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SUMMARY 

The e f f e c t  o f . i n t r o d u c i n g  a  neu t ron  and gamma s h i e l d  i n t o  t h e  annulus 

bf~tween the r e a c t o r  vessel  and t h e  s h i e l d  tank  i s  analyzed. Th i s  a d d i t i o n  

has been proposed i n  o r d e r  t o  i n t e r c e p t  neu t ron  s t reaminy  up t h e  annulus 

d u r i n g  nuc lea r  ' ope ra t i ons .  I t s  i n s t a l  l a t i o n  w i  11 r e q u i r e  t h e  removal o f  

approx imate ly  20-112 inches o f  s t a i n l e s s  s t e e l  fo i .1 i n s u l a t i o n  a t  t h e  t o p  

o f  t h e  annulus. ,The r e s u l t i n g  conduc t ion  p a t h  i s  b e l i e v e d  t o  r e s u l t  i n  

inc reased  wate r  temperatures w i t h i n  t h e  s h i e l d  tank ,  p o s s i b l y  beyond t h e  

150°F l i m i t ,  and/or c o o l i n g  o f  t h e  r e a c t o r  vessel  nozz les  such t h a t  adverse 

' thermal s t r esses  would be generated. 

A t w o  dimensional  thermal a n a l y s i s  u s i n g  t h e  f i n i t e  element code 

COUPLE/MOD2 was done f o r  t h e  s h i e l d  t ank  system i l l u s t r a t e d  i n  F i g u r e  ( 1 ) .  

The r e a c t o r  was assumed t o  be a t  f u l l  power, 55 MW ( t h j  , w i t h  a  l o o p  f l o w  

r a t e  o f  2 .15~106  lbm/hr  (268.4 kg /s )  a t  2250 p s i  (15.51 M?a). C a l c u l a t i o n s  

i n d i c a t e  a  steady s t a t e  s h i e l d  t ank  wa te r  temperature o f  140°F (60°C). Th i s  

i s  below t h e  150°F (65.56OC) l i m i t .  A lso,  no s i g n i f i c z n t  changes i n  thermal 

g rad ien t s  w i t h i n  t h e  nozz le  o r  r e a c t o r  vesse l  w a l l  a r e  generated. A  spacer 

between t h e  gamma s h i e l d  and t h e  s h i e l d  t ank  i s  recommended, however, i n  . '  

o r d e r  t o  ensure f r e e  ai . r  c i r c u l a t i o n  th rough t h e  annulus. 

. . 
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1.0 INTRODUCTION 

A m o d i f i c a t i o n  t o  t h e  r a d i a t i o n  s h i e l d i n g  f o r  t h e  LOFT r e a c t o r  has been 

proposed. T h i s  m o d i f i c a t i o n  i s  t o  i n c l u d e  t h e  rerrloval c f  approx imate ly  20-112 

inches o f  s t a i n l e s s  s t e e l  f o i l  i n s u l a t i o n  a t  t he  t o p  o f  t h e  annulus between 

t h e  r e a c t o r ' v e s s e l  and t h e  s h i e l d  tank  f o r  t h e  i n s t a l l a t i o n  o f  a  neu t ron  and 

gamma s h i e l d .  ' ~ i ~ u r e s  (1  ) and (2 )  p resen t  a  d e t a i l e d  ske tch  o f  t h e  proposed 

m o d i f i c a t i o n .  

The neu t ron  s h i e l d  i s  t o  c o n s i s t  o f  two rows o f  s t e e l  c a n i s t e r s  each 

f i l l e d  w i t h  a  mechanical m i x t u r e  o f  90% TiHla6 and 10% B4C by we igh t .  Th i s  

i s  t o  be compacted t o  about 60% t h e o r e t i c a l  dens i t y .  . A 3/8" p o r t i o n  o f  

each c o n t a i n e r  i s  t o  be a t  a  95% t h e o r e t i c a l  d e n s i t y  as shown i n  F i g u r e  (2 ) .  

The gamma s h i e l d ,  a  4-112" square s t e e l  b l o c k  and 112" welded s t e e l  - 

suppor t  p l a t e ,  i s  t o  be b o l t e d  t o  t h e  s h i e l d  t ank  t o p  and i s  a1 so t o  p r o v i d e  

+. suppor t  t o  t h e  neu t ron  s h i e l d  c a n i s t e r s .  A gap i s  t o .  be p rov ided  between 

t h e  gamma s h i e l d  and t h e  s h i e l d  tank  f o r  f r e e  a i r  c i r c u l a t i o n .  

S ince t h i s  new c o n f i g u r a t i o n  c o n s t i t u t e s  an a d d i t i o n a l  conduc t ion  pa th  

between t h e  r e a c t o r  vessel  and t h e  s h i e l d  tank,  t h e  poss i ' b i l  ity o f  exceeding 

t h e  150O.F ( 6 5 . 5 6 O C )  wa te r  temperature 1  i m i  t i n  t h e  s h i e l d  tank  ' du r i ng  f u l l  

powr!r ol)t:ration ( 5 5  MW) needed t o  1 ) ~  i n v e s t i g a t e d .  Adverse' te lnperature g r a d i  - 

cr11.r; w i t h i n  t h e  re ; t c t o r  vessel  nozz l c  were a1 so considered; Ttius a t h e r l l ~ a l  

i1na1y:i s was 111adc l:o r:lct~r~lrinc:! t t l ~  wa t ev  t e t~ i pe ra tu r c  w i ' t h i  n  t he  s t i i c l c l  tank 

i ~ r i t l  I.he tc l l~pera t u r o  p ro f : i  1 o of the, nozz le  w i t h  the proposed neu t ron  and 
/ 

2 . 0  ANALYSIS 

I n  de te rm in ing  t h e  wate r  tempel.atur-e an energy ba lance o f  t h e  s h i e l d  

tank  was consi 'dered. A one-dimensional system was assumed and t h e  e l e c t r i c a l  



analogy f o r  a mu1 t i  1 ayered system was app l ied .  With t h e  app rop r ia te  

assumptions one equat ion  w i t h  one unknown, the  water temperatclre,can 

be w r i t t e n .  The equat ion  

Qin + b = Qout can be w r i t t e n  as 

where 

C'i i n  X'i o u t  

T ~ ~ .  
= 574OF (301°C) maximum temperature o f  t h e  r e a c t o r  vessel 

a t  f u l l  power, 55 MW ( t h )  
T 

Q) 

= 100°F (37.78"C) temperature o f  t h e  atmosphere i n  
t he  cqntainment b u l l  d ing  

CRi = sum o f  t h e  thermal res is tances  

h = gamma and neutron hea t i ng  o f  the s h i e l d  tank water. 
f Prev ious l y  c a l c u l a t e d  i n  Reference (3 ) .  

Thermal c o n d u c t i v i t i e s  and heat  t r a n s f e r  c o e f f i c i e n t s  have been c a l c u l a t e d  

i n  p a s t  s tud ies ,  Reference ( 3 )  and (4 ) ,  and can be e a s i l y  est imated con- 

s i d e r i n g  they  vary l i t t l e  f o r  t he  temperature ranges considereu. Thermal 

p r o p e r t i e s  f o r  t h e  neutron s h i e l d  were est imated f rom t h e  l i t e r a t u r e  r e -  

view o f  TiHla6 and B4C Reference ( 6 )  and (7).  See Appendix C. 

Hand c a l c u l a t i o n s  were made f o r  t h e  unmodif ied s h i e l d   tan^. f o r  compar- 

i s o n  w i t h  t h e  r e s u l t s  o f  Reference ( 3 )  where t h e  two-dimensional heat  conduc- 

t i o n  code S I M I R  was used. Hand c a l c u l a t i o n  r e s u l t s  were about 8% h ighe r  

than S I M I R  p r e d i c t i o n s .  Therefore,  hand c a l c u l a t i o n s  f o r  the  mod i f i ed  s h i e l d  

tank were a l s o  fac to red  down by 8%. De ta i l ed  c a l c u l a t i o n s  are  g iven i n  

Appendix A. 

The nozz le  temperature p r o f i l e  was determined by COUPLE/MOD2, a two- 

dimensional f i n i t e  element s teady-s ta te  and t r a n s i e n t  heat  conduct ion code. 

The f i n i t e  element model i s  presented i n  F igure  (3 ) .  Two axes o f  symmetry 



a r e  poss ib le ,  t he  cen te r  l i n e  o f  t h e  r e a c t o r  vessel o r  t h e  cen te r  l i n e  o f  

t he  nozzle. Use o f . e i t h e r  one w i l l  generate a  d i s t o ~ t e d  rep resen ta t i on  

o f  t he  nozzle and s h i e l d  tank. Choosing the .p rope r  a x i s ,  however, may 

min imize the  d i s t o r t i o n  o r  a t  l e a s t  g i v e  conservat ive 'answers.  Choosing 

t h e  center  l i n e  o f  t h e  nozzle w i l l  r e s u l t  i n  excess s h i e l d i n g  be ing  gener- 

a ted  about t h e  base o f  t he  nozzle, i . e . ,  t he  gamma s h i e l d  does n o t  e n c i r c l e  

t h e  base o f  t h e  nozzle,  bu t  e n c i r c l e s  t h e  r e a c t o r  vessel.  Th is  s i m u l a t i o n  

of excess m a t e r i a l  increases t h e  conduct ion p a t h  between t h e  base o f  t h e  

nozzle and t h e  s:- , ie ld tank which i n  t u r n  increases the  thermal s t r e s s  

p laced upon t h e  nozzle.  This  was assumed t o  be t h e  most conserva t ive  

approach. Should no adverse thermal g rad ien ts  r e s u l t  w i t h  t h i s  model a  

more d e t a i l e d  three-dimensional a n a l y s i s  would n o t  be necessary. 

The r e a c t o r  was assumed t o  be a t  f u l l  power, 55 MW , ( t h ) ,  w i t h  an 

i n t a c t  loop' f l o w  of 2 . 1 5 ~ 1 0 ~  lbm/hr (268.4 k g l s )  a t  2250 p s i  (15.51 MPa). 

Ca l cu la t i ons  o f  the  var ious thermal p r o p e r t i e s  used i n  t he  computer anal -  

y s i s  and a  l i s t i n g  o f  both t h e  i n p u t  and ou tpu t  data are. presented i n  

Appendix B .  Thermal p r o p e r t i e s  o f  t h e  powdered m i x t u r e  o f  TiHlS6 and B4C 

are  presented i n  Appendix C.  For simp1 i c i  t y  o n l y .  t h e  p0wde.r .ma te r i a l  a t  

60% t h e o r e t i c a l  , d e n s i t y  was considered - i n  t h e  20-112" annu la r  space. 

Also the  thermal e f f e c t  o f  t h e  s t e e l  can and suppo r t i ng  s t r u c t u r e  was 

considered n e g l i g i b l e  and hence was . . .  ignored.  

3.0 RESULTS AND RECOMMENDATIONS 

The maximum steady s t a t e  s h i e l d  tank  water  temperature c a l c u l a t e d  i s  

140°F '(60°C) which i s  below t h e  150°F (65.56"C) 1  i m i t .  The temperature 

p r o f i l e  o f  the  r e a c t o r  vessel nozz le  i s  g i ven  i n  F igure  !4). No s i g n i f i c a n t  . 
changes i n  thermal g rad ien ts  a re  induced i n  t h e  nozzle o r  r e a c t o r  vessel 

w a l l ,  there fo re ,  no adverse thermal s t resses  should be expected. I n  o rde r  
. . 
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t o  ensure f r e e  a i r  c i r c u l a t i o n  w i t h i n  t h e  annulus between the  r e a c t o r  

vessel  and t h e  s h i e l d  tank i t  i s  impor tan t  t h a t  a spacer be prov ided under 

t h e '  yar&a s h i e l d .  T h i s  would a l s o  reduce the  conduct ion pa th  f rom t h e  gamma 

s h i e l d  t o  t h e  s h i e l d  tank.  Th i s  was assumed i n  t h e  s h i e l d  tank  water  tempera- 

t u r e  c a l c u l a t i o n s  where hea t  f r o m  the gamma s h i e l d  was assumed t o  be conducted 

t o  t h e  s h i e l d  tank  o n l y  through t h e  1/2 i n c h  b o l t s .  

.., 
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Temperature Response w i t h  Add i t i on  of Gama and 
Neutron Sh ie ld  - Gr i d  
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0 . 0 0  - 7 i t i E  FJR SYHDOLS bE3V56769*S TEMPERATURES ARE RESPECTIVELY 

l*S.C)t  1 8 7 . 9 1  2 3 0 . B 1  P73.?0 . 316.60 359.%9 '402.39 995.28 . 9Bb.18 531.07 573.97 

3 .  C, 8 . 1  . 1 0 . 6  13.1 1 5 . 6  1 8 . 1  20.6 23.1 25.6 28.1 30.6 33.1 . 33.6 

X O R R  ' 

TEMPCRATURE l S O L I N E S  . 

Figuce .4. COUPLEIMOD2 Update 1 LOFT Reactor Vessel Nozzle 
Temperature Response w i t h  Add i t i on  of Gamman and 
Neutron Sh ie ld  - Temperature I s o l i n e s  
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APPENDIX A 

S H I E L D  TANK WATER TEMPERATURE 

CALCULATIONS 
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APPENDIX B 

COMPUTER MODEL CALCULATIONS AND 

COUPLE/MOD2 I N P U T  AND OUTPUT L I S T I N G  













'rr
 

'"
 
j
 

W
 
3
 

-
 11 

L
C
- 

c
g

.
 

2
.

.
 

F
 '

 
*
\ 

'ce
i 
H

&
 

2 .e
 

"r
t 

3
. F i. .
-

'
 





t 3N 

ARB 

*. S ? E C i F I C  HEAT f f f  8EUTRPt i .SKPELD BTD/FT**3rF 
273.6123 4CO.i fZ* . lbCl i  

C t ! \ D b C T i S r T Y  CF R e  C o  IXSb,lTlC:* S t t l l H ~ % * F i , F  
'- f! ; 6 + * S P E C I : - J y _ Y E A T  OF'R. V .  ZKSULATSOR STUIFT+*3rf  

'. . 3 ' tTL  
FC.\t3, f i i  . i T . 4  G,1+4 SETWEEN R.Y. E S H l O  TK 3 tUf t i .WIFT~f  

a1323 3C2.0 .2?10 
e i r C F J  574.3 37 E C * SPECiCI,-SEAT W A I R  6 & P S  BTU/FT**3rF 
. C J >  26C.S -6110 
e O G V Z  336.6 0 0 0 8 6  



0.1 'or 
O'T C'C 
0'7 CZ 
0.1 
0-1. "c: 0'1 01 

Oi 
JL 0 
"T t 
i3*; b 
O'? 

2 $15 6 
O'f 3 
O'f 4 
0'1 6 
0.T 6 
O'f 6 
9'1 6 
COT e 
: 6 b 
0.i 6 

O'OOE . 0'03FE O'9CE 
0'09 

D'COE - 0'09 . 0'4 O'CI; 
lN3K3F3NX 3i4I1 S?iP!?rA 

0'9L5 
i. a?.\ 
u , ..+: 

s33ag?a yjsssn x~~~~zy;~~;i~fi 2s -6:;si 
..-I 0- :OFC 

j S33b930 VIV llli?f?'iV 33 *ck?l 
t\*c?;: O0C,ICE 

4 Si38539 XNti O??IMS ?!I t3lVfi JO '*:>31 
'OC4E 0'01; 

d4tlHlilL0 2lZZOW 'A'tl NI *$jEC5 NCI133LNO3 
b!PT 

'4-8 30ISNi '43373 134SSi7df iY?Y !:$$?A3 
G59eC O'CO'F 96C'E O*O$S 
Lh5.i ~~031 ~~4.1 0'39 
€09'1 "'Or ???:I 0*:2 
O+zO1 0.01 <>I I 2.C- 

'$-i/P.lC XIV lk2~9WT 894 '3<322 >%Pi133d603 
. 8'4E~ C "02 

8'%9I 0'6 9'OP i O'd 
F*fb 3'9 ;?*c:. 0'5 
L'Zb ODE 6'EQ 9'Z 

HI C731HS YI h<lYS 203 *?+?Q3 X3i133.4N03 
6 

L9€ I- 6'rE 
FPS I- 83s 
F3Z T- 49% 
ee* - c(;+ 
55% f- 617 
b'fS T- ZZ'r 
27% 1- L4E 
b3b f- 1.f+ 
1% f- SEb 
QE'r 1- 2ES 
ZEI I- F?+ 
EJ(I 1- ETS 
 EL^ 1- $c€ 
LC+ 1- z(?: ZOf 'I- SO? 
Ob$ 'I- 6EE 
b6E f- L5E 
L6E f- S6E 
s55 1- EeE 
Ehc T- CF,! 
6C.E 1- LF, 
LVE I- SBE 
c.3E - 3s 

?or 51351. ihb03 

'O$ 
' Z 8:;"" 
'I 9 OT 

*+IS o*o* 
- 2 
-40r 

4. 
C'O 

z (rZ 
* S'rr on o 
1 2 El 

'OOSE. 0'1 
E 2 21 

'ST81 0'1 
E 2 IT 

• z O-OPZ 
1 @'CO 
' 1. 0' ?? 
' I 0'1 
" 21 C.? 

'i37 C'SX 
'36 C'L 
-0s Go+ 

0.x 
?I 6 

G' 029 



. ---.- 
L . 7 . 2  --t-= 
L.cz;.:<-o 
? :-c 
rcc21ti,, , 
& * € > C ? ; - )  

,.S1~~:-a 
i.':2+;:-5 
i. ;zS,"E-5 
:.;22::-; 
1. ? z - , J - o  . iz zr t-s 
; . r c * . ' s - o  t .  .-;Cf-5 

.I.-i - -  - -  >. -; 2 :  5-6 L * - < - # * = - o  
cE1cE-6 :*:z;;:-= -. --.. 4 . 1  .::;-$ 

:*<2:;:-= 
1.427:i-a 

i l .  . 
' "I.. $ . 

<.? 



N O D  

kO5E 
1 
6 . - . & A  

16 
2; 
Z 6 
3: 
3$ 
4 I 
4 0 
5 1 
5 6 
5 1 
56 
7 1 
70 
e i 

t 3, 
. . C l  

138 4 i.1' 
- 1 s  
i L  + 
12sr 

f k l  
1 4 6  
i>l t?3 
iZ& 

22 a 
2 01 
'8 
$66 

E D A T  

NCDE 
2 
7 

1 2  

i i  
BZ 
42 

ti 
84 
72 
I? 
tie 
ti 7 
4 2 
Q? 

202 
107 
1 3  2 

82' : 27 
132 
I? t 
1 4 2  
421 
r 5 t  : 5$  
It 
17.2 

t:: 
:4; 
107 

$83 
t :q 
22r 
227 
232 

. Z 
0 .  
!? 
*' 
I). 
0 
n. 

NC2E 

9 
14 

:t 
29 
3 4  
3 9  
4 4 
4 9  
54 
5 9  
&Q 
69' 
7 4 
7 9, 
8% 
8 9 
$ 4  
99 

' 0 4  

fto 
llQ 
124 
129 
t34 
139 
.14+ 
149 
254 
1 5 9  
154 
103 
I?* 
I73 
1 ecr 
1 8 9  
194 
te9 
204 
2 0 9  
2 14 
2 3.9 
224 
2 2 9  
Z 34 

Iit 
249 



2 % 3  
25 3 
2 $8 

6 
L tj 
2 p  
Zaa 
2 5 8  
Z F  3 
295 33 
3:? 
3 : 3  

3 t 3  
383 
3 38 
5+S 

E! 
$98  
? 5 3  
sas 
373 
376 
393 
3dS  
3 *3 

28 
488 
4 : 3  
518 

tjg 
413 
638 
4 6 3  
448 zgt  
4 6 3  
668 
4 1 3  
4?% 
4 a3 
rC $8 :a 



C' 
r* 

L
t) 

.J% 
P

- 
-3

 C
- 

I-C
P

 
Y

.
4

 
.-.J

 
1
-3

 
* 

.. - 
I-- 

*
c

lly
 

<
-
I
*
 

I
.
)
 . 

I IU
J
. 

:
-
a
*
 

'*
N

W
 

x
.w

 
4
 

-
0
 

ir 
t- 

1 
4
 

W
W

.3
 

v
)-l 

Q
 

C
tW

ltlJ
 

'7
 11-4 

S
.>

T
 

b- 
V

) 
tr. 

I: 
..113L 
3
 

w
 

.t.. 
s
,y

 
7

-
 
E
 

cxL
.3 

L
>L

* 
W

 
'U

 
2
 

C- 
-J

 
u
n
 

r
l
z

 
L

U
 







APPENDIX C 

T I T A N I U M  HYDRIDE AND BORON CARBIDE 

THERMODYNAMIC PROPERTIES 
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