - @
Hil S (]
T 1hH E 1 Q.
| Ltk S
4 1 1 1 T
H“.u.
e : S
b ; O,
—H EyQFSnaRpyann RS =
HH L

rErd i et

il

:Eprsure Relationship

ppm

irons .~

tcalculat

poin

To convert to reactor

iply the

mult
he shape

average,
ppm by
factor (see A

t

-+ THyr _, +H 1 - : T 4 E=
pILAREERIAaREREeS R H H{l 41 L ) aeg
H i * 1 e, 4 4]
e FER N w SEEp HH P C
1L - i r A 4 L | Y -
1. i - |
3 X it —

1X

ppend

WO

100

HHEH

[ T

m_
f” e
(314 Srasts
i 1Y
i i
il i
MH‘ ; ..,ﬁi»;..n e
it ok L e e e R R s e o D B e R R T s s R R TliE Erireery
| i ua_wr 1
fifa i
ARERIE: - i SEYE Rl

i

[ DA

Tt

e




66~1384
870

DPSP-

RTR -

= &

F:.‘G-...Jﬁ:‘.

INILEOD e

ENOZ TO2LK0D

p el iich iag pasti iy femp g PSP Pd e

T P

e

-

W 'S 0 NE 3aYH
‘03 N3IDZLZtE ANTON3

o 09 1idvvAv 1S3
o AdUY 41

HILIWNUN )
VISV MHIUUT LHDIISNG W 1R TN \_/



O

a. A

EUGENE DIETZGEN CO,
MADE N WU

M BIETZGEN GRAPH PAFER
MILLIMETER

J41-

NCL

[ et S uiieged Gt

o =——

g

Ergns

[

Y

| e T s

i morfirriticfirserersafeerIieT

=
5

2U CONTENT

»
5 B

E

FOL ZOXN

CONT

CYcC

S

e HT

SO0

o

=5.

required for ppn)d_;g

cz

L=

SN ST S By

200

500

EE W L

L Ly o ils b AL fgen



P

y 20
o.mn‘mﬂ_o?&u 203 peagnbax  (wdd

O ¥IOKD

INEINOD :wa ENOZ TOHLNOD

ERETETS ET=te e

i ' 'S N NI 30VR HILIWITTIN N
., . . OT NIDZLI INIONI IV ¢ HhvaDd NaDZi31d w- 1€ 'ON C



o
7 ©

o

FI019

LNFLINOD :N €z ANOZ TO2LKOD

FOVEIAY TIOLD TINI

508 P HDgs ticgoy MIOS PPEES Syl SR FI0UP PRy S PR 1EOTE EOSSTRTT |

. D v 'S NN sOvA . BILIWITUW .\l/ N
. O3 N2DZLEIq INIDNE . E3IEVd BN G LEOZAZI0 e tPE ON ( C



1 il
| B ] £y
Hiil T i _
]
b
=+ Gt
B gt
— ol §
1 T & Q
0 ] 3 ; °
B il s 8- 9
o R e \ ﬂ Y
A | A -
& 5 F1Z A . R
= m 0 [ R H o™
H o2
. b 0
gryre =l = i °
! 5 :
Y L0
il R R,
T L O N
m| : Tifiiss DA
13120 3 Hin & i M) m- m—
T ; H = B,
— " i 5
i o % M ¥ = ~y = K <
my &g g8 . R ==
4l BE eg : “
L fre [t ™ (a ] fam
i BELR i =
it <500 ( ~T = B
B 0y b g ] )
14 O Y V m N ./ vl
] Y »
(111 m pey Wuu RS hI
g m 2 5 N
| =E Eg BN
I [
5.”_4 = z/Mf ]
HHI :
i AN
et II
H—HH i ” A )
M it
() s i >
. ..,lt.. ¢ M 24
| NS
T _ _/I
1) _ \
) _ i
_ 3
A 0
P iy N 0
— 4, B J
i _ B
Il ]
[ 111 4 et :
FATTIHITI _ T J
o o~ © B ] -0 O N O 0 e ) ] -0 O 0 N
6 _ 3 .
Q

7|

RN M ONAMINS

‘D3 WNIZZLIIQ INTIND

>moo mgm

SNOISIAIQ O X $3712AD £ DIHHLINYOOTHI

3™ %8 8 7 ferrien T e d o

WAV 1534

1



1!
b i :
i [
Tt
1 H
= ! P T
O - kY. kB!
m . A o
o : i -
[ ¥ 'y
DO 1 { it ] i
O b~ 3 1]il 0 T ] >
P o MR 2l LIS
W ! e At _ A= kil h
b m . Reille ;
= 0t " bny X3 \ w
L V 19 I B
! e |, W = m M S
m 1l ¢
! g ; 0
Nl VT f \. MW
i
“ REEN . » = -
4 [~ “l .‘.V
” — S T e ”h\. il r u
.. P i M. N = .W
e m m 3 . = i 1 P
o B ] m A M . <~ B3 N7 e
5 m = . 5 . P | PN
HH x, - Y
Uit B = oD h. 3 =
il n==zum > (]
il o = SEN
th O s h
t i iy Ml o M 5 . !
il 58 =B S 2
il b, =3 m A
14 e o] —
i (23] i N o 0
0
! L~
]
™ P
H - N
). D= A ¥ <
¥ \J N A
11
g h
A A
o
[§ Y ] b
{ * ”.‘
T 3
- A
- N —‘
L] bc
e D
P L
n o - e 0O~ © 0 9 ] o =0 ©° M 9 N 9 [V] o 0
] 9
0
~ !
— ) A ." .f WOE N M1 ONiNINe SNOQISIAIQ Ol X S3T9AS C-DIHHLIYY DO I

‘G NIQZLFIO INIENR



|

DP3P-65-138)
- oY . RTR-870

APPEDXX A

Irredintion of 232m produces 233y conteminsted with 232y, The hard Frcaninii =y
activity of the daughtors of 232U creates a radiation handling problen; for
example, & sphere of 235U three inchss in diamoter contaminated with 10 ppm
232y hag & radintion level of 135 R at contact 10 years after seporatioa
(Ref. h). About 97% of the 232U (in the 5-10 ppm ranze) is formed by the
following chain:

232 _ n._2n 231% fsh 231 g.!\f" 22?& de gagﬁ.

The n,2n reaction throchold fn thorium is 6.37 Mev in the lsboratary system;
pcutrons with omerglies shova the threshold result from £issions in aﬂja.cg

driver osscmblics ond 233y ficsioms within the ThO, torgets. Tho total
formation 1o tho sum of the contributions from e noighboring fucl elemomto cmd
the contributions due to 233y fissions; these cantributicas are derived below.

ot [

o™ LA
s U s Tolle bk A L S o sl ok

an\ Flur duo to Addocents Fucl gerhlien

The n,2n cross section in 2327h is defined such that 1t doas not vary from
one renctor to another:

0en = Jm 03 (E) -f()E) aE (A-1)
6.37
whore E
02n(E) = listed in Refercaco 5

'F(E) = fraction of fimsion ncutrons ealtted with encrgicos betivcen
Eand E + dE

Fumerieal integration of cguation (A-l) yiolds e cross soction vnlne
0Zn = 0.0123 barns
Tocps end St. Jehn {Rof. 6) have showm that the my2n collision produbility par

thorivm atem por scceed at o distoncs fle in D,0 from o line fission sourco
izotropiecally caitting /a fission psutrons par centimstor por cocord is given by

02n (fon = Ap 11y (0.0913 /Lo)

vhore 2o
4 o & copstont of the 1‘.\20 melasyntor
ancd “'/2.
. ~{ ©. o020 secd
Mli[o.osla/z.,) - S e >/Z° < a@'

3
A
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A punerical integration of Kﬂ.l(x}i ic showm in figure A-l.
For the Mark XII-A cnd Mark VY-C drivers the ling gource strongth is givea by

/ = =2/, fissiong/sec = B o P (A-3)
length

B = conptauat n?.%xlom

g

ws 1 Evvamm visvonw dnmoad e MU am

The fast (n,2n) £flux i3 thus written

(fa% = A-616x108 -po &y,(0.0913 fo) {a-4)
. —

Ansrainz all driver povors are equnl, the fost Llax due to H surrounding fuol
agscablios is ths sum of tho individunl contributions:

K1, (0-0913 /1)
/’OJ

dfﬁ = (AoG-lﬁxlO]'é"P) f_ {4-5)
=1

OFFIURY colculations of the 2329 comiudnmii in the Mark VI-C, V-T0 lattice
Cegrocd well with cbsorved valuss for o fast n,2n flux of

47%;) vi.e = Sk x 102 / (arivor M)
The corregponding fost flux in the Mark XXX-A, V-TO lottice i found Lram ths

¢ ) vi.c Fosults:

0.0 f2.: ) T {A-6)

O]
v ===l ™4
(&‘me) = 534 Aej =t-A (e )V\-c:,

e % Kié {c.09\3 Mlﬁ

L = Aoy Jvi-¢
e
- 4,06 = o) (dri\/er MW) N
/

The édota for caloulnting cguotion A-6 axe shoun in table VI.

a—
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Foet (n,2n) Flux from 233y pissions

The n,2n contribution from 2331 was coloulated for each targat voisht by the
following procedurc:

Assune
. 233‘(1 figsions unifomly and emits fost neutrons isotroplceally

scatterings cnd fast ncutron cbsorptions do not opprecinbly affect the
meon free path of escaps from thse target

n(E) = fost noutrons emitted/ec/sce

= (3.12 x 106) (#23) [(&) % (a-7)
. \'4

‘F(E) = 2337 pianion spoctrum (cssumod ecme ea 237y)
P o topget pouse, MJ

V o tepget volums

-~

T(8) = avercge timo a fast neutron remnins in the terget after enission

vhere

b

d o man free path of escaps fram target; e
o~ (E)= ncutron veloeity, amfece

Then

Bl
fon = n(B) T (B} ~{E) on(E) @

N, __ N

= (3.22 x 20%){/23 ](‘(E) Fgﬂ) P (a-8)
]
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fe—=
To ealenlate 4 , tho cylindrieal Mark V-90 targets vore approximited by
on iafinito alob of thiclkwoss ¢ equnl to the target thickoeas erd vidth v,

P, T S I TN L . | By suame 2 h o]
chosen to moke the .0led arcn ogual to the tromaverse arce gancrctod by fast

nautrons trevoling from the conter of the terget thickmesc. Dots for
calculnting (f2n arc 1isted in Tedle A-I.

OFFEAY onleulations for the Mark VE-C, V=T0 lattice ware iz good ogrocment
7th oboerved 2320 volues with

Pz) 62 b, = L x 1083/(targat 1)
tergot

For othar targct waights, tho fust (b,2n) flux moy be fourd by

qﬂgm]x o (-{%/—i% e o box 1013/(tm-get MET) (2-9)
. a /viga :



s DEEP=656-1384

- 28 - RIR-B70

Table A=X

1,20 Flux duo to 2330 Fiseious

Tgt. Wt., ibg Voluma, cc l:-lg cm en, . M
62 k332 0.363 0.35
82 5764 0.556 0.k0
103 7209 0.692 0.0
123 86kL 0.831 0.39
ikl 10,087 0.955 0.32

=i F aWour 9 ™
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AFPEIDIX B -
Producticn Shaps Foctors

Point profuction rates moy be converted to reactor average production
by using & shaps foctor to cambine the profuction tithinm en arbitrary
aumber of rodinl zozss. A gencral expression for the production shope
foetor 4o dcrived 4o this soction and sample caleunintions for three
Mark XIE, V-TO torget eyelos with two redinl zoves ore imcluded.

The 232y profuccd ot o point ia o torget irrodiatcd for tins T may

ba approximnted by
252 u)po'm‘\' = %ee g \enit Yy & (s (8-1)

there [égg o constont proportionnlity

she e35{@y4U)  poimt presuctica may be cpprexdzatod by

23 (RasvV) £ BesnWPrs T ~{e-2)

3 ‘
T —

ol
AV VDD Tt W Y

b .
e

The gg,u conteminan® 4o useally expressed as tho ratio to totnl profuct,
exprecsed in pya, cnd 4o overaged over an osscibly by integrating cxdally:

W
eszy | _ Fﬁi"‘r‘j ~ B (4 Io en \rdz =3
zaa(&«a-u)JAw J&ssv %5 T Sjtgk de

whare o = Tarq@‘&’ L@nq%h °

L
bEST AVAILABLE GOPY
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If tho axial digferenmtinl 23% barzep of tho Mark XXX drdyors i
pelected, the cxial dopendence of \f,n 18 tho come oo l%. »

Wr = t?-r)wwr%’f fe) (8-4)
e = Wen)ma: 58 fez)

awa .o
I , | f@) dz (5-5)
PP, = Ce =2
dB
j; £¢z)
vheroe
c = ‘ézaf &pm)mm (8-6)

%25
Equation (B-5) oy be rouritten
. ra (8-7)
Ppm:‘] = C& WE»& %

C = EE:;: e ‘&a&m T Wzﬂ)MAg {(B-8)
e Joaase Zom Ue o

(A (8-9)
. - >
{x] tadz)
(as ploticd in £igure BN)
(p-10)

by ] ». 3
Ur = - L@TJ\W fiz)d=
ol
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Tho reactor may now be divided imbo o mmber of rodgind zonog whore O Zono

is deﬁ:)wd as & group of asccublies baving the samo ppa)essy, cquation (BeT)

The pomj)assy of tha redinl zonos mmy be properly coxbdipod to give tho
charge average 232U, pra)chg.

) ) (B-11}
| = PPMEH = % i
eB(Ra 4 ) Jewe = dewme 5 233&%?@%
AVS, JEL
vhere N = the mmber of rodial zoves.
Epustion KB-:D.) moy bo rowrdtten:
N | . ] \, {B-12)
F’Pm]gw@ - Z E,%@U)ﬁ 283 (Ui

L, sRaeul ¢ ?zaaﬁ%mbj
i=l '

td
= Z [Ppm]‘i'p&%v “ L

1=4
whsre

( PPm] ' - 32y ) i
Iy ASSY 233 (R +U)

- Equg-h"ioﬂ (®-7) ,

and d@ﬁning

N = number of ‘ﬁurg@{}’ assemblics
: n Yhe zone’ 17;

ol

* Y. BN
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{B-13)
O, = e:@euli
f S
2, 239 (Ra + V)]
JS!
2 4 Ay [see equotion ﬂ@-a}]
mo o
Jst J @‘U

Idcally, the pra)chg i foupd by solving cguotioa (B-12) fron dets
obteinad Gurinz or after tho chaxge irrcdiatica. Im proctice, kowever,

it ig dooirodle to ipxrodinte tho chirge fop thnt ¢imo vhich Floldn &
opocificd prm)eks omd in thin eace cquntion (B-12) may bo used to dotermien
tho irrcdiction time. Firot o reforcnee zezd 4o chesea vialeh provides
cloge control of tho vordsblos affecting ppa)ossy (Ceox/Gave, (o); the

pim}ehg rotio i3 then writtcn 0o o fumetion of the reforence 20Xo pra)nsay.

s (B-1k)
3=t
FPM}Ep&%V .
Pr@m}m& = {ﬂ‘-’% {:Z p?m‘jm{'f,mw%&%ﬁ Pu@m}m’% 55V
\s
= M3 PPmlm-E ASSY.
Vhero
{B-15)
M =4 2wef + S perliasey foX
£ PP )raf; asov !
"
. . &

.51 AVAILABLE coPY



¥ ¥
- p78p-66-138k
-3 - RIR-8T0

Tho relntionship hetiroan pml/asay ond Mark XIX esscdly cxpomure Lo

Ceos/Cavg = 1.0 S0 showm in Rigure 7; corrcetion for other (rwt/(hvg is mado
&g followp:

(8-7)
pprﬂ]‘; = Calo@sa Ur
o for kﬂm/ Jave = 1.0

—
FP“"L = ca e P
for @W/’ Pave = X
I &) ]
= i PP
o (2) <0
- ‘U{n & >

Eguotioa (B-16) dndientes flgure T may be used for amy Quoxt/Qavg by caterips
the figure at tho driver eascubly oxposure end multiplying the recalt by X(E) °

Tho gensral xprescion for tho preduction shape factor, S, can now be
PP cne
= }!mﬂ&»ﬂ PPm] 1.0
PP"ﬂEC:H@.
= 45’re£ () .

= N :
= I .%_‘FEE = G@n; 9@.?
= {?(E})/{ im - 32{)1@(@%@@%}
3

Nraf
._,n‘in
=

{B-17)
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& ]

Equotion {B-17) coan be solvod by Eotarmining glwcmﬂ wr-/ wfm&‘ with the
“LICLE IV bduckldn3 cofes and tho rooctivity informition shoua in £igarc 5.

For @ @28ircd chorge avercio 232y coatomipoat ro%io, the rofozenca zong
coatamination i coleulnted Lrom
{B-18)
Ppm}m{: = O#% P'Pm]gmca

Since tha chope factor imcludos Guowt/Qavg of the reforcnco zomd, figuze T
pay be used to dotomdng the edjocent driver asscibly cmpocure Cran uwdich

reactor axpogure 3y be calenlatod:

™ (3-19)
Epax = | “ Ni e
I=
et B
= Nres ¥ Ny LY
{ ;Z; ' Ber % Cret’

il
s
o
8
-

vhors !

i

[ X [ P s Lvor = Y
e numbber or Mc;r:lf LA
assemblies in gzome i’

o
[}

Murk M“A Q%%@mtolg power
in zone °

2V Ve

i

evef = reference sone ossembbly exposures,
determined from Figure T.

C
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Semple coaleulations for ppajehy o 5.0 for assumed oporating coaditions,
PIX reuctors, with tvo rodinl zomes (the control cud buckled zmomos) are
lizted in Toble B-X. For this cone, cguation {B-17) mcimsos to

[ = &; (&) Ne re 4 ifs(ﬁﬁ [/ Lpﬁ%@
Telre+Telfe %E@)MNc %3:

ood equatica (B-19) rcfuces to

Exx = {-Mc + Ng Eé—%

[~

vhacre the cubseripiao B ond € depote tho buckled ond control zomes, .
rogpoctively. .
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Toblo B-X

Scupleo Prelnction Colenlotionn
FIX Rooetora, Threo Torzet Cyelon

Poxrzot Cycle
A B ¢
N, T

WlﬂA\r@Jc _____ 1.15 1.20 1.25

JelB) = — = = — — = 1.035  1.052  1.070
_____ . 1. 1.

‘QMAV_LQAV@J]a 1.25 30 35
VB(B)=—=——— — 1l.0710  1.092 1.1k
_l“- /A JE . PP Y P
UJT@/ g —— — — — — 0.595 0.470 0.345
n@,/ﬂ; LBy ___ ol o 0.
F’ia/Pc —_——————— 0.606  0.514  0.115
Nofuc ="0hBs —— oa26 06 0.126
M —— ———— — — — 0.920  0.012 0.915
S o 113 1.5 1.17
PP em — ——— — 565 575 5.8
€cr, MWE = — — - 101.6 103.0 10h.4
’ P ——————— 230.6 &3.1 a;—s.k

- Ber, Mmwe — — — —~ 23,430 22,980 22,490
g——
[N rade

EST AVAILABLE COPY
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