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I. Introduction 

The thermal analysis of the reference design of the ZrH Reactor U-Pl 

Control Drum has been reported previously in TI-696-26-017 (Reference l) 

and TI-696-2I1—OUO (Reference 2). The analysis presented in this report 

studied the effect on drum temperatures of eliminating the dry wells, 

substituting instead a "cold wall" heat sink external to the reflector 

assembly. This current concept was made possible by the reduction of the 

core power level to 250 kwt and outlet temperatxire to 1200*'F. A 

beryllium void back reflector assembly was also analyzed. 

The drum studied previously (Refs. 1 and 2) was clad BeO {h^ inch 

diameter) with a TalOW-B, C (poison) strong back. A 5 inch diameter version 

of this drum with clad BeO stationary segments between the drums was also 

studied in the present work. In addition a 3.5 inch thick 7.5 inch diameter 

void hack Be drum with Be stationary segments similar to the S3DR .r',̂ ^̂ r̂ 

reflector was studied. •: "̂  ,; ̂  .• • 

As noted above, the former studies (Ref 1 and 2) assumed the control 

drums would be in drywells which would be cooled by the reactor coolant. 

Cooling the drums in this manner creates the problem of a large thermal 

gradient across the inner core vessel and outer row or two of fuel elements, 

see Figure 1 for relative position of the drum and core vessel. In 

order to eliminate this ̂  T, alternate cooling schemes were studied. The two 

most promising approaches were to: l) Provide no reflector cooling and force 
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«n heat generated In the reflector assembly to radiate back to the core 

vessel where the heat may be removed by the NaK coolant; and 2) provide 

a cold wall about the reflector assembly to which the reflector may 

radiate any generated heat. The cold wall may be cooled by the inlet KaK 

or some secondary fluid. 
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II. Discussion 

This study was conductel for a reactor power le-vel of 250 kwt. The 

drums were positioned to represent maximum heat generation rates, nils 

corresponds to the "drijm in" position for the Be void back drum and the 

"poison in" position for the poison beck drum. Heat generation rates for 

250 kwt opsration were not available when this study was perfoimed. The 6OO 

kwt heat generation rates reported by B. J. Thcnpson in Reference 3 

were scaled down for 250 kwt for use In this study. An axial profile was 

obtained from Reference h, see Figiire 2, and a radial profile was obtained 

from R. J. Thomson, Reference 5. The resulting total heat generation per 

drum was 356 vatts/drum for the void back drum and 386 watts/drtmi for the 

poison back drum. A single UOO twt (618 watts/drum) r-on was conducted 

for the i)oi6on back drum. Provisions are made in the models to allow 

scaling the heat generation rates up or down for different power levels 

or more accurate heat generation rates. 

The thermal analysis ^as performed with the TAP-UE (Tape #50153) 

computer code (Ref. 6). A three dimensional network was foimulated for 

each drum type. The poison back drum, network is p-<̂ aented in Appendix I; 

and the void back dJ-um network is presented in Appendix H . Appendix III 

contains a thi id network for use in analyzing a 5 inch diameter Be drum 

with B. C poison inserts in the back side of the drum. This network ,, 

was formulated and checked out but was never used when work on this drum 

configuration was discontinued. Tnis network is Included In this report 

in case further study of this drum is resumed. . , 

FORM 719-P REV. 8-69 

itaWMBW*""-" 11." •a-i'w-'-



ij^
t.u

ji,u
ii|..i.l_

,.^
M

H
il l» 



•tp^Ki^.m^ 

Atomics International 
North American Rockwell 

NO. . TI-759-220-002 

PAGE . -J 

For each model the reflector assembly is considered to be sufficiently 

symmetric such that one dram and one half of the stationary reflector 

segments on each side of this drum are representative of the total reflector 

assembly. The thermal model may then be uScd to mock up a radially sectionad 

half of t e di-um and the stationary segments adjacent to this drum half. 

In the axial direction the reflector assembly is divided into 9 two-inch 

thick sections, see Figure 1. Because the drum is axlally symmetric and 

the outlet end is hotter tham the Inlet end only the 5 layers from the 

midplane to the outlet end need be analyzed (numbered segments of Figure 1.) 

The BeO poison back drum model is then subdivided as shown In 

Figure 3« Trils cross section is based on a 10 drum reflector assembly 

with a 12.3 inch diameter core vessel. The Ta-lCW portion of the dx"um 

aud the stationary BeO scepnents between the drums were considered to be 

axlally continuous pieces of constant cross section but the BeO was divided 

into 2 inch axial segments. In the present drum design the Ta-lOW Is 

continuous over its full l3 inch length but the BeO portion of the drum 

is divided into 3 not 2 inch segments. When this model was formulated the 

stationbiry reflector segnent design was not sufficiently complete to 

determine if tne BeO seg'nents would be continuous or not. The use of 2 

inch rather than 3 inch BeO segmants results in slightly higher peak 

temperatures than would occur in the real case but it greatly simplifies the 

thermal model. The heat ger.eration resulting from the B^C inserts in the Ta-lOW 

was included in the model but the B. C was ignored in the balance of the 

analysis. When the model was formulated the B. C was to be contained in 
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wells vlthln .the Ta-lOW but how many veils and where they would be 

was not defined. Considering that the Bĵ C would be totally contained 

in the Ta-lOfr' and that its tcẑ ĉrature vculd be about *»qiial to the Ta-lCW 

the Bi C was ignored in order to further simplify the model. 

Eie Be void back model is subdivided as shown in Figure k. This 

cross section is based on a 7 drum reflector assembly with an 11.9 Inch 

diameter core vessel. The Be in the drum and the stationary segments 

between the drums were considsred to be axlally continuous. This Is 

consistent with the design when this model was formulated. As the drum 

may have one or two shims, a shim interface was assumed in the model, 

as shown In Figure k. 

The heat transfer at all interfaces for both model was assumed to 

be by radiation only with effective cmittances defined as follows: 

Single bsoTlers: 

t 
^efi-

Multiple barriers: 

where: ^,= i •aissivlty of first surface 

£ = emisslvity of second surface 

Cp5Jj= "nissivity of middle barrier 

Y) = number of middle barriers 
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Emissivities for the various materials used In this study aj* 

shown in Table 1. Considering fne 5 year life requirements and the high 

vacui;ai environment, conservative enissivities were chosen for use In this 

analysis. Excluding the drum surfaces facing the cold wall, all view 

"actors were assu-ned to be equal to 1.0. A time share computer code was 

used to compute view factors for the drum to coJjd wall exchange. Drum 

to cold wall view factors from this code were '^.8h. Considering the 

uncertainty in the drum design and the conservative emissivities chosen, 

a view factor of 1-0 was used in the thermal analysis. ''!.'; 

Table 1 . 
Material Emissivities ^ -̂{r 

Beryllium Oxide \ .-V 0-35 ^̂ '̂ '̂ 

Bej-j'llium O-o 
' ' ' (7) 

Niobium-1^ zirconium 0.35 . . " 

Tantalum- 10^ tungsten " .-

(7) (10) Uncoated 0.22 

Coated 0.8 (12) 

Type 316 stainless steel 

Uncoated O.3 

Coated ^̂  0.8 (12} 
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m . Results " '•̂;•:•:̂ ,̂.;J. ../'.-

Results of the BeO poison back drum study are shown In Tables 2 -4 

and Figures 5 an<3 6. Table 2 summarizes the results for various cold 

vail temperatures with natural emissivities used for an surfaces. 

Table 3 s\immarizes the resiilts with high emlssivity coatings on the core 

vessel and Ta-lOW strong back surfaces. Table k summarizes the results of the 

one run at ̂ tOO kwt. The term adlabatic wan refers to the no cold wall 

case where all heat generated in the reflector must radiate to the core 

vessel where the KaK coolant will remove the heat. Bearing iemperatures 

have been estimated from the outlet end drum temperatures and the work 

performed by Beiriger (Pef. 13). Beiriger's work indicates the peak bearing 

temperature will be equal to the outlet end drum temperature if they are 

in contact. TtiS drum and bearing will be thermally isolated with spacers. 

In vi3w of the spacers, the dram temperature was estimated to be lower 

than the outlet end drum temperature by the average J^ T across the axial 

BeO interfj-ces for the particular cold wall temperature. These results 

are also consistent with the bearing teinperatxores calculated by = ,.- A 

Marchese (Ref- 1*+). Figures 5 and 6 illustrate the temperature variation 

across the drum and stationary reflector. ;.'.'':'•.'':"'•:/' :\ J : 
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Natural E-nisslvity 

Table 2 

Control Drum and Stationary Reflector Temperature 

'• •• ''•' • o 

Cold Wall Temperature, F 

200 500 800 1000 1150 
Adlabatic 
Wall 

BeO-TalOW-B. C Drum 

BeO Stationary Reflector 

Drum Temperatxire 

Peak BeO 

Peak Ta-lOW 

Outlet End Peak 

BeO 

Ta-lOtf '̂ •̂'" 

Bearing Temperature 

Stationary Reflector 

Peak 

Outlet End Peak 

1315 

1U07 

*• 

1121 

137̂ * 

1325 

1293 

126U 

1335 

1U20 

~ 

1153 

1386 

13'*o 

1315 

1231 

1383 

1U50 

122k 

IU15 

1375 

-

1356 

1323 

II136 

IU85 

1301 

1449 

I4l5 

•̂ T-'-'" - ~ 

lUoo 

1368 

1U85 

1517 

1371 

1480 

1450 

;'̂  ...•>- .,-.;' 

1442 

I4l0 

' "̂  

1844 

1770 

• 

1764 

1711 

1691 

1757 

1721 

l_ 

v/' 
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^'' . " / ^ " . -̂ -'V V •-^Table's. . ; ' / • • - ; • ! : ; ; / ; • • : ' •" 

Ouitrol Drum abd Stationary Ref lector Temi>erature ^ ; • 

Core Vesse l & Ta-lOW Cold Wall Temperature, P 

Coated t o y i e l d € - ^ 0 . 8 800 ' I I50 ''°^l!i^^'= 

BeO-TalOW-B^C Drum 

BeO Stationary Ref lector 

Drum Temperatxire 

Peak BeO 1284 I373 1512 

Peak Ta-lCW I3OI 1354 l436 

Outlet End Peak - - — 

BeO 1164 1301 1466 

Ta-lCW ir /O 1317 1389 

Bearing Temperature 1240 I30O 1377 ^̂ ^̂  ' ; ; ^ 

Stationary Ref lector • rr--'"'^-'-'^'^'•' :' •-''^'•'' -' 

Peak 1273 13^7 1466 

Outlet End Peak 1245 ' I32O l442 

; ^ - • / • . - . - • • • • , ; " • . J 
- - • • . :-" 1 

•. " . •••'• "--i •-"'- \ 

^' • . :'- •* '• •• 1 

1 

. • -

• • 
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Table 4 

Control Drum and Stationary Reflector Temperature 

Cor*» vessel & Ta-lOW 

Coated to yield £-0.8 

BeO-Ta 10.7-8,0 Drum 

BeO Stationary Reflector 

Drum Temperature 

Peak BeO 

Peak Ta-ia7 

Outlet End Peak 

BeO 

Ta-IOT 

Bearing Temperature 

Stationary Reflector 

Peak 

Outlet End Peak 

400 Wt. Adlabatic Wall 

1681 

1576 

1605 

1497 

1477 

1619 

1577 
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srxi&j results are shown In Table 5 and Figure 7. 

xlc) vall cases were studied for this drum. In the 

first tae f^srield bedting was Ignored, while in the second the 0-shield 

beatl:^ was assured to radiate back into the drum and Increase the 

effective drum beating. 

TV. Conclusions 

The results indicate that either drum configuration can be designed 

and operated without flowing coolarlt through the reflector assembly. 

Based on peak bearing temperatures < loOO F and peak BeO temperatures 

•^ 1850 F, the piblson back dnam can be used with an 1150°F (or inlet 

temperature) cold wall with natural emissivities; or if high emisslvity 

coatings are provided no cold wall is required. Based on Peak Be temperatures 

< 1350 F, the Be void back drum may be used if a 1000°F cold wall is 

provided. 
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; •- Table 5 ,; 

Contro.l Drum and Stationary Reflector Temperatures 

200 500 

Cold Wall Temperature, P 

800 1000 1150 
Adlabatic 
Wall 

Be Drum Void Back 

Be Stationary Reflector 

Drum Temperature ' 

Peak 

Outlet End 

Bearing Temperature 

Stationary Reflector 

Peak 

Cutlet End 

1162 1182 

1155 1175 

1100 1121 

1183 1199 

1176 1192 

1229 1281 1315 

1222 1274 1309 

1163 1222 1260 

1233 1231 1311 

1230 1274 1303 

Without With 
"Y shield 1̂  shield 
Heating Heatin̂  

1353 

1346 

1300 

1348 

1341 

1525 

. 1521 

1490 

1475 

1463 
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Ĉ
 o

 
p

 
o

 
c
 

p
 

r- 
ec

 u
 

o
 

c
V

iO
 

in
 
m

 m
 m

 
o

 
o

-
.o

 

o
 

o
 

o
 

p
 

o
 

o
o

c
p

o
o

o
o

 
O

O
O

C
'

o
O

O
'

O
O

 

C
.O

 
o

 
c
 

c
 

•-1
 r

v
p

 
.^

 m
 

c
 

o
]c

r 
c
 

c
-

CV
 C

V
 ro

 r
v

 CV. (rv 
O

 
O

 
~

 
'^

 ~
 

'
-

I 

o
l

o
 

c
 

o
 

o
 

cr 

L
 

o
o

c
c

o
c

o
o

p
o

o
 

r>- C
T' c

r o
 

—
 

o
 

o
 

o
 

—
 —

 
C

V
 CV

 
fv

.r
v

.r
v 

c
 

e
 

lo
 
c
 

o
 

c
 

o
 

o
>
 c

 
o

 rv 
ro

 .^
 jiA

 o
 

^
^

 

CV
 C

V
 rv

 •rv <
v
 r

v
 

o 
c 

o
 o

 
c 

c
r 

e
 

—
 ro

 ro
 

—
 

w
d

 rv
k

v
) rv

 rv
 

K
' 

rv
 rv

lc
v
 

rv
 

r 
o

o
o

o
c

i
c

j
c

o
c

o
o

o
 

~ 
O

 ,P
 
o

 
c
 

o
 

o
 

o
 

I
O
 
o
 
o
 
C
 
O
 

o
o

o
o

O
O
 

c
o
o
 

o
c

o
o

o
o

o
o
 

c
o

c
o

c
o
 

c
c

c
o

o
c

o
c

c
c

c
 

C
-. o

 
o

 
o

 
o

 
c
 

I 

tz 
I 

~ 
o
 
o

 o
 
o

 
o

 

O
 C

 O
 'c O

 O
 jS' c 

c p
 

o
 

c 
c
 

c
o

c
o

c
o

 

c
 

o
o

o
o

o
c

o
o

i
o

o
o

 

O
O

O
O

O
O

 

.1 

<
 

o
 

o
 

c
 

O
 

O
 

cr 
c
r c

r 
c
 

c
-

p
 

o
 

o
- c

r 
c
lC

' 
c
: 

c
 

c
 

U
J 

tr 
c 

p
-

c- 
C

 
U

. 

o
 

O
f 

O
O

O
O

O
O

 
o
 

o
 

c
 

,C
 o

 
c
 

c
o

o
 

c
o

o
 

o
 

o
 

o
 

p
 

o
 

c
 

o
 

O
 
*

- »
-j 

c
 

r 
o

 
a
 

o
 

c
^

 c
r 

c
 

tr 
o

 
r- 

o
 !c-»

 
c
 

o
 

c
 

c
 

r 
t 

o
 

—
 

c
 

c
- 

o
- 

c
 

C
^ 

r^
 rrv

 
c=

 
c

'
c
 

c
 

o
 
O

 
O

 
C

 
P

-
C

P
 

c
r 

c
 

c
o

c
 

c
r 

:: ,c
 

c
 

c
 

r 
e
 

c
p

 O
O

O
O

O
 

c
 

cr p
 

c
r 

C
 

c
r lo

 o
r 

C
 

C
 ,C

 C
L

 

o
 

<
 

o
o

o
o

o
o

 
C

 
0

 
0

,
0

0
0
 

I I 
c
 

o
 

o
 

o
 

c
 

o
 

c
 

c
 

o
 

o
 

o
 

o
 

jC
 

o
 

C
 

O
 
f*- 

o
 

00 
«r 
c. 

o
o

o
o

o
o

 
cr 

a
 

o
 
I"

 
c
r 

o
 

o
 

o
 

c
r 

c
r 

o
 

c
 

O
'
o

 
c
 

T
I-759-220-X

)2 
P

^
e
 
3

3
 

o
o

c
c
 

o
 

c
 

m
 

o
 

p
- <

o
 
c
r 

P
o
 r

v
 ro

 fv
 r

v
 C

V
 

CVI r
v

 P
o

 (pv< r
v

 C
V

 
o
 

o
 

o
l

c
 

o
 

c
 

o
 

o
 

c
 

p
 

c
 

c
 

o
o

o
o

o
o

 
o
 

—
 cv..ic«- 

«*• m
. 

CO
 rO

jC
o
 
ro

 c
r 

rv 
rv

i c
v

jrv 
cv. r

v
 

O
 

C
 

C
O

 
O

 
o

 
o
 

o
 

o
p

 
c
 

o
 

o
 

o
 

o
 
,o

 
c
 

o
 

c
 

c
 

c
 

o
 

o
 

o
 

o 
c 

c
.

c o
 

o
 

o
o

o
o

o
o

 

o
 

o
 

o
 

r>- c
 

c
 

ec 
cr 
o

 

o
 

o
 

c 
o

 
c 

c 

I 
'^^'.^^•f 

A
f\'aim

i&
A

ii,M
. 

<
• 

c
 

o
 

o
p

 
c
 

c
 

o
 

o
 

c
,

c
 

o
 

o
 

c
j

c
 

o
 

o
 

c
 

I
I 

I 
I 

• I 
U

J
!U

J 
U

. 
U

l 
L

L
. 

O
JC

 o
o

o
 

d
o 

o
 
o
 

o
 

o
ic 

o
 
o
 

c 
o

o
o

o 
cr o

 
o
 

o
 

c
 

O
 

O
 ty

 
I 

I 
i

-
U

J U
-.'O

 
O

 
O

; 
C

 
o

,
u

 
c

o
p

 
o
 

o
 
>

-
—

 
o

 

O
 

C
 

O
 

O
 

O
 |

0
 

I 
I 

I 
I 

I 
j I 

U
, 

U
- l_

 
U

J U
J U

' 
U

-" 
O

 
C

 
O

 
O

 
C

 "O
 

o
 

c
 

c
 

(T
 
c
r 

o
 

O
 

<*" 
o

 
<

- 
f^

 '^
 

¥ r-

o
i
c
 

o
 

o
r

-

C
 

vT
 '>

^ 
>! 

• 

O
 

O
 ,c

 
c
 

o
 

p
 

I 
I 

I 
I 

I 
I 

LL, 
L

U
 L

L
 U

J jU
_ 

o
 

o
 

o
 

o
 

o
 

.o
 

o
 

o
 

,o
 

o
 

c
 

|o
 

o
 

o
 

c
 

o
 

c
 

c
 

«»- O
 

p
- h

- P
- ;r^

 
rv 

c
r 

O
 

O
 

O
 •J^ O

 
O

.
O

 
I 

I 
! I 

o
 

o
 

!r5
 o

 
c 

c 
o

 
o

 
I 

|l 
1

 
I ii 

I 
U

J 
U

J 
L

'J 
U

- 
U

J 
U

J 

o
 

o
 

c
 

c
 

o
 

c
 

o
o

o
c

c
 

O
 

O
 

O
 

O
 

C
 
O

l 

o
 

o
 

p
- p

-
o

'o
 

o
o

 

U
J u

- 
I:J

 
U

J
 

o
 

o
 

O
 

o
 

O
O

O
O

O
 

c
 

c
 

o
' cr 

c
r 

o
 

c
r 

c
 

c
 

c
 

cr O
"

 
er 

o
 

c 
c 

c
 

o
 

o
p

 
o

 
c
 

o
 

o
 

c
 

o
 

o
 

o
 

o
 

c
 

f^
 O

 
O

 
C

 
C

O
 

o
 

o 
o

 c 
—

 —
 o

 
ĉ

 cr 
la

 o
 tr 

o- cr 
'
O

T
O

 
c 

c 
;
c c 

c 

O
O

C
 

O
 

O
 
C

|
0
 

I
I

I
: 

I 
I ) I 

1̂
1

 
L
U

 
U

J
 
U

J
 U

J
 L

U
.U

J 
U

J
 

O
 

O
 

C
 

C
 

O
 

I 
1

1
 

u
.' U

J
 U

J it
: 

c
 

c
 

'o
 

o
 

C
 

O
 
O

 
C

 
O

 
C

O
 

O
O

O
C

C
 

c
c

o
c

c
 

<
~

'
o

o
o

o
o

o
 

o
o

o
c

i
o

c
o

c
o

c
p

o
c

c
c

o
 

C
 

r^
 r- 

p
- P

t O
 

P
- ^

jf^
^
 -

^
 

C
 r- 

"
o
 *

-
o

r
~

o
o

O
v

r
r

~
'

C
o

O
o

O
'

0
.

r
^

i
*

-
o

 

O
O

O
O

C
C

O
C

C
O

O
C

 

1 1 
c

o
'

o
o

O
i

o
c

c
o

o
c

o
o

o
o

o
c

p
o

c
c

o
 

r
-

i
C

r
r

c
t

i
o

'
-

r
-

O
c

i
r

i
O

f
-

^
r

, 
C

c
-

C
C

O
 

O
O

e
C

o
 o

;o 
c

o
c

o 
C

o
 o

 
c 

c 
c 

o
 

f 
1 

o
 

c
 

,o
 
c
 

c
 

o
c

c
c

c
c
 

o
o

c
c

o
c

c
c

c
p

o
c
 

! 
i 

C
 C

 C
O

 o
 

c 

c
 

o
 

c
 

O
 
C

 
C

 
c
 

C
C

o
C

C
'

o
C

O
C

C
C

:
C

C
O

C
O

y
}

-
p

o
O

C
,

j
-

' ^_- 
—

 —
 ^

 
—

 —
 j-J —

 —
 —

 —
 

j
—

 ^
 

—
^

—
 

m
 

«—
 o

 
p

- 
C
P

 

t
o
 

O
 

o
 

o
 

r 
a?

 c
r c

 
m

'-
- 

o
 

f^
 

CO
 

m
 

o
 

o
 

o
 

o
 

m
 

m
 m

 
m

 
m

 
>

- 
>

- V
 

>
 

>
-

) 

C
 

C
 

C
 

C
 

,J
- O

 
C

O
 

o
 

O
 

1^ 
cr 3C

 
>- >

-

cr —
 

o
 

r~
' 

m
 

m
l 

V
 

V
 

• 

c
c

c
r

c 
—

 '
v

p
-

i
^

x
^

o
'

^
c

r
c

r
c

- 
r

v
r

r 
..r s

* ^
 

r^
 rr 

c
 

f
^

t
^

y
, 

c
n

c
T

T
. 

t
r

c
n

c
r

c
j

?
e

r
.

m
c

o
c

r
c

r
C

"
O

0 
P

^
'C

'O
 

«
r

<
•

^
r

^
?

^
r

>
^

«
?

•
»

r
^

3
•

^
J

•
>

J
^

l^
?

v
T

^
v

^
>

*
,r

•
.3

'J
^

.J
•

^
,t 

t
o

^
c

-
p

o
f

^
i

T
i

n
o

r
-

c
c

c 
o

-
*

r
v

»
o

«
y

m
o

P
-

o
o

c
r 

'^
•

r
-

K
c

c
c

r
e

o
o

t
t

r
.e

o
c

c
e

r
o

c
c

r 
c

r
^

^
^

P
'

O
O

^
^ 

V
 
V
 
V
 
V
 
>
-

I
 

4
 

(
 
>
-
>
-
>
-
v
>
-
.
>
-
>
-
>
-
>
>
-

I
 

c
c
 
o
>
 

f̂
 »̂

 
m
 
m
 

>
-
'
v
 

c
r
 —
 
—
 
—
 

>*•
 o
 
o
 
o
 

o
 
—
 
r
v
 r
o
 •
*
 m
 
o
 

c
c
 e
r
 c->

 c
r
 c
c
i
o
o
 o
r
 

cr
 o
 
cr
 0
"
 cr
 C
T
-
 ĉ
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û

 
un 

h
- 

f̂
 

f^ 
r^ 

f̂
. 

r> 

o
r 

d" 
;" I u

- 
.n 

If* 
iT

 
rv 

u
. 

•̂
 

rv 
«v 

«̂
 

fv 
-J- 

•-
Z

>
' 

i 
rt 

1/5 
.r

- 
< 

I . 
!_

l 
—

 

*
c
b
J 

c a i 
^ 

I 
ti. 

tr, 
O

 
tu

' 
- 

tr.] 
<• 

c 
in 

.n 
u-̂

 
iT

 

e
' 

c <r 

O
 

c 
c 

r 
rr 

O
 

C
 ^\c- 

o 
c 

^
!

ir 
.̂o 

c 
r^ 

r
.̂ •»» 

.? 
O

.C
 

o 
c 

O
 

O
 

fV
 

fv-
C

 
C

 
O

 
c 

rv 
fV

 
rv. 

rv 

• 
C

 Z 
~ 

z- 
tr 

r^ 
y: 

Z
> r\ 

r- 
^ 

—
 

c 
O

^
—

'
C

O
 

Z
>

' 
• 

• 
• 

• 
•

•
T

'^
N

J
- 

•
^

~ 
I/"" 

•
C

r
r 

•
•

»
,

•
•

•
•

•
•

•
• 

c
c

c
c 

oczriifN
in —

 c
c

«
i

,
c

z
c

c
c

c
c

c
c

c
c 

c
,o »r 

iT
 

'- 
•—

 rv 

T
A

 

U
J

I 

O
 

C
 

OC
 

T
 

y 
rr. „- 

c-
t^ 

.—
 rv 

i^
, 

—
 

fvi 
r»> 

^ 

<- 
-^ -c-

•- 
rv 

•''•» 
i.-\ 

c 
m

 
eo 

y 
rr 

O
 

—
 

IT
 

C
 

C
 

c 
rv 
C

 
rv »-
o —

 

f'- 
r»- o 

-M
 

ec 
I." 

-? 
.n o 

^̂
 

C
 

O
o 

—
 

O
r

O
C

O
O

C
C

 

in 
e-o 

rv.|l«^ 
C

 
(V

 
O

'rri 
..?• 

tn 
«^ 

iT
 

m
 



n o i o M o 

\n\.) fc^ 

AT G£''<'^'. A 
L AMO T,l«= 

U N I T V O L U ' r 4EAT GENERATION RATES 
T 1 0 \ ' !<AT'^<; TO ^ERO 

r i O N SATES 
COLD WALL 

RUT THOS*-: FOR THE CORF 

\ 
\ 

S f A T . PFP 

noio'^^o 
12010/*30 
noio'-i^o 

"r2oi"o''»r)V 
1 2 l ' l 0 ' . 6 0 
12010''»70 
no io^ ' io 
12010^90 
120l0/«O5 

' 12010560" 
12010510 
12010523 
12010530 
I20105'n 
120l055q_ 
"12010560 
12020000 
12020002 
''l2"020005 
12070007 
1202000a 
"̂ 12 02 60 To" 
12020020 
120 200 30 
12020'0'»0 
120?005 0 
J 20 20060 
I20y00>'0' 
120200RO 
12020090 
12020100 
12020110 
12020120 
1262"013 0 
12020l'fO 
12020150 
I 20201'.0 
12020170 
J20 20n_O 
12020190" 
12020200 
12J120210 



iN
V

'iiiiw
w

ir 
ftiiM

te^:H
H

M
W

titiB
M

^ 

rv 
rv 
c C

j
O

 
rv rv

. C
 

C
i

O
 

..••• ir\ w
 

IV
. 

rv
'rv 

C
 

C
 ,

o
 

rv 
n

j 
«v

 
O

 
C

O
 

rv
 rv

 
rv

 C
 

<
- 

C
 

t- 
fr.jO

 
r. 

rv
'rv 

O
 
C

i
C

 
rv 

rv
'rv 

o 
d

o
 

r>. 
rv

'lfv 

c 
c
 

rf, 
rr\ 

C
 

O
 

rv 
rv

 
C

 
C

 
rv

.rv 

O
 

C
 

""• 
-"—

'•• • --• 
^
 T

 

c
e

o
 

O
O

o
C

O
 

»
n
 «."• r^

.c
" 

o
 

C
 

.->
 (V

 
f^

|»
i-

r^
r"

r<
- 

c
^

r
"

r
^

o
>

r
«

?
-

^ 
"

S
'l^

 
o
 

o
j
c
 

o
 

o
'
o
 

C
 

C
 

O
 

o
 

o
 

o
 

rv, r
v

:
n
 

fv
 r

v
 .-\. iv

 rv
jrv

) 
rv

 
rj.tv 

^ 
r:\c

: r>
 
c
.c

 
rv- fv

 
rv

 r
v
 rv

 
rv

 O
 

C
i

O
 
o

 
rv 

r̂
»
 c

v
 rv

 
P
v) 

IT
 -IT

 
O

 
^

 
ec 
o
 

r\ 
ir 

c 
c
 

rv 

O
 

O
 

U
- 

L
L

lu
L
 

li- 
t:-

ti.' 
U

. 'li- U
.' LL' 

a
 

c
jtr- 

r
r 

rir 

<
r <

:;<
 

<
: <

• <
r 

•
- 

»
-:<

- 
»

-
»

-
»

-

c
? ./) l

o
 «/5 1/5 I

/: 

I 

1 
11-759-22^

-002 

-r~'r"''--*-r---̂
 r

V
 

C
 

O
 

O
 

O
 

O
 

'^
 r̂

 
<

• ' IT
 

U
~. t.' 

O
'O

 
o
 

o
 

rv 
r
v
 rv

 
rv

 
O

O
O

O
 

iv
'«

v
. 

r
v

 
r

v
'r

v 

O
- 

C
 

C
 

C
O

 
..J- 

m
.^

p
 *^

 "
' 

iry in
'IT

 
IT

. IT
 

o 
o

 o
 o

 
c
 

rv 
«v

 n
- r

v
 rv

'rv 
O

 
c

'c
. 

C
 

C
 

rv 
rv

 rv
 TV

 r
v
 
rv

i 

! 
P

age 5
3
 

• 

r. 
IT

 t
r 

IT
 

O
 

fv
'rv 

If 
—

 
• 

—
 

—
 

^
 

e~ o
 —

 
CV. O

 K
-

»f. 
^

 
c
^

 

t 

fV
 

ro
 r»^;r<-

rv 
fv

 r J 

1 1 
I 

r -
fv 

>
f f»

 
] 

. 
f^

 r~
 fv

 tr- IT
. 

• 
•
. 

•
<

?
-

c
o

—
"

•
-

'"
.
c

>
r

r
^ 

• 
• 

• 
c

t
"

-
r 

•
•

•
•

•
• 

•
•

-
-

r
—

r
^ 

rv 
—

 —
f

~
^

 t
r 

i
^

r
'

f
r

v
r

v
r

j
-

-
—

« 

i 

u
. 

>
-!("

 
C

 
ii' 

-y- 
C

 

o 
c

l 
a
- 

in
 

—
jc

i 
-J

 
c 

*
',»

-

cr. 
^
 

.1
) 

lu 

X
 

X
 

_
»

:a
J
 

»
- 

•
- <

 
f

f 

jir. 
»V

) 
i

r
'

m
 

r
- 

—
 c 

u
' 

<r 

i I i I 
rv 

rv
 

o 
o

 
o

 
o
 

-
, rv-

-J?
 "*. 

>C
 

0
*

3 
0
 

rv 
n

. 
rv

, 
o

o
o 

fv 
r̂

 rv
 

C
 
<

J
 

c m
 

o
 

,
-

'
^

 in
 

rr 
f^

 tr 
\ 

*^ 
—

 
-
f "V

 
4
.-1

 
• 

•
•

•
•

* 

I 
iT

. 
•

r
c

o
-

-
r

v
f

^
-

«
r

i
n

«
i
J

^
>

 

I 

If- 
t~

 
>

r 

i 
»«^!r- 

f^
 fv

 rv
 

0
«

r 
c

'
^

r
^

r
v

-
f

^
f 

L" 
«

r r- 
S

T
 o

- 
o

 
en

 «?- C
r

v
 

f̂
 «?

 
^ 

v
j 

^
N

r
-«

?
 

.^
 ^

<
r

].j-, 
*

i
f 

in
>

f^
ir

.in
ir

»
.'^

u
'*

in
«

c 
rv

 
r
- 

^
 

o 
«c •; «

r 
c
 

^
 
C

 
C

 
—

 »
v

 .*
 



IT
 

O
 o

 
c

iin
 
o

 
c
 

v-n 
r

- C
O

 
—

 
r

v
 

vT 
O

 
C

 
O

 
O

 
C

 
C

> C
 

rr 
C

 
>T-

rv 
fv

 o
'

o
 o

 
C

 
c 

o
 

c
 ,o

 
o

 
c
 

rv 
fv

j O
 

;"" 
r^

 rrt 

c er 
C

 
C

 
c 

c
 

c 
o

 
c

,
c
 

o
 

o
 

r<- 
>
>
• 

I!
N

|<
; 

"
~

 
f

-
c 

o
 

o
 

c
 

c
 

o
 

o 
c
 

c
,

o
 o

 
c
 

c 
o

 
o

 
c
 

c
 

c
 

O
 

O
 

C
jC

 
'-' 

c
 

f^
 

f^
 
f*-. /<

^
 f^

 
p«

 

^5:=^ir 

o
 

c
 

e
 

o
 

o
 

c
 

•5. 
o

 
—

'
r

v
 rr^

 
^

 

o 
o

 
o

 
o

 
o

 
c
 

c 
c
 

c
 

o
 

c
 

o 
O

 C
'
o

 o
 

c
 

rr.rr.rr-'rn
r-.rr 

o 
o

 

ertrr 
c
o
o
o
c
o
c
o
c
o
c
o
 

c
o
c
o
c
c
o
c
 
o
,
c
 o
 
o
 

1
0 

*** 
ie —

 
C

O
 

—
' ^

 c O
 

,'>
 

O
 

C
 

o 

c
r.O

 

c
.
c 

c
e

o 
0

0
0

0 
! 

O
C

 

e 
c
 

o
 

c
 

o
 

o
 

c
 

• 
0

 
c-

c 
C

o
 

c
 

c
 

c
 

c
 

o
 

c
 

o 
o

 
c
 

o
 

o
 

c
 

tn 
vO

 ^
-'c

; o
 

c
 

—< 
—

!—
 —

 rv
 

o 
o

 
o

l
o

 o
 

c
 

O
 

C
J o

j
c
 o

 
o

 
c 

o
 

^
 

o
 

o
 

c
 

r^
 

r^
 
r"

. r<
^
 c

^
 f^

 

c 
c
 

0
.

0
 o

 
o

 
o 

o
 

o
l

o
 O

 
c
 

T
I-7

5
9

.2
2

0
-0

0
2
 

o 
o

 
o

 
o

 
O

 o
 

^
j 

r
v
 r

^
 ^

 
m

 «
r
 

rv 
r

v
 rv

irv 
rv

i 
(v

 
O

 
c
 

O
 

c 
c
 

c
 

O
 

O
 

o
 

r^ m
 

o 
o

 

OC e
-

o
 

o
 

c
 O

 o
 

c
 

o
 

o
 

c
 

o
 

e- 
o

 
o
 

r
- 

fO
 

<
 

O
o

o 
C
 

O
 c

 
o

 
o

 
c
 

er. 
f^

 r
- 

f>
- r

^
 
*

- I 

r- 
>o >£ «r vC

 
<

; .c'-c r
^

 
! 

-
- r^ c 

c
 

c
 

c
 

c
 

c
 

c- 
c
- c

 I
c
 c

 c
-
jc

 
c- 

c
- o

i
o
 o

 
c
 

c
 

C
 

C
 

C
 

C
 

C
 

C
 

C
i m

 
CVJ 

cc c
c
 

c 
c
 IT

 
ec 
c Q

 
C
 

C
 

c 
c
 

o
 

cc 
c
 

rv 
f- r

v
 

o 
o

 
o

 
c 

c
 

o
 

0
0

0 
rr- 

r
. 

P
agw

 
59 

o 
c
 

o
 

o 
-
- rv 

rr. 
f

f i*^
 

o 
c
 

c
 

o 
o

 
o

 
c 

c
 

c
 

rr^ 
rr- rr. 

O
 

O
 

C
i

O
 
C

 
O

 
O

 
C

 
O

'
O

 O
 

O
 

c- 
c

-;c
- c

 
c

-r-!o
 

c
 

c 
o

 
o

 
c
 

o
 

o
 

c
 

c 
c
 

c
 

e
 

o
 

c
 

c
 

c
 

o 
c
 

o
 

o
 

o
 

<
r 

m
 

o
 

t
~

 
e

^
 

c»-. 
r^

 
r
f, c

^
. 

c
^

 
O

 
O

 
O

 
o

 
O

 
"-• •

" O
 o

 
o

 
o 

o
 

o
 

rri rrv f^
 

C
-

O
 

C
 

r-"- r̂
 

O
 

C
 

O
 o

 
0

|C
 o

 
c
-

c 
o

 
o

j
o

 O
 

c
 

cc cr-

0
0 

m
 

C
O

 

c 

c
c

i
c

o
c

c
o

c 

f̂
 r

- ̂
- »̂

 ̂
- f*-,-̂

 
;n

 "̂
 ̂

- r
-

vC
 
o

 
iC

; o
 

v
i -

i ,C
 

If. r
v
 iT

i .r.-vC
 

O
 

vC
'vC

-

on 
r»̂

 
li."

 
.y 

rv
i 

'C
! 

• 
• 

If—
 

rv 
f^

l 
1

;?
 

C
 

O
 

C
 

C
 
I o

c
—

-
'

O
c

l
o

c
r 

o
'-

c
l
r

—
«

-
- —

 
i 

; 
O

 
O

 o 
O

 
c
 o 

c
 

o 

o c c 

in 
rvi 

er» 
If* i

n
 f*^

 
o

r, fM
 
i
^

 rv
 

v',|—
' r̂

 n
 

o 
,-• r 

-:c
! 

•*• O
j
o
 rz

 'Z
. r^

 C
 r_

 i~
 c

 
^

^
 

o
 

c
^

c
 <~

 «~
 c

 

^
—

,
—

j
^

- 
. 

^
^

—
—

p
. 

o
 

c
 ic

 
c
 

o
 

o
 

o
 

o
 

(̂
 ^

 
^

'
^
 ^

 
'^

i-' -^
 -'.-^ '^

 ^
 \^

 
•fv

f'<
»

•v
rv

i•,..•^ 
v

^
••?

•|.*
v

3
•.^

,c••^
•.r'o

• 
>?•-?• 

vT
'J-vj-),?-

C
 .C

 -a- ,J- vT
 

c
 

o 
c
 

O
l
o
 o

 
o

 

ff> 
i
n

 .£
 f^

 
rv

 
IV

J r
v

 rvi .
, 

«r ^
i-^

 -.?• -a
-l^

 
>• >

.
v

 >
 
V

 >
 

V
 >

;
>

 >
 
>

 
V

 >
 
>

 
V

 >
 
>

- V
 >

 
>

;>
- >

 
>

- >
- V

 
>

!>
-

m
u

n 
^

- O
' 

-<
 rv

-m
 .c- iT

.vC
 r~- tt!c

^
 c
 

-<
 f̂

 v
- m

.c f"
 Q

 <J
 o

 
—

!rv "̂
 irl-c 

*̂- «c p
-

^-,^^
 r- f^

- 
I 

I 
-^

 —
;.- -^

 —
i-" "

- —
—

 '̂
 rvlrvi fvi rvlrvi rvj rvlrv 

O
 

^
i

r
j 

fr> ff. 
r

o
 

O
 

—
• 

rvi 
m

 
r^ 

f 

r 
v

t 
f*" rr* 
««• -^

 
>

- 
V

 
V

 
r^ 

.j-lin 
^ 

fftlf c
 

vj- .j-;o
 

v»- 
c
 

r*> r
f r«-. «» 

-
c 

»*• ^
!«

* ^
 -a-

>• 
V

l
>

. V
 

>
i 

•r er,cr C
 

ff> 
rr'fr> 

•<?• 3 
•m

^m
am

m
m

m
^m

K
^ 

"^ 5
^
: 

I 



'-• 
I—

 • ^
.^

.-.|.i,..|—
..-^

1 
liiM

tiii 
m

ri ••iilii 
'I 

1 
zs^sz. 

c c c 

o
 

c-c 

o 
c 

o 
^

 
v3 vJ-
o

 
o

 
o

 
c 

c 
o

 
ro ro 

O
 

O
 

C
 

r«- 
<

f 
If 

V
- 

-J
- vT

 
c 

o
 

c 
c 

o
 

c 
C

: 
C

^
 

C
^

 
r^

'^
rr, rr' **" 

O
 

O
 

o
 

c 
c

 
O

 
o

 

c «r 
a 

o 
c 

c 
c 

O
 

O
 

c
 

o
o

o 
cr o 

c 
c 

c 
o 

o* o» 
o 

c 
c 

c 
o in 

eo 
c 

C
 

C
 

^- ^ 
^ 

^- ^~
 •<>. m

 
o 

o 
.c vs 'C

 rv r-
—

' 
•-" «

-• .-4
 

•-• 
C

M
 

f 

o
 

o
 

c 
o

 
o

 
^ 

o
 

O
 

O
 

C
 

O
 

C
 v.* 

IT
 «o r~

 
vj- 

v
r v'-

vs- «»• 
>- 

>
 

C
D

 
«

*
• 

> 
e

r 
•J-

o 
o 

o 
»r r^ 

f 
.f 

-c <
r 

O
 

O
 

C
 c

o
o 

o 
o 

—
 

^ 
If . «n

 
o

o
o 

c 
c 

C
'o

 
o

 
c 

o
 

o
 

c. o
 

o
 

o
 

rr\ 
o

 
f 

r̂
. r-. 

r^
 

a: 
o 

c 
o 

c 
o 

tr 
c 

o
 

•<
 

c: 
o

 
c 

o
 

o
 

c 
c 

in 
er-

e 

o 
c 

o
lc

r 
O

 
O

 

1
^ 

rv 
rv 

c o
 

c-c 

••n tn
 

--
0

|fv
j 

rv -^
 

C
 

-
* 

O
 

C
 

—
 

o
 o 

c 
o 

o 
o 

o 
r- 

rr 
-^ 

\r 
<

• 
If» in

 If m
 

If* If 
o 

o 
o

,c 
c 

c 
o 

c 
c

j
c 

c- 
c 

O
 

C
 

C
O

 
c

 
c

 
rrs 

fT
. 

r'.'rr 
r^

 

<
 

o
 

o
 

O
ic 

o
 

c 
c 

o
 

c
io

 
o

 
o

 
. , 

in 
ec 
c» 
o 

o
o

o 
i^ c-lo

-
cr c iCT» 
C

 
O

l
O

 

o
 

c 
c 

c 
o

 
c 

cc 
O

- O
i»

- rv r~ 
.n If 

vC
 -o ^

 
vC

 
o 

o 
c

,c 
o 

o 
o 

c 
o 

c 
o 

c 
C

 
O

 C
O

 
c 

o 
fn 

!»• r^
 

?«->
 

m
 

o
 

O
 

O
 

O
 

c
 

o
 

o
 

O
 

O
 

C
i

C
 

c
 

c
 

a-o 

c 
c 

ĉ
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