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FOREWORD

This report is submitted by Martin Marietta Corporation to the Depart-
ment of Energy in accordance with provisions of contract DE-ACO3-
78ET21038. This final technical report summarizes the work related to
the conceptual design, cost and performance of the Solar Central Re-
ceiver Hybrid Power System, Phase I, which was performed during the
period of October 1978 through August 1979. The report consists of the
following volumes:

Volume I - Executive Summary; -
Volume II - Conceptual Design; -
Volume III - Appendices.

The contract was under the direction of Dr. S. Douglass Elliott, Jr. of
the Department of Energy, San Francisco Operations Office, Oakland,
Califoriiia. Mr. Kirk Battlesvua of 8amlia Laburaluries, Liverwore, Cal=
ifornia was the Technical Manager.

The efforts performed by the Martin Marietta team are as follows:’

1) Martin Marietta Program Management; System Design and
Optimization, Interface Definition;
Conceptual Design, Analysis and Optimi-
zation of the Heliostat Field and Re-
ceiver; System Economic Analysis

2) Badger Energy, Inc. Conceptual Design, Analysis and Optimi-
zation of the High-Temperature Salt
Subsystems,

3) Gibbs & Hill, Inc. Conceptual Design, Analysis and Optimi-

zation of the Electric Power Generation
System (EPGS), Tower, and Nonsolar Sup-
port Facilities

4) TFoster Wheller Conceptual Design, Analysis and

Development Corporation Optimization of the Nonsolar Encrgy
Source .
5) Arizona Public Service Utility Engineering Review of System

Design, Utilization and Economics; and
Develaopment of the Market Analysis
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APPENDIX A: PARAMETRIC SALT PIPING DATA

This. appendix contains piping data generated by Badger Plants
in support of the parametric analyses performed in Task 3. These
data have been broken down into.Table A-1, Piping Vs. Plant Size,
and Table A-2, Module Piping. Each table details the’ length, pipe
size, material "and required valves and fittings required for each
plant size and module configuration. . The piping in the Appendix
includes the tower piping, piping. through the collector field and
interconnecting piping to the plant. .

Table A-1 provides the salt piping details for. 581 MWth 1162
MWth and 1743 MWth plant sizes. The plant configurations are 3-,
6- and 9- 193 MWth modules, respectively.

Table A-2 provides the salt piping details for module piping
(tower piping and field piping through the collector field only)
for 150, 300, 450 and 600 MWth module sizes.

Additional discussion and cost data is contained in Section
3.3, Volume II.



" APPENDIX A

TABLE A-1 PIPING VS PLANT SIZE

This table prov1des detalls of pipe length plpe 51ze, fittings,
valves and expansion loops required for a range of thermal rated
plants from 581 MWty to 1743 MW.,. The details provided are:a re-
sult of rough plant layouts for each case and are limited to network

piping, risers and downcomers and headers ‘Furthér discussion is
contained in Section 3.3

581 MWeh .

Horizontal Branch Lines:

316 Stainless Steel

2 x 1355 12" sch 30_ - .
4410 (4 - 12" sch 30 els
8 expansion loops x 4 - 12' sch 30 flexible joints-
40'=~.12" sch 30

3 x 612" .sch 30 els
3 12" gate - ‘6004 WNRTJ
3 12" PCV - 600# WNRTJ

Carboh Steel

2 x 1355! S ' - ‘
2440' 12' SC€h 20 T4 _ 954 sch 20 els
4 expansion loops «x 4 - 12" sch 20 flex. joints
40'-~ 12" sch 20
3 x 5 12" sch 20 els
3 x 2 12" sch 20 "1_"
3 x 3 12" 3004 gated

Risers and Downcomers

316SS

3 x 270' - 12" sch 58

3 x 200' - 12" sch 20 A

3 x 50" - 12" sch 30 (4 - 12" sch 30 els

3 expansion loops 4 - 12" sch 30 flex joints

40'- 12" sch 30
Carbon Steel

3 x 220' - 14" sch 20

3 x 250' - 14" sch 40

3 x 50' - 14" sch 60

3 x 6 - 14" sch 60 els
3 x 2 - 14" sch 60 "Ts"




TABLE A-1 PIPING VS. PLANT SIZE (cont.)

581th

h

Risers and Downcomers (continued)

C. S.
3 14" PCV 600#
3 x 2 - 14" check 600#
3 x 2.- 14" gate 600#
Headers
316ss
2 x 2300' 12" sch 55 (4
2 x 4 expansion loopsx{ 4
40

c.

S
2
2

X
X

2300' 12 sch 20 4
2 expansion loopsx4 4

(40'-

12"
12"

12"

lzil
12"
12%

s¢h
sch
sch

sch
sch
sch

Ss
Ss

S5s’

20
20
20

els
_flexibleljoints

els
flexible joints



TABLE A-1 PIPING VS. PLANT SIZE (cont.)

1162MWth

Horizontal Branch Lines

316 Stainless Steel

6 x 2300' - 12" sch 30 (4 12" sch 30 els

6 x 4 expansion loops xj4 12" sch 30 flexible ]Olnt
6 x 6 - 12" sch 30 els (40' - 12" sch-30

6 x 1 - 12" gate 600# WNRTJ oo

6 x 1 - 12" PCV 600# WNRTJ

Carﬁnn Sreél

2300°' = 12" sch 20 (4 12" sch 20 els

2 expansion loopsx ¢ 4 12" sch 20 flexible joints
5 = 12" sch 20 els {40' 12" sch 20

2 - 12" sch 20 "7_"

3 - 12" 3004 gate”

AR O
L A

Risers and Downcomers

316 Stainless Steel

x 270' - 12"-sch 5s

x 200' -~ 12" gch 20 :

x 50' - 12" sch 30 4 2" sch 30 els

X 1 expansion loop «{ 4 12" 30 flexible joints
40'- 12" sch 30

AN

Carbon Steel

6 x 220" - 14" sch 20

6 x 250' - 14" sch 40

6 x 50' <= 14" sch 60

6 x 6 - 14" sch 60 els
6 x 2 - 14" sch 60 "Ts"
6 x 1 - 14" pcev 600

6 x 1 - 14" check 600#
6 x 2 = 14" 600#ygate




TABLE A-1 PIPING VS. PLANT SIZE (cont.)

1162MW

th
Headers:
316sSS .
6325' 18" sch 10 4-18" sch 10 els
10 expansion loopsx] 4-18" sch 10 flexible joints
4-18" sch 10 "Ts" 40'~18" sch 10 -
4 -18" x 12" sch 10 reducers - ' ‘
1355’ 24" sch 5s 4-24" sch 5s els
2 - expansion loopsx§ 4-24" sch 5s flexible joints
2 - 24" sch 5s "Ts" 40'-24" S5s
2 -24" x- 12" 5s reducers
c.s. |
6325°' 18" sch 10 4-18" sch 10 els
4 - expansion loopsx { 4-18" sch flexible joints
4-18" sch 10 "Ts" 40'~18" sch 10
4-18" x 12" sch 10 reducers '
1355' 24" sch 20 4-24" sch 20 els
l-expansion loop % 4-24" sch 20 flex1b1e ]01nts
2-24" sch 20 "Ts" 40'-24" sch 20.

2-24" x 12' sch 20 reducers



TABLE A-1 PIPING vsl PLANT SIZE (cont.)

‘1743MW£5 '

L e - - . . A Sl et

Risers and Downcomers

316ss

9 x 270" - 12"(§9h 5s

9 x 200' - 12" sch 20

9 x 50' - 12" sch 30( 4 - 12" sch 30 els:

9 x 1 expansion loopxy 4 - 12" sch 30 flexlble jOlntS
40'- 12" sch 30 :

C.5.

9 x 220' = 14" sch 20

9 x 250' - 14" sch 40

9 x 50' - 14" sch 60

9 x 6 - 14" sch 60 els
9. x 2 - 14" sch 60 "T "
9 x 1 - 14" pcv 600# °
9 x 2 - 14" check 6004
9 x 2 - 14" gate 600¢#

Horizontal Branch Lines

316SS

5 x 1355° " ' .

4 x 2429 12" sch 30 . 40w Seh 30 els

26 expansion loops . # -4 = 12" sch 30 flexible joints

9 x 6 - 12" sch 30 els (40°'~ 12" sch 30
9 x 1 - 12" gate 600# WNRTJ
9 x 1 - 12" -pcv 600# WNRTJ

C. S.

1]
2 X %Zig, iz" sch 20
13 expansion loops X
9 x 5 12" sch 20 els 4
Y x 2 12" sch 20 "P_"
9 x 3 12" 300# gate®

12" sch 20 els

12" och 20 flexkible julnts
12" sch 20

=Y S

A-6




TABLE A-1 PIPING VS. PLANT SIZE (cont.)

Headers 1743th

th

316ss
2 x 2300' 12" sch 30 4 -
2 x 4 expansion loops ¥ 4 -
2 x 2 18"x12" sch 30 reducers (40'-
2 x 2300' 18" sch 10 4 -
2 x 4 expansion loops X% 4 -
2 x 1 18" sch-10 "T". . 40'-
2 x 2300' 20" sch 5s. ' -
2 X 4 expansion loops x{ 4 -
2 x 1 20" scn 5s "T" 40'-
2 x 1 20" x 18" sch 5s reducer
2 x 1 20" x 12" sch 5s reducer
2 x 2300' - 24" sch 5s 4 -
2 x 4 expansion loops ¥4 4 -
2 x 1 - 24" x 20" /sch 5s 40'-

. reducer o
2 x 1 - 24" x 12" sch S5s reducer

12" .

12"
12"

.18"
18"
18"

20"
20"

20"

24"
24"
24!‘

sch

sch
sch

sch

sch
sch

-sch

sch
sch

30-

30
30

sch-10
‘sch’
sgh‘

10
10

5s

5s
S5s

5s els

Ss

5s -

els ' v
flexible joints

‘els’ -

flegibiejjoints

els
flexible joints

-

flexible joints



TABLE A-1 PIPING VS. PLANT SIZE (concluded)

1743MW

Headers C.S.

th

‘C.S. ' ‘

2 x 2300' 12" sch 20 - 12" sch 20 els Co
2 x 2 expansion loops - 12" sch 20 flex joints
2 x 2-18"x12" sch 20rahmer - 12" sch 20 -

2 x 2300' 18" sch 10 4 -~ 18" sch 10 els - -

2 X 2 expansion loops 4 - 18" sch 10 flex joints
2 x118" sch 10 T 40', 18" sch 10

2 x 2300' 20" sch 20 4 - 20" sch 20 els

2 x 2 expansion loaps 4 - 20" sch 20 flex joints
2 x1 20" sch 20 T 40'= 20" sch 20

2 x 1 20"x18" sch 20 reducer T

2 ¥ 1:20"x12" sch 20 reducer

2 x 2300' 24" sch 20 ~ 24" 'sch 20 els

2 x 2 expansion loops X 4 = 24" s¢h 20 flex joints
2 x 124" sch 20 T - 24" sch 20

2 x 1 24" x 20" sch 20 reducer :

2 x

1 24" x 12" sch 20 reducer



TABLE A-2 MODULE PIPING

Summaries of piping, fittings, ana valves are given for

thermal ratings of 150, 300, 450 and 600 MWiy
9 collector modules.

each for 1,
Each thermal rating is divided into vertical,

3, 6 and

horizontal fixed and horizontal variable piping and associated
fittings, expansion.loops and valves. Additional discussion is
contained in Section 3.3.° ‘ '

150 MW, p

Vertical

Carbon Steel

200 ft
200 ft
X
3

1 exp. loop x

12" sch 40
12" sch 20
el 12" sch 40
els 12" sch 20

4 els
40 ft

316 SS - (welded + x-ray)

200 ft
200 ft
1

3

- 12"

sch 30

sch 10s

12" sch 30
12" sch 10s

12"
el.
els

: 4 flexible joints
1l exp loop x{ 4 els

40 £t -

Horizontal - fixed.

‘Carbon Steel

100 ft.

8
2
2
2
1

70 ft
11
2
2

316 sS

170 ft

12" sch 40

els 12" sch 40
"7Pg" 12" sch 40

check valves 12"

gate valves 12"
PCV 12"
12" sch 20

els 12" sch 20
"Ts" 12" sch 20
gate valves 12"
12" sch 10s

els 12" sch 10s
gate valve 12"
‘PCV

12"

A-9

600%
600
600#

300#

4 flexible joints 12"

12"

12"

12 "

12"

3004
5004

sch
sch
sch

sch
sch
scb

20
20
20

10s
10s
10s



TABLE A-2 MODULE PIPING (cont.)

150 MW,

Horizontal - variable

1 module
Carbon Steel
890 £t - 12" sch 20
’ 40 £t 12" sch 20
lexploops@{ 4 els 12" sch 20
4 flexible joints 12" ach 2n
316 s8S
890 ft 12" sch 1l0s
40 £t - 12" sch 1l0s
1l exp loops@<¢ 4 els 12" sch 10s
4 flexible joints 12" sch 10s

3 modules

Carbon Steel

2 x 890 ft 12" sch 20

40 ft 12" sch 20

2 exploops®Rd 4 els 12" sch 20

A flexible joints 12" sch 20

- 1 x 1640 ft 12" sch 20

. 40 ft 12" sch 20
1 exp loop@ 4 els 12" sch 20,

4 [flepible joiuts 12" seh 20
316 ss

2 x 890 ft 12" ech 10s

“ft 12" sch 10s
els 12" sch 10s
flexible joints 12" sch 10s

l o
- -NeNe

2 éxp loops ¢

1 x 1640 ft . 12" sch 10s

40 ft 12" sch 10s

2 exploops@< 4 els 12" sch 10s
4 flexible joints 12" sch 10s

A-10



TABLE A-2 MODULE PIPING (cont.)

150 Mw|h

Horizontal = Variable (continued)

" 6 modules

Carbon Steel

6 x 1510
40
6 exp loops.@ 4
4
316 SS
6 x 151

o> OO

12 exp loops @

9 modules ‘

Carbon Steel

5 x 890
40
5 exp loops @ 4
‘ 4
4 x 1640
40
4 exp loops @ 4
: 4
316 SS
5 x 890
“40
5 exp loops @ 4
’ 4
4 x 1640
o 40
8 exp loops @ 4

4

{

ft 12" sch 20
ft 12" sch 20
els 12" sch 20

flexible joints

ft 12" sch 10s
ft 12" sch 10s
els 12" sch 10s

flexible joints

ft 12" sch 20
£+ 12" sch 20
els 12" sch 20
flexikle joints

ft 12" sch. 20
ft- 12" sch 20
els 12" sch 20
flexible joints

ft 12

sch 10s
ft 12" sch 10s
els 12" sch 10s
flexible joing§
ft 12" sch 10s
ft 12" sch 10s
els 12" sch 10s

flexible joints

A-11

12"

12"

12"

12"

l 2"

12"

sch

sch

sqh

sch

sch

sch

20

10s

20

20

10s

10s



TABLE A-2 ' MODULE PIPING (cont.)

300 MW¢ph g
Vertical
Carbon Steel

330 ft 16" sch 60
330 ft 16" sch 10
l el 16" sch 60
3 els 16" sch 10

' 4 flexible joints 16" sch 10
1 exp loop @ 4 els , 16" sch 10
- 40 ft 16" sch 10

316 ss

330 ft 16" sch 40

330 ft 16" sch 10

"1l el 16" sch 40:
3 els 16" sch 10

4 flexible joints 16" sch 10
1 exp loop @ 4 els 16" sch 10
. 40 ft 16" sch 10

Horizontal - fixed

Carbon Steel

100 £t 1l6" sch 60
8 els 16" sch 60 °
2"Ts" 16" sch 60 -
2 check valves 16" - 600# °
2 gate valves 16" - 600%
1 PCV 16" ~ 600# ..
70 £t 1lé" sch 10
11 els 18" sch 10
2 "Ts" 16" sch 10
2 gate valves 16" -~ 300#%

31$ ss '’

170 ft 16" sch 10
6 els 16" sch 10

"1 gate valve . 16" - 300%
1 pCV 16" - 600#

A-12



TABLE A-2  MODULE -PIPING (cont.)

300 MW,

Horizontal - variable

1 module

Carbon Steel

1400

_ . 40
1l exp loop. @ 4
. ‘ 4

316 SS
A 1400
: 40
2 exp loops @ 4
. A 4
3 moduies '

Carbon Steel”

2 x 1400

40
2 exp loops @ 4

40
2 exp loops @ < 4

4

316 sS
2 x 1400
40
4 exp loops @ 4
: 4
1 x 2625
40
4 exp loops @ 4
4

4.
1l x 2625

ft 16" sch 10
ft 16" sch 10
els 16" sch 10

flexible joints

ft 16" sch 10
ft 16" sch 10
els 16" sch 10

flexible joints

ft 16" sch 10
£t 16" sch 10
els 16" sch 10
flexible joints

ft 16" sch 10
ft 16" sch.10
els 16" sch 10

flexible joints

£t 16" sch 10
£t 16" sch 10

els 16" sch 10
flexible joints-
ft - 16" sch 10
ft 16" sch 10

els 16" sch 10
flexible joints

A-13

16" .

16 "

16 1]

16"

16"

16 n

sch,

sch

sch

sch

sch

sch

10

10

1C

10

10

10



TABLE A-2

MODULE PIPING (Cont.)

Horizontal - variable (continued)

6

modules

Carbon Steel

6 x 2560
. - ) 40
12 exp loops @ 4
| 4
316 ss
6 x 256 0
0:
24 exp loops e 4
4
modules
Carbon Steel
5 x 1400
40
5 exp léops @ 4
4
4 x 2625
40
8 exp loops @ . 4
. . 4
316 SS
5 x 1400
\ ( 40
10 exp loops @ < 4
4
4 x 2625

16 exp loops @

ft 16" sch 10’
ft. 16" sch 10
‘els 16" sch 10

flexible joints

ft .

l1¢" sch 10
£t 16" sch 10
‘els 16" sch 10

flexible joints

sch 10

ft 1leé"

ft 16" sch 10
els 16" sch 10
flexible joints
ft 1" sch 10
£t 16" sch 10
els 16" sch 10

flexible joints

ft 16" sch 10
ft 16" sch 10
els 16" sch 10
flexible joints
ft 16" sch 10
ft. 16" sch 10
1 els 16" sch 10

flexible joints

16"

16"

16"

16"

16"

16",

sch

~sch

sch

séh

sch

sch

10

10

10

10

10

10




TABLE A-2 MODULE PIPING (cont.)

450 ‘thh
Vertical
Carbon Steel
| 410
410

1
3

' 40
1 exp loop x 4
s 1

ft 18"
ft - 18"
el 18"
els 18"
£t~
els

flexible joints

316 SS (welded + x-ray)

410

410

X
3

40
2 exp loops x 4
' 4

Horizontal - fixed

Carbon Steel_

100

- .
NHO NN ®

ft 18"

ft 18"
el 18"
els 18"
ft
41s

flexible joints

sch
sch
sch
sch

sch
sch
sch

60
20
60
20

40
20

40

sch 20

ft 18" sch 60

‘els 18"

"Ts" 18"

check valves

sch
sch

gate valves

PCV
ft 18"
els 18"

‘.".T s." l 8 "

sch
sch
sch

2 gate valves

316 ss

170 .ft ‘18" sch

6

‘els 18"

sch

1 gate valve

1

PCV

A-15

60
60

20
20
20

20

20

18"

|l ol
oD

18"
18"

18"

. 18"

18"
18"

sch 20

18" sch 20
18" sch 40

- 600#
- 600¢%
- 600¢

- 300%#

- 300% WNRTJ
- 900% WNRTJ



TABLE A-2 MODULE PIPING (cont.)
450 MW,y

Horizontal éivariable

1 moduie
. i
Carbon Steel

1675
40

1l exp ldop e 4

4
316 ss

R 1675

4 40

3 exp loops @ 4

‘ 4
3 modules:

Carbon Steel

2 x 1675

- (C 40

2 exp loops @ 4
' 4

1l x 3150

40

2 exp loops @ 3

316 SS

"2 x 1675

N : 40

6 exp loops @ ’~13
' 1 x 3150
{ 40

5 exp lOODS'e 4

4

£t 18" sch 20 -

ft 18" sch 20

els 18" sch 20 .
flexible joints:.

ft 18" sch 20 .
ft 18" scH 20 .
els 18" sch 20 :
flexible joints.

£t 18" sch 20
ft 18" sch 20
els 18" sch 20
flexible joints
ft 18" sch 20
ft 18" sch 20
els 18" sch 20
flexible joints

ft 18" sch 20
ft 18" sch 20
els 18" sch 20
flexible joints
ft 18" sch 20
ft 18" sch 20
els 18" séh 20
flexible joints

A-16

18"

18"

18+

18"

18"

18"

sch

sch

sch

sch

sch

sch

20

20

20

20

20

20




TABLE A-2 MODULE PIPING (cont.)

450 thh

Horizontal - variable (continued) .

6 modules

Carbon Steel

A-17

.6 x 3120 ft- 18" 'sch 20
A . 40 £t ‘18" sch 20
12 exp loops @. 4 els 18":sch 20. ‘
- - 4 flexible joints 18" sch
316 ss
: 4. 6°x 3120 £t . 18" sch 20
o« «: (40 £t 18" sch 20
30 exp loops-@ ¢ 4 els 18" sch 20 . .
P L 4 flexible joints '18" sch
" modules
Carbon Steel
_ 5 x-1675 ft 18" sch 20
o 40 ft 18" sch 20
5 exp loops @ ¢ .4 els 18" .sch 20
_— L . 4 flexible 3joints 18" sch
o : 4.x 3150 ft:- 18" sch' 20
, ., - ( 40 £t 18" sch 20
8 exp loops @ { 4 els 18" sch-20 =
: . . 4 flexible. joints 18" sch
+316 ss
5 x 1675 ft 18" sch 20
- (¢ 40 £t .-18B" sch 20
15 exp loops @ 4 els 18" sch 20,
4 flexible joints. 18" sch
4, x 3150 £t ,18" sch 20
- C 40 £t -.18" 'sch 20
20 exp loops @ .44 els 18" sch' 20
:4 flexible .joints . .18" sch

20 .

20

20

20

20

20



TABLE A-2 MODULE PIPING (cont.)

th

Vertical

600 MW =

Carbon Steel

525 ft 20" sch 80
525 ft 20" sch 20

1l el 20" sch 80

3 els 20" sch 20

40 ft 20 sch 20
1 exp loop x 4 els 20" sch 20 ) .
| 4 flexible joints 20" sch 20

316 ss (welded + x-ray)

525 ft 20" sch 60

525 ft 20" sch 20
] el 20" sch 60
3 els 20" sch 20 E :

20" sch 60

40 ft le
2 exp loops x 4 els . l @ 20" sch 20
4 flexible joint
Horizontal - fixed
Carbon Steel
100 £t 20" sch 80 )
8 els 20" sch 80
2 "Ts" 20" sch 80
2 check valves 20" -~ 900%
2 gate valves 20" - 900%
1 pcv 20" - 900¢
70 £t 20" sch 20 Sy
1l els 20" ech 20
2 "Ts" 20" sch 20
2 gates - 20" - 300#
316 S§ (welded + x7réyi
170 ft 20" sch 20
6 els 20" sch 20
-1 gate valve 20" - 300% WNRTJ

-1 PCV . 20" - 900% WNRTJ



TABLE A-2 MODULE PIPING (cont.)

600 MW .

.Horizontal - variable

1 module

Carbon Steel

2 exp ioops G {j

316 SS

oo Wwm

2215

~ ’ 40
3 exp loops @~ 4

3 modules

Carbon Steel

4 exp i00pSs

6 modules

Carbon Steel

316 sS

36 exp loops @

1 x 4265

3 exp loops @ ~{:

2 x 2215
40

4
4

40

4
4

6 x 4265

18 exp loops @{

40

4
4

6 x 4265
40

4
4

ft 20" sch 20
ft 20" sch 20
els 20" sch 20
flexible joints

ft 20" sch 20
ft 20" sch 20
els 20" sch 20
flexible joints

ft 20" sch 20

ft 20" sch 20
els 20" sch 20
flexible joints
ft 20" sch 20
ft 20" sch 20
els 20" sch 20

flexible joints

ft 20" sch 20

ft 20" sch 20

els 20" sch 20
flexible joints

ft 20" sch 20
ft 20" sch 20
els 20" sch 20

flexible joints
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20"

20"

20"

20"

20'||

20"

sch

sch

sch

Sch

sch

sch

20

20

20

20

20

20



TABLE A-2 MODULE PIPING (cont.)

'600 MW

Horizontal - variable (continued)

9 modules
Carbon Steel

ft 20" sch 20

o

ft 20" sch 20
els 20" sch ‘20

12 exp loops ’
flexible joints 20" sch 20

5 x 2215
: 40 ft 20" sch 20
10 exp loops @ 4 els 20" sch 20
4 flexible joints 20" sch 20
4 x 4265 £t 20" seh 20 ‘
0
4
4

D

316 ssS

5 x 2215 ft 20" sch 20
40 £t 20" sch 20
4 els 20" sch 20
4 flexible joints 20" sch 20
ft 20" sch 20
40 ft 20" sch 20
4 els 20" sch 20 :
4 flexible julnts 20" sch 20

15 exp loops @

24 exp loops @

L

=
SN

wn

A-20



APPENDIX B

Table‘B-l Sample Héa; Exchanger Calcﬁlations

Samﬁle heat exchanger éaléulations are given for a selected set of turbine
throttle/reheat steam conditions in terﬁs of a heat balance across the heat
exchanger set. Relevant water/steam enthalpies, mass flow rates and heat
rates are given as well as an estimate of the critical aépfoéch condition.

Additional discussion is'contained in'Section 3.3.

Given:
Throttle Steam: 359,700 kg/hr; 16.6 MPa(g); 510°C
(793,000 1bs/hr; 2400 psig; 950°F)
Hot Reheat Steam: 323,400 kg/hr; 510°C
(713,000 1bs/hr; 950°C)
Boi}e; Feed Water Conditions: 238°C; 17.9 MPa(g)
(460°F;.2600 psig)

Cold Reheat Steam
(Conditions out of HP Turbine): 3.7 MPa(g); 299°C

(540 psig; 570°F)

Assumptions:

Reheater Steam Side AP: 103 kPa(g) (15 psi) (across reheater)

Blowdown = 2% of throttle steam
Water/Steam Enthalpies:

Boiler Feed Wgter In: 1026.7 kj/kg (441.4 Btu/1lb)

Boiler Feed Water Out: 1676.9 kj/kg (720.9 Btu/lb)

Steam Out of Boiler: 2556.6 kj/kg (1099.1 Btu/lb)

Steam Out of Superheater: 3320.3 kj/kg (1427.4 Btu/1lb)

Steam Into Reheater: 2964.4 #j/kg (1274.4 Btu/1b)

Steam Out of Reheater: 3469.4 kj/kg (1491.5 Btu/lb)
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" Therefore, for the boiler féed water préheafer:

AH - 1676.9 kj/kg - 1026.7 kj/kg' 650.2 kj/kg

(720.9 Btu/lb - 441.4 Btu/lb - 279.5 Btu/lb)
W = 359,700 kg/hr + 0.2 (blowdown) (W = 793,000 1bs/hr + [0.2 (blowdown)
X 359,700 kg/hr = 366,893 kg/hr X 793,000 1bs/hr] = 808,860 lbs/hr)
Q = 650.1 kj/kg X 366,893 kg/hr =  (Q = 279.5 Btu/lb X 808,860 lbs/hr =
2.386 x 10 ki/hr = 66.26 Mith . 2.261 X 10° Bru/hr)

Similar calculatibns are carried 6ut forxthé boiler, superheatep and re-
heater. Since there is a cbnsfrainﬁ of a 5.6°C (10°F) approach on the boiler
feed water preheater,.the salt flow rate ié calculated as follows:

Salt Temp. into BFW'preheater =

Watcr tcmperaturc out of BFW prehecater + 5.6° (10°F) = 356.3°C (673.4°F)

Q
Q

W C_ AT
P

Q boiler + Q superheater + Q reheater = 299.7 thﬁ (7.150x108 Btu/hr)
Cp = 1.553 ki/kg - °C (0.371 Btu/1lb - °F)

AT = 562.8°C - 356.3°C = 206.5°C (1l045°F - 673.4°F = 371.6°F)

W= 2.353 x 106 kg/hr (5.187 x 106 lbs/hr)
Salt temp. out of BFW preheater =

356.3°C (673.4°F) -~ AT

BFW
8ppw = Qru’/WCp =
8, .
2-386 X lOGkJ/hr = 65.3°C
2.353 x 10° kg/hr x 1.553 kj/kg - C
B . o
(z.zel P _I.Uﬁ Btu/hr : - 117.5°F
5.187 x 10 Llbs/hr x 0.371 Btu/1b°F ‘

Salt temp. out of BFW preheater =

356.3°C - 65.3°C = 291°C (673.4°F - 117.5°F = 555.9°F)
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APPENDIX C: SALT CHEMISTRY AND SALT/MATERIALS COMPATIBILITY
EVALUATION :

Appendix -C is divided into two sections, Section C.1 will in-
clude the salt chemical and physical properties, the salt chemical
.sreaction data, salt processing and cost considerations, and discuss
the safety aspects and storage and handling of the salt. Section
C.2 will cover the materials compatibility review done by Martin

Marietta.

C.1 Salt Chemistry

Draw salt is a mixture of 607 sodium nitrate and 40% potassium
nitrate by weight. The salt was chosen for use in this system
because it is thermally stable over the system operating tempera-
ture range, is compatible with the materials selected (see Section
C.2), is inexpensive, and the raw materials are plentiful.

This section will discuss the properties of the salt, the
chemical reactions the salt is expected to undergo during system’
operation, processing and cost considerations, and the safety and
handling aspects of the salt.’

C.1.1 Physical Properties

The molten salt chosen for consideration in this system is a
eutectic mixture of 607 sodium nitrate and 407% potassium nitrate,
or "draw" salt. The properties listed below are those necessary -
for a detailed design of a salt storage system. The data is based
on published literature as referenced. :

a) Density - The density for various miktures of potassium nitrate
(KNO3) and sodium nitrate (NaNO3) are given in Table C-1.
Draw salt is 64 molc % NaNOj. o .

b) Viscosity - Table .C-2 shows the viscosity for various composi-
tions of salt.

c) Temperature-Composition Phase Diagram - Figure C-1 shows a.
phase diagram for the KNO3-NaNOj mixture, in mole percentage
of NaNO3. Note that a 50-50 mole % mixture'gives the minimum
melting point of 494K (430°F), which is considerably 1ower
than the lowest operating temperature for this system.

d) Heat Transfer Coefficient - The heat transfer coefficient

ranges from 3860 to 14000 Kcal/hr.mZ.°C (800-2900 Btu/hr.ftZ.°F)
from data in Ref. C-9.




oy Dk R ==

TK)| 100 | 90 8- | 70 | 60 |. 50 40 30 20 10 0 16
625 | 1.878 | 1.876 | 1.874 | 1.872 | 1.870 | 1.867 | 1.865 | 1.863 | L.B61 | 1.859 | 1.854 | 1846
630 | 1.875 | 1.873 | 1.871 | 1.869 | 1.866 | 1.86% | 1.862 | 1.860 | 1.857 | 1.855 | 1.833 | 1.863
635 | 1.872 | 1.870 | 1.868 | 1.865 | 1.863 | 1.861 | 1.859 | 1.856 | 1.85% | 1.852 | 1.850 | 1.860
640 | 1.869 | 1.867 | 1.865 | 1.862 | 1.860 | 1.858 | 1.855 | 1.853 | 1.851 | 1.849 [ 1.8%6 | 1.657
645 | 1.866 | 1.86% | 1.862 | 17859 | 1.857 | 1.855 | 1.852 | 1850 [ 1.B48 | 1845 | 1.843 | 1853
650 [ 1.863 | 1.86) [ 1.858 | 1.836 | 1.854 | 1.851 | 1.819 | 1.847 | 1.84 | 1.812 | 1.839 | 1.850
655 | 1.860 | 1.858 | 1.855 | 1.853 | 1.850 | 1.818 | 1.846 [ 1.843 | 1.841 | 1.838 | 1.836 | 1837
660 | 1.857 | 1.854 | 1.852 | 1.850 | 1.837° |').815 | 1.842 | 1.830 [ 1.837 | 1.835 | 1.832 | 1838
665 [ 1.854 | 1.851 | 1.849 | 1.846 | 1.844 | 1.841 | 1.839 | 1.836 |.1.834 | 1.831 | 1.829 | 1.840
670 | 1.851 | 1.848 | 1.845 | 1.813 | 1810 | 1.838 | 1.835 | 1.8a3 | 1830 | 1.828 | 1.825 | 1R37
675 | 1.847 | 1.845 | 1.882 | 1.840 | 1837 | 1.835 | 1.832 | 1.629 | 1.827 | 1.823 | 1822 | 1838

680 | 1843 | 1.842 | 1.839 | 1.836 | 1.834 [ 1831 | 1.829 | 1.826 [ 1.823 | 1821 | 1818 | 1.830
685 | 1.841 | 1838 | 1.836 | 1.833 | 1.830 | 1628 | 1.825 | 1.822 | 1.820 | 1.817 | 1.818 | 1827
690 | 1.838 | 1.835 | 1.832 | 1.830 | 1.837 | 1.823 | 1.822 | 1.819 | 1.816 | 1.B14 | LRIl | 1823
695 | 1.834 | 1832 | 1.820 | 1.826 | 1.823 [ 1.821 | 1.818 [ 1.815 | 1.813 | 1.810 | 1.807 | 1.820
700 | 1.831 | 1828 | 1.825 | 1.823 | 1.820 | 1.817 | 1.814 | 1.812 | 1.805 ‘| 1.806 | 1.803 | 1816
705 | 1828 | 1.825 | 1.822 | 1.819 | 1.816 | 1.814 | 1.811 | 1.808 | 1.805 | 1.803 | 1.800 | 1.813
710 | 1824 | 2821 | 1.819 | 1816 | 1.813 [ 1.810 | 1.607 | 1.604 | 1.802 | 1.799 | 1.796 | 183
7s | 1821 | 1.818 | 1815 | 1.812 | 1.809 [ 1.807 |'1.80¢ [ 1.801 | 1.798 | 1995 | 1.792 | 1.805
720 | 1817 | 1.815 | 1.812 | 1.809 | 1.806 | 1.803 | 1.800 | 1.797 | 1793 | 1791 | 1.788 | 1802

Table C-1 Density Data
Mole Percent NaNOj;
Numerical Values in gmecm™3 (Ref 8)

TK) 100 5 50, | .25 0

520 ° 4.725

530 4.381

560 |’ T 4008

550 | . 3772 | ‘ ;
s60 -1 ). 3506 | .
510 | 3.038 - [3:262 3.372
580 2879 | 3.040 | 3165

590 2728 | 2839 | 298

800 2.708 | 2.585 | 2.057 | 2.600
2 6107 |-.2.574 | 2450 [.2.494 | 2653 | =
620 |, 2445 | 2323 | 2348 | 2511 | 2763
630 | 2323 | 2205 | 2.217 | 2.380 | 2.608
640 2.208 | 2.094 | 2.100 | 2.260 | 2.465
650 2.101 | 1.992 | 1.997 | 2.150 | 2.333
0 2000 | 1899 | 1006 | 208 | 2214
670 1.907 | 1.812 [-1.826 | 1953 | 2102
680 1.822 | 1.735 |.1.955 | 1.867 | 2.001
690. 1743 | 1.665 | 1692 | 1785 | 1.906
00 | 1675 | 1.60% | 1636 | 1.710 . 1.819
710 | 1614 | 1.55) [-1.585 | 4610 ] 1.738
720 | 1562 [ 1.506 | 1.590 | 1.573 | 1.662

Table C-2 ‘Viscosity Data
Mole Percent NaNO4
Numerical Values in Centipoises (Ref 8)
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. Mole %. NoNOg
Figure C-1 Temperature - Composition Phase Diagram

for KNO3-NaNO3 (Ref 8)



e) Surface Tension - The surface tension for varying compositions
of KNO3-NaNO3 mixtures is given in Table C-3.

f) Specific Heat - The specific heat of the melt is 0.37 cal/gm. °C
(Btu/1b+°F), and is 0.32 cal/gm-°C (Btu/1b-°F) for the solid
mixture (Ref. 9). ’ "

g) Heat of Fusion -~ The heat of fusion is 19.5 cal/gm (35 Btu/1b)
as stated in Ref. 9. )

h) Thermal Conductivity - Ref. 9 gives the thermal conductivity as
0.491 Kcal/hr'm2-°C/m (0.33 Btu/hr-ft2<°F/ft).

1) Electrical Resistivity - 0.77 ohm+cm is the valué glven for the
electrical resistivity in Ref. 9.

i) Coefficient.of'Expanéion - The coefficient of linear expansion
1s 5.13x10-5/°C (2.85x1075/°F), and 3.64x107%/°C (2.02x107"/°F)
1s the coefficient of cubic expansion (Ref. 9).

C.1.2 Nitrate-Nitrite Equilibrium Reactions

The nitrate-nitrite equilibrium reactions are those reactions
which shift the relative amounts of the nitrate and nitrite salts,
but have no effects on the overall performance of the draw salt.

The reactions listed below are the major reactions of this

phenomenon:
XNO3 (2)—=> XNO2(2) + 1/2 0 (g) ° (1)

XNO2 (L) + 1/2 0, (g)—XNO3 (L) (2)
(where: X = Na, K, or a mixture)

When the nitrate (sodium or potassium) is heated above its
melting point, the salt liberates some oxygen to yield the corres-
ponding nitrite. As shown in Eq. 2, the reaction is reversible.

A quantitative equilibrium expression for the forward (Eq. L)
and reverse (Eq. 2) reactione is written as follows:
K = [XNOp]P, '

[XNO3] 3)

a4l constant temperature. The equilibrium constant, K, is defined
to be the ratio of the concentration of products to reactants.
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TK) | 100 90 80| 70 60 50 40 30 20 10

500 i22.2 122.1
" 510 121.8 | 121.4 | 121.2 1213
520 121.0 | 120.7 | 120.4 120.6
530 120.3 | 120.0 | 119.7 | 119.4 119.8
540 120.1 | 119.6 | 119.2 | 1189 | 118.7 119.1
550 1194 | 1189 | N85 | 8.2 | 1179 | N7.7 118.4
560 1192 {2187 | 1182 | 117.8 | 11714 | .117.1-] 1169 | - 117.6
570 1185 | 118.0 | 117.5 | 112.0 | 116.6 | .116.3 | 116.1 | 1159 116.9
580 1179 | 117.3 | 116.7 | 116.3 | 1159 | 1155 | 115.3 | 115.1 116.3
590 179 | 117.2 | 116.6 |.116.0 | 115.5 | 115.1 | 1148 | 1145 | 1143 | 1141 | 1153
600 1n72 | 165 | 159 | 1153 | 1148 | 1143 | 1140 | 1137 | 113.4 | 113.3°| 1146
610 1166 | 1158 | 1152 | N14.5 | 1140 | 113.6 | 113.2 | 1129 | 1126 | 1124 | 13.8
620 | 126.8 | 1159 | 151 | 1144 | 113.8 | 113.3 | 1128 | 1124 | 112.0 [ 111.8 | 111.6 | 113.]
630 | 1262 | 1153 | 1145 | 113.7 | 1130 | 1125 | N20 | 116 | N2 | 1109 | 107 | 1123
640 | 1155 | 1146 | 113.8 | 113.0 | 1123 | 1117 | 111.2 | 110.8 | 110.4 | 1101 | 109.9 | 1115
650 | 1149 { 114.0 | 113.1 { 112.3 [ 111.6 | 111.0 | 110.4 { 110.0 | 109.6 | 109.2 { 1090 | 110.8
660 | 1143 | 113.3 | 1124 |.111.6 | 1109 | 110.2 | 1096 | 109.1 | 108.7 | 108.4 | 108.1 | 110.0
670 | 113.6 | 112.6 | 111.7 | 1109 | 110.1 | 109.5 | 108.9 | 108.3 | 107.9 | 102.5 | 107.3 | 109.2,

Table C-3 Su.rface Tension Data - Mole Percent NaNOs
Numerical Values dynecm™}
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The concentration of oxygen in the gas phase 1s expressed as the
partial pressure (P02) of oxygen. '

The partial pressure of oxygen is an important factor in deter-
mining the point when concentrations of nitrate and nitrite have
reached a final equilibrium. If nitrogen is used as the ullage
gas, the nitrites will be formed in solution. All the nitrate will
be converted to nitrite 1f the ullage is swept with nitrogen (Ref.C-1,
C-5, C-6). Dry air is recommended as the ullage gas to minimize the
shift of nitrates to nitrite.

C.1.3 Draw Salt Degradation Reactions

The degradation rcactions discussed in this report are those
which, unlike the nitrate-nitrite equilibrium reaction, are non-
reversible reactions in a typical engineering system, and may alter
the thermal properties of the salt. It should be noted that these
are chemically reversible.

Three types of degradation reactions take place in the salt,
oxide formation, hydroxide formation, and carbonate formation.

The reactions are listed below:

2 XNOZ(Q);-)XZO (s) + NO,(g) + NO (g) (4)

X,0 (s) + 2NO, (g) —= XNO, (&) + XNO3(2) (5
X;0(c) + Hy0 (£/g) —~=>2XOH (s) (6)
X,0(s) + CO,(g) —> X,CO5(s) o
2XOH(s) + CO,(g)—> XpC03(s) + Hy0 () (8)

Eq. 4 shows the formation of the oxide, and Eq. 5, 6, 7 show
its consumption. The amount of oxide formed is dependent on the
concentration of the nitrite, which can be ''controlled" by the
oxygen partlal pressure as shown in the previous section.

As seen-in Eq. 5, the oxide formation can be chemically
"reversed" by reacting it with nitrogen dioxide to give a nitrate
and nitrite. This reaction seems to be the' best method for salt
recovery (Ref. C-1, C-5; C-6, C-10) (see Section C.1l.4).

The oxide concentration can also be decreased upon reaction
with water (Eq. 7) or CO2 (Eq. 8), forming the salt hydroxide or
carbonate. The hydroxide and carbonate are both solids which
precipitate out of the molten salt.




The carbonate can also be formed by the reaction of the. hydroxide
with C02 as seen in Eq. 8 (Ref. C-1, C-5, C-6, C-10).

The precipitates formed ‘from the degradation reactions may inter-
fere with heat transfer in heat exchangers, mechanically foul pumps
and 1ines; and ultimately remove a portion of the salt from service.

C.1.4 Salt Processing and Cost Considerations
C.1.4.1 1Initial Processing

The quantity of salt required for heat transfer and’ storage in
the plant is large, about .43 MKg. It would certainly be uneconomi-
cal, if not impossible to obtain this large an amount of salt from
heat transfer salt manufacturers. The.cost of prepared and packaged
heat transfer salt is between $0.45 and $0.65 per kilogram ($0.20 and
$0.30 per pound). Therefore, it would be advantageous to buy the
raw materials in bulk quantities and mix and melt the salt at the
plant site. The two raw materials are potassium nitrate the sodium
nitrate.

Tables C-4 and C-5-show the analyses and specifications for the
two salts. - The analyses indicate that there are no impurities in
sufficient quantities to cause problems in heat transfer, phase
separation, or promote corrosion. Most of the impurities that appear
in the raw materials are those that would be found if chemically pure
materials were used due to the chemical equilibria of salt with air.

Table C-4 Specification for Potassium Nitrate

Component we. %
KNO3 L 96.4-97.8
NaNOj 1.8-3.2
NaCO3 . 0.15 max.
NaOH ) 0.10 max.
Chlorides as Cg& ' 0.03 max.
Sulfur as §03 0.06 max.
Iron as Fej03 0.015 max.
Calcium as Ca 0.03 max
Magnesium as Mg 0.03 max.
Silica as S10, 0.02 max
Alumina as A%,03 0.03 max
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Table C-5 Specification for Sodium Nitrate

Sodium Nitrate, bulk: $154/net Ton (f.o.b. Lake
' Charles, La)

Source: Olin

CSﬁgoneht - Typical Wt. % Maximum Wt. z

NaNOj 99.4-99.5

NaNO, 0.012 0.02

NaCq’ 0.15 " 0.25

Na, S0, 0.30 0.35

S10, 0.0030 - 0.004

Cal i 0.003 ' 0.03

Mg0o - - 0.0010 0.002

AaQ4 ~ 7 0.0004 0.001

Mn ©©.0.00003 - 0.0001

'The equipment required for unloading, mixing and melting the
salt is shown in Figure C-2. The cost of the -equipment would be
" approximately $750,000. The fuel cost for melting the salt would
be about $0.00132 per kilogram of salt ($0.0006/1b).

C.1.4.2 Salt Conditioning

The cmall amount of degradatiuvn In the salc over a period may
be corrected in several ways. A small quantity of the salt may be
removed periodically from the bottom of the storage tanks, and
either regenerated or discarded and replaced. Regeneration may be
petformed by using the same equipment that is used for melting, and
bubbling nitrogen dioxide through the molten salt. If the salt were
replaced at a rate of 2.5 percent per year, the cost would be $1.315
per kilogram per year ($0.0029/1b/yr), or $39.009 per kilogram
($0.086/1b) over the 30 year life of the plant.

C.1.4.3 Salt Cost

Prices of the raw materials quoted by the manufacturers during
July 1979 are: '

Potassium Nitrate: $200/T fob, Vicksburg,-Mlgsissippi
' $220/metric ton

Sodium Nitrate: $154/T fob, Lake Chérles, Louisiana
$169/metric ton
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Figure C-2 Salt Melting Flow Diagrom
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Because the salt will be 60 percent sodium nitrate and 40 percent
potassium nitrate by weight, the cost of the salt is $189.40 per
metric ton excluding transportation.” Transportation costs are
estimated at $54.20 per metric ton, FOB origination, making the
total cost $243.60 per metric ton ($0.111/1b).

C.1.5 - Safety & Handling

The major safety hazards associated with the molten draw salt
are those which apply to the use of any liquid at elevated tempera-
ture. The system design .and operating manuals should include
proper protection for operating personnel from burns in case of
equipment failure.

The draw salt in a solid state gives off no toxic wvapors, but,
as shown in previous sections, due to the decomposition reactions,
toxic vapors of the nitrogen oxides are liberated by the molten
salt. Adequate .ventilation must be provided to protect personnel
from these fumes. ‘

Although the salt is nonflammable, it will support combustion
of other materials. Combustible solids, such as wood, coke, paper,
plastics, cyanides, chlorides, ammonium salts, and active metals,
such as aluminum and magnesium should be stored or used in areas
away from the salt.

Combustible vapors generally react slowly with the salt, and
generally escape before combustion is complete. Flammable liquids
tend to vaporize rapidly in the molten salt aud burn at the sutfage
in the same manner as they would on any hot surface.

Care.should be taken to protect personnel from the hot salt,
which spatters due to the sub-surface vaporization of the flammable
liquids or vapors.

Water from epray sprinklers or low-velocity fog nozzles will
not penetrate the surface of the salt sufficiently to cause :
spattering, and is the recommended method of fire protection for
processes involving combustible materials. Carbon dioxide or
approved dry powder type fire extinguishers can be used to combat
fires in the vicinity of the salt system, and an adequate supply
of dry sand should be maintained for slagging and diking to confine
the spread of escaped molten salt.

Operating personnel should wear flame-proof garb or uniforms
while working around the molten salt. Gloves should be worn, and
a cream which is an effective barrier, should be used on the skin,
to minimize contact of the salt with the skin.
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‘Care should be taken to avoid ingestion of the éalt.' Although-
‘small quantities of sodium nitrite is currently being used as a food
additive, large doses may cause. headaches, collapse, and even death.

Draw salt is somewhat hydroscopic, and should be stored in a
dry area to prevent caking. Readily combustible materials should
not be stored in the vicinity of the salt. For more information
on the safety; storage and handling of draw salt, consult Ref. C-3.
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C.2 Salt/Matérials Compatibility Evaluation

Molten draw salt systems designed with a 30-year lifetime
present many material issues. A literature search was undertaken to
locate data on the corrosion resistance of materials in a salt
environment at elevated temperatures. Several references were
found (Ref C-1 thru C-6) but reliable data of engineering systems
at elevated operating temperatures were not available. The litera-
ture data are summarized in Table C-6 and Table C-7. Therefore,
because nf rhe lack of data, candidate matcrials have been
selected to uhdergo corrosion tests at Martin Marietta.

The corrosion tests have been dgéigned to determine three
types of corrosion properties: (1) general corrosion, (2) stress
corrosion of the parent materials, and (3) general corrosion of
the weld metals. This appendix addresses the corrosion data
resulting trom previous Martin Marietta-tests. For more 1informa-
tion on these tests, see Reference C-5.

Candidate materials were chosen on the basis of high tempera-
Lture stability-strength properties, general corrosion resistance,
fabricability, availability, and cost. The materials selected are
listed in Table C-8. The compositions of the candidate materials
are given in Table C-9.

The results of the corrooion wcre cvaluated by weight galu
and/or loss of samples. The weight gain/loss data for all materials
tested are shown in Figures C-3, C-4, and C-5. Some of the general
corrosion effects visually noted were (1) the carbon sgteel, A516,
slivwed areas of bare metal due to tlaking of the corrosion layer at
755K (900°F), as did the staiuless steel 321 at 866K (1l00°F),

(2) the corrosion layer on the Incoloy 800 sample was a black,
smooth, uniform film, and (3) all the samples gained- welght w1th
increasing time unless flaklng occurred.

Corrosion data on the individial malerials tested are dis-
cussed in the following sections.

a. Carbon Steel A516 - At an initial test temperature of 755K

" (900°F), the carbon steel showed a weight gain, but after

10 days flaking occurred, causing a noticeable weight loaa
(Figure C-3). The weight loss at 755K (900°F) makes this
material unacceptable for use in the high-temperature portion
-of the system. At temperatures of 589K (600°F) and 672K
(750°F), the 'A516 corrosion layer was stable, with no flaking
noted. .These data indicate that the carbon steel should be

a sultable material for the low—temperature portion of the
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Table’ c-7 Qual,i?a.tiyeﬁs_ses_,sm_eﬂnts* of C'orrosiqn by Heat Transf er Salt (Hitec )

h18-427 LIMITED AIR CIRCULATINGA

3
CARBON STEEL . (785-800)

347 SS

SEAMLESS'

STAINLESS

TUBING.

- REFERENCE

2,5 h68 (875)  STEAM - CIRCULATING
1.3 566 (1050) AIR - HEAT TREAT
- - BATH
.2 538 (1000) -STEAM - - CIRCULATING
- 0.8 499-549 - CIRCULATING

(930-1020)

TIME. TEMP. BLANKET :
~ ALLOY YR °C(F)  GAS . SYSTEM . . COMMENTS. _
ASTM-A-285 3 427 (800) . AIR " * CIRCULATING” Mo NOTICEABLE CORROSION
GRADE- C.

NO NOTICEABLE CORROSION -

NO' NOTICERBLE CORROSION

NEGLIGIBLE CORROSION

NO. NOTICEABLE..CORROSION

NO VISIBLE ATTACK

: - BoHLMANN, E.G., "Heat TRANSFER SALT FOR HIGH TEMPERATURE. STEAM -
GENERATION," ORNL-TM-3777, Oak RiDGE NATIONAL .LABORATORY



Table C-§ Corrosion Test Materials

Material

Carbon Steel

3/4 Cr - 1/2 Mo

316 CRES
321 CRES
347 CRES
A286

Incolov 800

Specificétion

ASTM A516 Grade 70

" ASTM A387 Grace C

QQ-S-766
QQ-S-766
QQ-S-766
AMs 3323

ASTM B40D9

Cc-14

Condition

Normalized
Normalized & Tempered
Annealed -
Annealed
Annealed

Solution Heat
.. Tempered

Anncaled v




¢1-0

ANALYS1S PERCENT

~ MATERIAL C. MmN Si CR_ NI Mo T1 P S OtHer = Fe
CARBON STEEL ' -
A516 0.31 .25 0.33 -—-  -—- -- - 0.035 0.04 - - Remainder

CHrROME-MoLY - . :
A387 0.15 0.60 0.55 4,00 - 0.70 --" -0.040 .0.030 ~-—— .'Ranainde.r'

max max max 6.00 max max max
!
STAINLESS
316SS 0.08 2.00 1.00 1l16.0 10.0 2.00 -- - 0.045 0.03" -— - Remainder
> max max max 18.0 14.0 .3.00 max max N _
32155 . 0.08 2.00 1.00 17.0 9.00. -- 5xC 0.045 0.03 —_— Remainder .
v max max ‘max 19,0 12.00 min max max - .
3147SS 0.08 2.00 1.00 17.0 9,00 - -~ 0.045 0.03 10xC min Remainder
. max max max 19.0 13.00. max max Cb:+.Ta . Remainder
A286 0.05 0.2 0.70 15.00 25.0 1.25 2.15 —— - V,0.30;:; Remainder
g ' max . AL,0.28
“Ni1ckeL- ALLoY G 5
‘INCOLOY 800 0.05.0.75 0.50 21.0 32.5 -- 0.38 - 0.008 . AL,0.38; Remainder
Cu,0.38 :

Table C-9 Primary Steel Candidates
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salt system. For more information on the corrosion test
results for A516, consult Reference C-5.

Chrome~-Moly Steel, A387 - The chrome-moly steel,ﬁas'tested

to investigate the corrosion effects of the addition of
chromium to a low-alloy steel, The A387 did not lose weight
as rapidly as the carbon steel, but flaking eventually
occurred at 755K (900°F), making it unsuitable for applica-
tions in the high-temperature portion of the system (Figure
C-3). Since the carbon steel has a lower cost and greater
weldability, the slightly increased corrosion resistance of
chrome-moly steel was not necessary on the low-temperature
side of the salt system, but it does have applicability in

an intermediate-temperaturé range [589 to 755K (600 to 900°F))
where the carbon steel is not resistant. Detailed results of
the A387 tests can be found in Reference C-5.

Stainless Steel A286 - The A286 SS was tested at a temperature
of 894K (1150°F), with the sample initially gaining weight by
the formation of a uniform-appearing dark oxide layer. After
approximately 12 weeks, the oxide layer began to flake and
expose the bare metal surface. Due to some anomalies with

the test apparatus (see Ref. C-5), no conclusions were drawn
as to the use of this material in the salt system.

Stainless Steel 316 - No flaking was noted for 316. From a’
weight gain standpoint, the 316 stainless steel looked favor-
able for high-temperature use (811K, 1000°F), but examination
of the photomicrograph showed intergranular corrosion due to
sensitization. Sensitization would eventually reduce the
effective load-carrying cross section o0f the material. The
general corrosion resistance makes 316 stainless steel a good
candidate for use at less than 700K (800°F). A more detailed
discussion of the results is given in Reference C-5. A low
carbon stainless steel, 316L, would reduce sensitization and
intergranular corrosion but also has lower strength and is not
coded above 850°F for power application piping.

Stainless Steel 321 - This stainless was originally selected

because it does not sensitize like some of the other 300-series
stainless steels. The sample initially showed a weight gain

at 865K (1100°F), but flaking had occurred by the end of test,
exposing the bare metal. Examination of the photomicrograph

at 811K (1000°F) showed sensitization and intergranular
corrosion similar to that of 316 stainless. Although litera-
ture data (Ref. C-1) point to use of 321 1n high-temperature
salt systems, further testing must be completed before a
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recommendation could be made on the use of 321 SS based on
the data from this test program. Further results can be
found in Reference C-5.

Stainless Steel 347 - Stainless steel 347 is similar to 321
except that the stabilizing agents added  are colombium and
tantalum, rather -than the titanium in 321. The literature
survey (Ref. C-1, C-2, C-3) ‘shows extensive use of 347 stain-
less, both in practical applications and in corrosion testing
at temperatures up to 812K (LO0O0N°F) with no noticcable
corrosion. The weight gain for this material is shown in
Figures C-4 and C-5. Both figures show the weight gain-
stabilizing at approximately. 1600 hours into the test. No
flaking of the oxide layer was noticed. The results of this
test and previous use of the material at system operating
temperatures make it the most attractive candidate material
for use in the high-temperature portion of the salt piping
and heat exchanger system. '

Incoloy 800 - Incoloy 800 is a high-nickel alloy used extens-
ively in corrusive environments. Figure C-5 shows the weight
gain history of the sample at 866K (1100°F). At approximately
2000 hours into the test, the weight gain leveled off to a
point where no appreciable buildup of the oxide layer was
noticed. The layer appeared to be uniform throughout the
test, with no flaking noted. Photomicrographa (Ref. C-5)
showed no intergranular corrosion occurring during the test
duration. Incoloy 800 is an excellent candidate for use in
the high-temperature portion of the system, but comparing it
with 347 stainless stee}, the cost of the Incoloy 800 makes

it less favorable for piping systems. The higher strength of
Incoloy 800 makes it an excellent material for receiver tubing.

After reviewing the literature and data, 347 stainless steel

was chosen as the candidate material for the high=temperature piping
and heat exchanger surface area of the draw salt systew, and carbon

steel was chosen for use in the low-temperature side of the system.
A low chrome molybdenum steel, A387, was chosen for intermediate~-
temperature applications in the heat exchangers and salt heater.
Incoloy 800 was chosen for the receiver tubing. =

For more detalls and discussions of the Martin Marietta corrosion

test program, consult Reference C~5.

For equipment materials other than metals, very little was

found In the literature. Reference C-5 gives the following
recommendations:
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"Flat-faced flanged fittings are generally satisfactory for
piping to carry 'Hitec,' but tongue-and-groove type fittings are
recommended for severe applications. Welded pipe bends and connec-
tions should be used whenever possible, and piping should be laid
out so that the molten salt will drain by gravity to the storage -
reservoir when the unit is shut down. Exposed salt lines and
valves should be insulated in order to prevent excessive radiation
of heat, although for some high-temperature applications it is
necessary to use valves fitted with radiation fins in order to
protect the packing glands. Salt lines and valves should be traced
or steam-jacketed in order to prevent freezing by solidified salt
especially for intermittent operations. '

"Both»manually operated,,steel gate valves and automatic valves
can be used satisfactorily with 'Hitec,' taking care to install
the valves so that they can drain- freely.- Submerged centrifugal
pumps can be used to circulate molten 'Hitec,' and these should be
of a type which permits no contact of the liquid with the packing
gland."

- "Metallic asbestos gaskets, asbestos sheet gaskets, and asbestos
packing have all been used successfully. The use of organic valve-
packing lubricants or excessive pipe dope should be avoided in order
to prevent reaction between the organic material and the 'Hitec.'
Graphite-lubricated asbestos is satisfactory, but the graphite con-
tent should be held to a minimum."

"The salt-heating unit should be designed to prevent localized
overheating during start-up and in cases when the circulation of
salt might be stopped suddenly. Remelting of 'Hitec' is preferably
done with electric immersion heaters or steam coills which pass
through the surface of the salt. Heating of a 'frozen' 'Hitec'
bath from the bottom alone can develop sufficient pressure to rup-
ture equipment or, mule 11kely, to expel molten 'Hitec' through the
solid salt surface.'
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APPENDIX D: HELIOSTAT FIELD COORDINATES

The coordinates for a 12,484 heliostat module have been supplied
to Sandia-Livermore on a magnetic tape. The format of the tape is:

Column 1 - Heliostat Row Number
Column 2 - Heliostat Number )
Column 3 - X-coordinate (meters)
Column 4 - Y-coordinate (meters)
Column 5

- Z-coordinate (méters)

‘The coordinate system has its origin at the centerline of the
tower, with Z = 0,0 at the plane of the heliostat elevation axis.
Positive X is due .east, positive Y being due north:

The aiming strategy, as discussed in Volume II, Section 5.3,
has been adapted to the MIRVAL program in the following tables.
The zone radius refers to the horizontal distance from the center-
line of the tower for which a given aimpoint is applicable. For
example, a zone radius of 121.0 m means that all heliostats less
than 121 m from the centerline of the tower (up to the previous
aim. zone) are aimed at the given aimpoint. The aimpoint coordinate
.system has its origin at the center of the respective aperture.
All heliostats in the south quadrant are aimed at the center of
the south aperture.

- Table D-1 North Quadrant Aim Inputs

Z)

Zone Radius ( X - Y
121.00 ' 0.00° 0.00 . -5.67
148.00 0.00 0.00° -3.90
175.00 0.00 0.00 -2.75
200.00 0.00 0.00 0.00
225.00 0.00" 0.00 1.83
©251.00 0.00 0.00 3.96
275.00 0.00 0.00 . 3.21
303.00 0.00 0.00 5.28
327.00 0.00 0.00 3.21
355.00 0.00 0.00 3,21
382.00 0.00 0.00 '~5.02
415,00 0.00 ~0.00 4,78
446.00 0.00 0.00 4.58
482.00 0.00 0.00 4.37
520.00 0.00 0.00 4,14
562.00 0.00 0.00 -3.78
605.00 0.00 0.00 3.60
652.00 0.00 0.00 '3.29



Table D-2 East/West Quadrant Aim Inputs

Zone Radius

121.00
148.00
175.00
200.00
225.00
251.00
275.00
303.00
327.00
355.00
38z2.00
415.00
446.00
482.00
520.00
©562.00
"605.00
652.00

(X

COO0OOCOCOIDOOOIDCOOOOO0O

.00
.00
.00
.00
.00
.00
0N
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

COOCCOOCOCO OO DO0ODO0OOCOOO0O

Y

.

o
o

.00
.00
.00
.00
.00
.00
.00
.00 -
.00
.00
.00
.00
.00
.0U
.00
.00
.00

Z)

-4.70

~-3.76

. =2.65

0.00
1.77
0.00
0.00

.88

“3,10 .

3.10"
0.00
.88
-2.65
3.10
-2.65
~-2.96
' 0.00
0.00




APPENDIX E: DATA LISTS

This appendix contains the requested data for the design

characteristics and performance for each subsystem of the selected
100 MWe-18 hour solar central receiver hybrid power system.

I.

A.

COLLECTOR SUBSYSTEM

Design Characteristics

Field Geometry and Size: 2 collector fields, each surrounding
radial stagger arrays, overall dimensions of 1800 m (5905 ft)
N-S by 1940 m (6364 ft) E-W, w1th a central exclusion radius of
110 m (361 ft).

Field Layout: Radial stagger arrays, heliostat coordinates
provided in Appendix D.

Field Oversizing for Dirt on Mirrors, Reliability, etc. Helio-
stat reliability of 0.997 used in design point stairstep, result-
ing in oversizing of each hleiostat field of 1837 m® (37. 45
heliostats).

Beam Pointing Accuracy: 0.75 mrad (1 sigma) elevation axis
error, 0.75 mrad (1 sigma) azimuthal axis error.

Beam Quality: 1.0 mrad (1 sigma) single axis mirror aberration
error.

Heliostat Geometry and Size 12-facet glass/steel inverting
stow heliostat; 49.05 m? (528 ft‘) reflective surface; 7.416 m
x 7.378 m (24.33 ft x 24.20 ft) overall dimensions.

Number of Heliostats: 12,484 per field, 25,968 total plant.

Operating Characteristics

Power to Track: 25 W/heliostat (5.097x107 MWe/mz),
Standby Power: 0.0 W/heliostat

Heliostat Operating Modes:.  The Collector Subsystem reflects
solar radiation onte the Receiver Subsystem in a manner which
satisfies receiver incident heat flux requirements. In addi-
tion, the Collector Subsystem will cxecute altérnative drive
modes in response to commands from the Master-Control Subsystem
for emergency defocusing of the reflected energy or to protect
the hellostat array against environmental extremes. The



heliostat will be properly positioned for repair or mainten-
ance in response to either master control or local commands.
Heliostat design provides for stored or safe position for use
at night, during periodic maintenance and during adverse
weather conditions. '

Control System Characteristics: See'Section 5.7.2, Volume I1I.

Operation and Survival Versus Environmental Conditions: The
heliostat operation and survival meets the environmental con-
ditiono apccified in the Systems Requlrement Definicion, as
discussed in Reference 5-1., -

Maximum temperature for operation = 40°C (104°F)
Minimum temperaturé for operation = 0°C (32°M)
Maximum windspeed for heliostat: operation, per Reference 5-1,
pg 6-23, 1s°16.1 m/s (36 mph). '

Fleld efficiency Values; F(ee,ee)ffor the 12,484 heliostat
field are given below. These values are based on MIRVAL
analysis and include effects of the aiming strategy discussed
in Section 5.3 of this report. These efficiencies include an
average reflectivity of 0.90.
SUN AZIMUTH ANGLE, DEGREES
0 30 60 75 90 110 130
5 .282 .282 .274 .255 .245 .240 ,237

15 .527 .520 .495 .4763 .460 .452 .448

SUN ELEVATION 25  .616 .612 .600 .581 .569 .555 .551

ANGLE, DEGREES

II.

45  .685 .683 .668 .655 .634 .622 .616
65  .703 .699 .686 .670 .658 .650 .647
89,5 ,690 .689 .687 .6B4 .679 676 .677

RECEIVER SUBSYSTEM

Design Characteristi;g

©30.8 m (101 fe)
26.7.m (87.6 ft)
26.7 m (87.6 ft)

Recelver ‘helght
Receiver width
Receiver depth
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2., Area of Apertures:

North 16.5 m (54.1 ft) square = 272.3 m? (2942 ft?)
South 10.6 m (34.8 ft) square = 112.4 m? (1214 ft?)
"East 14.6 m (47.9 ft) square = 213.2 m? (2303 £t?)
West 14,6 m (47.9 ft) square' = 213.2 m2 (2303 ft?)

: ’ © T 811l m? (8762 ££2)

Area of Absorbing Surfaces: (Assumes all panels are flat surfaces,
. 1,e., does not account for circumferential tube surface area. In-
.cludes front and back surfaces for panels with two sided heating.
~ Only active surfaces are included.) '

(1065.6° £t2)
(2507.7 £t?)
(2507.7 - £t2)
(775.0 £t2)
(1362.4 ft2)
(1362.4 £t2)

"'North: = back wall
' east side wall
west side wall

South: back-wall

east sidg wéii
west side wall

- 99,
233,
233,

72,
126.
126.

nnu
NN R %oqo%o

8388

olrNs MNP 00O OO0
g

East: - back wall - = '80.4 m? (865.8 ft2)
north side wall = 197.7 m? (2128.5 ft?)
south side wall = 151.1 m? (1626.9 ft2)

West: back wﬁ;l = 80, mz'(865,8 ftzj
north side wall = 197, m? (2128.5 ft2)
south side wall = 151.1 m? (1626.9 ft?)

Total = 1748.6 m? (18823.2 ft2)

3. Absorber Tube: -

'38.1 mm (1.5 in.)

o =
ID = '34.8 mm (1.37 in.)
Wall = 1.65 mm (0.065 in.)

4. Absorber tube lengths (east zoné‘listed, west zone identical)

© 20. ft)

" panel 1 5 m (67.5

: 2 23.0m (75.5 ft)

3 23.0:m (75.5 ft)

4 22,7 m (74.5 ft)

5 22.0 m (72.2 ft)

6 21.3 m (69.9 ft)

7 19.1m (62.7 ft)

8 19.1m (62.7 ft)

9 18.8m (617 ft)

10 18.0 m (59.1 ft)

Total per Zone 207.5 m (681.1 ft)
5. Number of panels = 20
Number of tubes/panel = 78



6. Panel materials ~Incoloy 800
Total mass of panels = 49,146 Kg (108,350)
Mass per panel (east zone llsted -west zone identlcal)

2,428 Kg - (5,353 1bs)

2,724 Kg (6,005 1bs)

2,724 Kg- ' (6,005 1bs) °

2,688 Kg (5,926 1bs)

2,605 Kg (5,743 1bo)

2,522 Kg (5,560 1bs) '

2,262 Kg (4,987 1bs)

g,zeﬂ Kg (4,207 1bs) o

2,226 Kg (4,908 1bs)

10 u;J132 Kg - (4,701 1bs) - C T

Total Per Zone 24,573 Kg (54,175 1bs)

Vo~ nswNhH

7. Heat Pipe Material - not applicable,
8. Header Material - Incoloy 800 -

Total Mass of Headers = 5941 Kg (13, 097 1bs) :
Mass per header, includes upper and lower header (east zone
listed, west zone identical) .

_ Panel 1 302 Kg (666.12°1b)
2 277 Kg (609.82 1b)
3 302 Kg ' (666.12" 1b)
4 302 Kg (hRH.12 1b)
5 302 Kg (66A.17 Lh)
6 302 Kg (666.12 1b)
7 277 Kg (609.82 1b)
8 302 Kg (666.12 1b)
9 302 Kg (666.12 1b)
10 302 Kg - (666.12°1b)

Total per Zone =2,970 Kg ~.(6548.6 1lbs)

¢. Inoulatien Material:

‘Duraback, Fiberfax Ccramic Fiber
The Carborundum Company

P.0. Box 808

Niagara Falls, NY 14302

Total mass of insulation: 26,631 Kg (58,710 1lbs)
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10.

11.

12.

13.

14.

15.

16.

17.

Structure Material:

Standard A36 steel sections
14 ga Corrigated steel siding
.0008m (.032 in.) industrial aluminum roof covering

Total mass of structure (including siding, roofing and doors) =
666 476 Kg (1, 469 304 1bs). : .

Support Material.

Standard A36 steel sections
TotalAmass of support-spfucture = 39,817 Kg‘(87,780 1bs).
Piping Material: Incoloy 800 and 347 cres. |

Total mass of receiver piping (excluding panels, headers, valves
and tower riser and downcomer) = 16,508 Kg (36, 393 1bs).
Valve Material: '347 cres

Valves (Receiver only)

2 .3048 m (12 in.) @ 408 Kg (900 .1b) ea
8 .1016 m (4 in.) @ 36.3 Kg (80 1b) ea
10 .0508 m (2 in.) @ 8. 2 Kg (18 1b) ea

-Total per receiver

816.0 Kg (1800 1b)
210.4 Kg (640 1b)
82.0 Kg (180 1b)

1188.4 Kg (2,620 1b)

Receiver Pumps - not applicable

Other Receiver Items:

Absorber panel lateral support pipe 28,121 Kg (61,994 1bs)

Pipe supports, valve supports, access
ladders, railing, gratings, insulation

attachments, etc. 9,307 Kg (20,517 1b)
6,753 Kg (14,888 1b)

44,181 Kg (97 399 1b)

Door hoist mechanisms

Total other items/receiver
Total Dry Mass on Top of Tower: 849,889 Kg (1,873, 653 lbs)

Total Mass of Recelving Worklng Fluid '
(excluding tower riser and downcomer) = 127,348 Kg (280;74941bs)
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18.

19.

20.

21.

22,
23.

24,
25.

26.

27.
28.

29.

Receiver operational seismic load (at the aperture centerline
elevation) :

Vertical acceleration ép.45g
Horizontal acceleration  <0.16g
Receiver survival seismic load (at the aperture centerline
elevation):
' Vertical acceleration  <0.75g

Horizontal acceleration - <0.31l7g

Recelver 1s designed to meet Section I of the ASME Boiler and
Pressure Vessel Code,

Optical -Characteristics

Pyromark series 2500 high temperature protective coating
Tempil Division
Big Three Industries, Inc.

South Plainfield, NJ 0/080
Panel abesorbing surfaces, as=0.95, c~0.90

Inactive Surfaces, as=0.32, €=0.84
Receiver pressure drop correlations: see 5.3.3
Receiver heat transfer correlations: see 5.3.3

Receiver heat transfer correlations (for reéceiver losses):
see 5.3.4

Tower Construction; Reinforced concrete conical tower,
156.67 m (514 ft) to top of tower.

Riser Material: Carbon steel ‘

OD/ID/Wall, mm(in): 457.2(18)/SCH 60

Downcomer material: 347 SS§ .

OD/ID/wall, mm(in): 457.2 (18)/SCH iO, SCH 20; SCH 30

Riser/downcomer total lengths, m(ft): 701 (2300)
(Two Modulces)

Mass of riser/downcomer, kg(lb) 113465.3 (250,191).
(Two Modules)

Riser insulation material: Calcium silicate or equivalent
Thickness, mm(in): 152.4 (6) ‘
Downcomer insulation material: Calcium silicate or equivalent

Thickness, mm{(in): 228.6 (9)
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30. Mass of Riser/Downcomer insulation, kg(1b): 55056. f (121 400)
* (Two Modules)

32. Horizontal piping material: Cold Lines: C.S. A106 GR.B
, Hot Lines: S.S., A3478

Thickness: dold Lines: SCH 10
. Hot Lines: SCH 30 .

33. Horizontal piping total lengths, m(ft): 6754.4 (22;160)
34. Mass of horizontal piping, kg (1b): 695692 (1,534,000)

35." Horizontal piping insulation material: Calcium silicate or
equivalent, thickness, mm(in): 152.4 (6); 228.6 (9).

36. Mass of horizontal piping insulation, kg(lb): 367,347 (810,000)

37; Valve ﬁéteriai: stainless steel

Size of valves, mm(in): 101.6 (4); 304.8-406.4 (12-16);
457.2 (18); 19.05 (3/4) '

38. Number of véives (ground level only): 66
Mass of valves, kg(lb): 77,098 (170,000)

39. Receiver booster pumps: PP-105 A,B,S and PP-106A,B,S
Pump material: S-~5 Carbon Steel
Number of pumps: Four operating, two spares
Mass of receiver pumps, kg(lb): 10748.3 (23700) ea. pump
: 64489.8 (142200) total

PP-102 A,B,C,D,S: Main Circulation Pumps
Matérial: S-5 carbon steel

Number: Four operating; one spare

Mass, Kg(lb): 14,125.2 (6406) ea.

PP 101: Salt transfer pump (from melt tank to cold storage tank)
Material: S~5 Carbon Steel

Number: One operating

Mass; kg(lb): 407.7 (899) ea. pump

PP-107A,S: Water Recirculation Pump

Material: . C~6 Carbon Steel

Number: One operating; one spare

Mass, kg(lb): 963.7 (2125) ea. pump
1927.4 (4250) total
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40.

Pump Characteristics for Receiver Subsystem Pumps

" PP-101: Salt Transfer Pump

Type: Centrifugal.

Speed: 1750 rpm

Head: 17.1 m (56 ft)

NPSH: 914 m (3 ft)

Operating Temperature: 288°C (550°F)
Power: 6.11 KW (8.2'HP)

Caparity: .0216 m3/s (200 gpm)

rr-1024,B,0 ,b »5: Main Circulativn Pum}”)s

Type: Céentrifugal

Speed: 1750 rpm -

Head: 44,2 m (145 ft)

NPSH: 5.18 m (17 ft) . .
Operating Temperature: . 288°C (550°F)
Power: 2.57 KW (3.:44 HP) B

Capacity: .2601 m3/s (4,125 gpm)

PP-105 A,B,S; and PP-106 A,B;S; Receiver Booster Pumps

Type: Centrifugal

Speed: 3550 rpm

Head: 294.1 m (965 ft)

NPSH: 12.80 m (43 ft)

Operating Temperaturc: 288°C (550°F)
Power: 1883.6 KW (2526 HP)

-Capacity: .2601 m3/s (4125 gpm)

P?-lO? A;S: Water Recirculation Pump

Type: Centrifugal

Speed: 3350 rpm )

Head: ©38.40 m (126 ft)

NPSH: 244 m (8 ft) ,
Operating Temperature: 330°C (625°F)
Power: 5.47 KW (7.7 HP)

Capacity: .0158 m3/s (250 gpm)
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41.

Steam Generator Heat Exchanger Characteristics

TT~-101

Service: Boiler feedwater preheater
“Number Required: One "
Type: NEN (TEMA Standard)
Orientation: Horizontal .. '

Number of Tube Passes: One

Number of Shell Passes: One )

Tube Side Fluid: Boiler feedwater

Shell Side Fluid: Molten draw salt

Tube Material: Carbon Steel

Shell Material: Carbon Steel

Number of Tubes: 3395

Tube OD/ID/Wall, mm(in): .159 (5/8) )

Tube Layout and Pitch Dimension, mm (in): €230 . 19.84 (25/32)
Baffle Type and Spacing, mm(in): Triple segment, 404.8 (15 15/16)
Unit Size (tube length/Hx I.D.), m(ft): 12.19 (40)/1.19 (3.92)
Mass Per Unit, kg(lb): 59637.2 (131,500) -

Active External Surface Area Per Unit, m?(ft?): 2064.2 (22220)
LMTD, °C(°F): 8.372 (47.07)

TT-102 )
Service: Steam generator '
Number Required: One ]

Type: NEN (TEMA Standard)

Orientation: Vertical

Number of Tube Passes: One

Number of Shell Passes: One

Tube Side Fluid: Boller feedwater/steam

Shell Side Fluid: Molten draw salt

Tube Material: 1 Cr 4Mo

Shell Material: 1 Cr “Mo '

Number of Tubes: 3200 o

Tube OD/ID/Wall: .1905 (3/4) . : ‘

Tube Layout and Pitch Dimension, mm(in): €3 30 23.81 (15/16)
Baffle Type and Spacing, mm (in): " Triple segment 450.9 (17 3/4)
Unit Size (tube length/Hx I.D.), m(ft): 12.9 (40)/1.47 (4.83)
Mass per Unit, kg(lb): 87,466 (192,600)

Active External Surface Area per Unit, mz(ftz): 2334.9 (25133)
LMTD, °C(°F): 28.27 (84.14)
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TT-103 : _
Service: Steam superheater

Number Required: One - .
Type: NEN (TEMA Standard)
Orientation: ~ Horizontal

Number of Tube Passes: One
Number of Shell Passes: One -

Tube Side Fluid: Steam:- 3
Shell Side Pump: Molten draw salt’
Tube Material: - .347- 68

Shell Material: - 347 SS

Number of Tubes: .2242 o

Tube OD/ID/Wall, mm(in): - .159 (5/8) . ~ _ S
Tube Layout and Pitch Dimension, mm(in): <> 30 19.84 (25/32)
Baffle Type and Spacing, mm(in):  Triple segment, 409.6 (16' 1/8")
Unit Size.(tube length/Hx I.D.), m(ft): 12.19 (40)/1.04 (3.42)
Mass per Unit, kg(lb): 62630 (138,100) v ) )
Active External Surfac€ Area per Unit, m2 (F£2): 1363.2 (14674)
LMTD, °C(°F): 42.44 (l08.4) .

TT-104 o '

Service: : Steam reheater
Number Required: One

Type: ’ "NEN (TEMA Standard):
Orientation:. -~ Horizontal

Numbcr of Tube Tasses: One

Number of Shell Passes: One

Tube Side Fluid: Steam _—

Shell Side Fluid: Molten Draw Salt - : . SRS
Tube Material: 347 SS . : . . e
Shell Material: 347 SS : :

Number of Tubes: 2481 . -

Tube OD/ID/Wall, mm(in): ..159 (518) .

Tube Layout and Pitch Dimension, mm (in): 30 19.84 (25/32)
Baffle Type and Spacing, mm(in): Triple segment, 409.6 (16 1/8)
Unit Size (tube length/Hx I.D.), m(ft): 9.14 (30)/1.07 (3.5)
Mass per Unit, kg(lb): 40,000 (88,200)

Active External Surface Area per Unit, m2(ft2): 1131.5 (12180)
IMTD, °C(°F): 37 (102.2)




B. Operatigg,Characteristics

1. Receiver Incident Power (Noon Day 172)

.. S . ) : . (¢] Minimum
Panel (Eest zone @ Maximum @ besign Point gpe;iting
listed, West Insolation Insolation 'Maz -Lon
zone identical) - MWt(990- W/m?) MWt(950 W/m?)

1 19.8 19.1

2 24.5- 23.5

3 37.9 36.4

4 41.2 39.5 g

s 19.3 18.5 -g:zermiﬁed

6 3.1 3.1 Vet .

7 14.1 _13:6

8 28.7 27.6

9 18.7 17.9

10 3.2 3.1
Total per Zone 210.5 . - 202.3 . : Not .
Total per Receiver ~ 421.0 ' 404.5 Determined

2. Receiver Absorbed Power (incident minus solar reflected) noon’

day 172 -
L " ) : . @‘Mininnm
Panel (East zone @ Maximum @ Design Point Operating

listed, West Insolation Insolation - - Condition
zone identical) MWt (990 W/m2) MWt (950 w/m2) MWt -

1 19.4 ° - 18 7
2 24.0 23.0
3 37.2 35.7
4 40.4 38.7 ‘ .
5 18.9 18.1 . Not
6 . 3.2 3.1 Determined
7 - ©13.5 13.0 ‘
8 28:1 27.0
9. 18.3 17.6
10° 3.3 3.2
Total per Zone . 206.3 ©198.1 Not
' ) Determined

Total per Receiver 412.6 396.2
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10.

11.

12.

Flux Maps: See 5.3.2.7

Peak Flux Absorbed (incident minus solar reflected solar), hoon
. day 172 | ’ -

@ maximum insolation (panel 2) = .607 MWt /m? (l91.7x103 B;u/hr—ftz)
@ design point insolation (panel 2) = .582 MWt/m? (184x103 Btu/hr-ft?)

Average Flux Absorbed (incident minus reflected solar), noon

day 172 (Surface avea, 1748.6 w, defined in 1I.A.2)

@ maximum insbiation: 412.6 MWt 2
S 1748.6 w2 - °-23¢ Mut/m
@ design point insolatiou: 396.2 -Mwt - 0.227 ch/m2'

1748.6 m2

@ minimum operating céndition: not determined

288°C (550°F)
566°C (1050°F)

Salt temperature into receiver

Salt temperature out of receiver
Receiver working fluid operating pressure:

in = 2.206 MPa (320 psig)
our = 0.103 MPa (15 psig)

Receiver working fluid fiow rates:

@ maximum insolation

-per panel
total

@ design point insolation -

per panel = 1.548x10% Kg/hr (3.413x10% 1b/hr)
total = 3.096x10% Kg/hr (6.826x10% 1b/hr)

@ minimum operating condition - not determined
Receiver working fluid velocities: See 5.3.3
Receiver losses: See 5.3.4.2 and 5.3.4.3

Peak metal temperatures in receiver: See 5.3.4.3

Peak working stress in receiver: See 5.3.2.5
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13.

14.

15.

16.

17.

18.

19.

Fatigue life: See 5.3.2.5 and 5.3.3

Receiver Beat transfer coefficients: See 5.3.3

Receiver ramp rate:

Expected average ramp rate

minute.

Steam generatof heat exchanger discharge rate (with collector
- field operating and storage being charged), design:

3% of maximum absorbed power pér

Total, MWt: 263.61
Unit Name Rate, MWt
TT-101 Boiler Feedwater Preheater 50.26
TT~102 ‘Steam Generator. 106.1
TT-103 Steam Superheater 71.62
TT-104 Steam Reheater 35.63
Working fluid (salt) opératingltemperatures:
' : T i D .
Unit Name In, °C(°F) Qut, °C(°F)
TT-101 Boiler feedwater 340.3(644.4). . 287.9(550)
preheater
TT-102 Steam generator 451.0(843.6) 340.3(644.4)
TT-103 Steam superheater 562.9(1045) . 451(843.6)
TT-104 Steam reheater 562.9(1045) .. 451(843.6)

Water/steam operating temperatures:

Unit Name In, °C(°F) Out, °C(°F)
TT-101 Boiler feedwater 237.9(460) 328.9(623.8) .
preheater . - j
TT-102 Steam generator 328.9(623.8) 328.0(623.8)

TT-103 Steam superheater 328.9(623.8) 539.1(1002’

TT-104 Steam reheater 339.8(643.3)  539.1(1002)

Working fluid (salt) operating pressures:

Unit Name In, KPag(psig) .Out, KPag(psig)
" TT-101 Boiler feedwater 489.7(71) '420.7(61)

preheater '

TT-102 Steam generator 551.8(80) 510.4(74)

TT-103 Steam superheater 648.4(94) ) 565.6(82)

TT-104 Steam rehéater  648.4(94) | 631.1(92)
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20. Water/steam operating pressures:

21.

22.

Unit Name ' In, Kpag (psig)

TT-101 Boiler feedwater 12,656(1835)
preheater '

TT-102 Steam generator , 12,643(1833)

TT-103 Steam superheater 12,553(1820)

TT-104 Stean reheater 2,800(405)

Working fluid (salt) flow rates:

Total
design,

kg/hr (1b/hr): 617.5 (4.901x108)

TT-101 Boiler Feedwater Preheater

design,

kg/hr(lb/hr): " 617.5 (4.901x10°)

TT-102 Steam Generator

design,

kg/hr(1b/hr): 617.5 (4.901x106)

TT-103 Steam Superheater - C

design,

kg/hr(1b/hr):  412.2 (3.272x108)

TT-104 Steam Reheater

design,

kg/hr(1b/hr): * 205.2 (1.,628x10°)

Water/steam flowrates

Total

design,
TT-101:
design,
TT-102:
design,
TT-103:
design,

TT-104:
design,

kg/hr(1b/hr): 102.4 (8.133x10%)

Boiler Feedwater Preheater
kg/hr(lb/hr):  102.4 (8.133x10%)

Steam Generator

kg/hr(1b/hr): 92.28 (7.326x10%)

Steam Superheater
kg/hr(1b/hr): 92.28 (7.326x10%)

Steam reheater

kg/hr(lb/hr): 79.42 (6.303x103)
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12,649(1834)

12,566 (1822)
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23. Steam Generator Heat Transfer Coefficients, W/m?-°C (Btu/h-ft2-°F)

(All coefficients and resistances are based on outside tube sur-
face area. The breakdown of heat transfer coefficients listed
were calculated for purpose of specifying heat exchangers for

quotes and 1s reflected in the "overall calculated." The "over-
all for design' was used for system design purposes.)
TT~101 TT-102 TT-103 TT-104
tube side 2190.1 4420.5 1669.0 985.5
(385.8) (778.7) (294.0) (173.6)
tube fouling 0.0036 0.0036 0.0036 0.0036
(0.00063) (0.00064) (0.00063) (0.00063)
tube wall 0.0012 0.0015 0.0031 0.0031
(0.00021) (0.00027) (0.00054) (0.00054)
shell fouling 0.0028 0.0028 0.0028 0.0028
' €0.0005) (0.0005) (0.0005) (0.0005)
shell side 3167.1 2885.0 4496.0 2711.8
(557.9) (508.2) (792.0) (477.7)
overall 992.3 1218,2% 895.8 596.1
(calculated) - (174.8) (214.6) (157.8) (105)
overall 970.7 1004.8 894.7 567.7
(for design) (171) (177) (157.6) (100)

*Flux limiting design

III. STORAGE SUBSYSTEM

A. Design Characteristics

1. Storage Media: Molten draw salt (60% KNO3, 40% NaNO3)
1.553 Kj/kg/°C (.371 Btu/1b/°F)

3.4 at 288°C (550°F)
0.9 at 566°C (1050°F)

Density, Kg/m3 (1b/ft3): ~7.44 (119.2) at 288°C (550°F)
6.72 (107.6) at 566°C (1050°F).

Specific Heat:
Vigcosity, cp:

2. Storage Media Mass: 19,195,328 Kg (42,325,700 1b) each tank.’
(2 tanks)



3. Tank Characteristics

3.1 MF-103 A/B: Hot salt storage

Number of tanks: two

Tank geometry and dimensidns, m(ft)
Diameter: 29.2 (96.0)
Height: 17.3 (57)

Tank volume, m3 (ft3): 11,683 (412,578)
Tank material: SA-516, grade 70 '
Tank shell design temperature, °C(°F): 315 (600)

Tank mass, kg(lb): 380950 (840,U00) ea.
761900 (1,680,000) total

Tank surface area:

top, m’ (£L7): 840 (9047) 1680 (18094) Total
side, m? (ft2): 1597 (17,190) 3194 (34380) Total
Bottom, m? (ft2): 672 (7238) 1344 (14476) Total
Total, m? (ft2): 13994 (45916) 27988 (91832) Total
Tank insulation material: _
External insulation: Top - Duraboard
. 8ides = Fiberglass

Bottom - Insulating concrete
" (actively cooled)

‘Internal Insilafrion: Top - nufaboard
Sides. - Krylite 30
Bottow - Krylite 30
Liner Material: 347 SS
External insulation thickness, mm(in):
Tap - 152.4 (0)
) Sides - 203.2 (8)
Bottom = 304.8 (12)

Internal insulation thickness, mm{in):

(6)

Top - 152.4
Sides - 228.6 (9)
Bottom - 228.6 (9)




3.2

MF-102 A/B: Cold salt storage

Number of tanks: Two
Tank Geometry and dimensions, m(ft):

Diameter: 26.2 (86)
Height: 19.2 (63)

Tank volume, m3 (ft3): 10364 (365,960)
Tank material: SA-516 Grade 70

Tank shell design temperature, °C(°F): 315-(600)

Tank mass, kg(lb): 314020 (692,450) ea.

Tank surface area:

Top, m?(ft?): 674 (7261)
Side, m2(ft?): 1581 (17021)
Bottom, m2(ft2): 539 (5808)
Total, m%(ft2): 2794 (30090)

Tank insulation, external:

Top: Duraboard
Sides: " Duraboard
Bottom: .. Insulating concrete .

External insulation thickness, mm(in):

Top: 101.6 (4)
Sides: 152.4 (6),
Bottom: - 304.8 (12{
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1348 (14522) Total
3162 (34042) Total
1078 (11616) Total
5588 {(60180) Total



3.3

MF-106: Hot salt sump

Number of tanks: One

Tank geometry and dimensions; m(ft):
Diameter: 10.2 (33.5)
Height: 3.04 (10)

Tank volume, m3 (£t3): 597 (6430)

Tank material: SA=516, grade 70

Tank shell design temperatnre, °C(°F):

Tank mass, kg(lb):

Tank surface area:

14965 (33000)

81.7 (880)

Top, m?(ft2):
Side, m2(ft?): 97.7 (1052)
Bottom, m2(ft2): 81.7 (880)

Total (single tank), m2(ft2):

Tank insulation:

External insulation:  Top
Sides

Bottom

Internal insulation: Top
Sides

Bottom
34788

Liner Material:

External insulation thickness, mu(in):

Top -
Sides -
Bottom =

Internal insulation thickness; mm{in):

Top -
Sides -
Bottom -
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261.1 (2812).

Duraboard
Fiberglass
Brick

Duraboard
Krylite 30
Krylite 30

152.4 (6)
203.2 (8)
254.0 (10)

152.4 (6)
152.4 (6)
152.4 (6) .




Piping material, OD/ID/Wall, mm(in):
Cold Lines: Carbon Steel A-106 GR.B, 457.2 (18) SCH 60
Hot Lines: Stainless Steel A-347 S, 457.2 (18) SCH 10

Piping total lengths, m (ft): 377.95 (1240)
Mass of piping, kg(lb): 39002 (86,000)

Piping insulation material: Calcium silicété or equivalent
Piping insulation thickness, cold, hot, mm(in.): 152.% (6); 228.6 (9)
Mass of piping insulation, kg (lb): 22902 (50,500/1bs)
Pump material, number and mass of storage pumps
PP-103 A,B,S: Hot salt pump
Material: 347 SS
Number: two operating; one spare
Mass., Kg(lb): 7936.5 (17,500) ea.

Pump character;stics for all storage subsystem pumps

PP-103 A,B,St -  Hot ‘salt pump

Type: . : < Vertical cantilever
Speed: : . - . 880 rpm

Head: . 49,07 m (161 ft)
NPSH: 4.267 m (14 ft)
Operating Temperature: 566°C (1050°F)
Power: 216.9 kw (291 hp)
Capacity: . .1892 m3(s (3000 gpm)

Operating Characteristics

Extractable capacity, MWHt (Btu): 4445.46 (1.52x101°)
Charging rate:

Maximum, MWt: 775 MWt

Design, MWt: 479 MWt

Minimum, MWt: 0 '
Discharging rate:

Maximum, MWt: 296.44

Design, MWt: . 247.03
Minimum, MWt: 41.17
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4. Duration

Design discharge rate, hrs: 18.0

5. Storagé media operating temperatures (hot/cold) °C(°F):
566°/288° (1050°/550°) -
6. Storage tank operating pressures

for fully charged storage, hot'tank:

top, kPa (psig) 101.4 (14.7)
bottom, kPa (psig) 286.9 (41.6)

for fully discharged storage, cold tank:

top, kPa (psig) 101.4 (14.7)
bottom, kPa (psig) 368.1 (51.2)

7. Heat loss rate,

for fully charged storage, MWt: .627
for fully discharged storage, MWt: .326

8. Storage ramp rate, % of maximum discharge power per minute: Not identified.

IV. ELECTRIC POWER GENERATION SUBSYSTEM

A. Design Characteristics

N

1. Turbine Generator: Single shaft, 3600 rpm, tandem compound,
two-flow, reheat, condensing unit. Nameplate rating; ~ 110,96 MWe,

2. Turbine Inlet conditions

Temperature: 538°C (1000°F)
Pressure: 12.41 MPag (1800 psig)
Flowrate: 331,200 kg/hr (/31,800 1bm/hr)

3. Turbine Hot Reheat conditions

Temperature: 538°C (1000°F)
Pressure: 2.69 MPag (385 psig)
Flowrate:. 273,600 kg/hr (630,300 1bm/hr)
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Turbine Cold Reheat conditions

Temperature: 340°C (643°F)
Pressure: 2.95 MPag (428 psig) .
Flowrate: 273,600 kg/hr (630,300 1bm/hr)

Feedwater Heaters: }

Feedwater Heater 1, Horizontal U-tube, .54 MW (1.95};106 Btu/h)

Feedwater Heater 2, Horizontal U-tube, 11.6 MW (39.6x105’Btu/h)

Feedwater Heater 3, Horizontal U-tube, 10.3 MW (35.0x10® Btu/h)
. o
6,

Feedwater Heater Horizontal U?tube; 6.8 MW (23.3_xl(_)6 Btu/h)

Feedwater Heater Horizontal U-tube, 9.8 MW (33.5le6 Btu/h)
Feedwater Heater 7, Horizontal U-tube, 21.5 MW (73.5x10% Btu/h)

Deaerator 5, Direct contacttréi 6.0 MW (20.5x10% Btu/h)
5 ppm (0.005 CC/L Oxygen) Max

Condenser type and configuration:

Single pressure, single-shell, divided ‘
waterbox, one pass 4108 m? (45000 f;z)

Feedwater Pumps: (2) multistage, horizontal sblit case
10.056 m3/5 (885 gpm) at 1565 m (5134 ft)
Auxiliary Steam Supply: Not identified:

Sealing Steam Requirements: Not identified.

Turbine Startup and Shutdown Charactefisticéf "Not identified; standard

turbiné.
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10. Nonsolar Energy Source Design: 50 MWe oil-fired salt heater

Heat Transfer Surface Description

Effective Heat Tube Size
' Transfer Area No. of 0.D. Min. Wall
Item m? (£ft2) " Tubes mm(din) " mm{in)
Economizer 175(1880) 200 57.15(2-1/4) 4.572(0.180)
HRA Section
Walls 309(3330) 365 50.80(2) - 4.191(0.165)
Primary Bundle 1173(12630) 225 38.10(1-1/2) 4,191(0.165)
Secondary Bundle 1173(12630) 225 38.10(1-1/2) 4.191(0.165)
Furnace
Floor 5(50) 106 63.50(2-1/2)  4.572(0.180)
Rear Wall 74(800) 192 34.925(1-3/8) 5.588(0.220)
Sides,Front Wall .
and Roof 229(2460) 360 34.925(1-3/8)  4.191(0.165)
Division Wall 92(990) 130 34.925(1-3/8). 4.191(0.165)
Finishing. Pendants 632(6800) 675 34.925(1-3/8) 4.191(0.165)
Total Heat 3862(41570)
Transfer Area
Salt Heater Tube Material and Weight
Tube Material & Weight (Tons)
Carbon (1 CR - 1/2 Mo) 347S8S Cumulative
Steel SA 213- SA 213- Tube Weight
SA-106C T 12 347 (tons)
Economizer 6.2 6.2
HRA Section
Walle . 40.0 46.2
Primary Bundle 35.0 . 81.2
Secondary Buuadle 35.0 116.2
Furnace
Floor 6.1 122.3
Ruar Wall 11.8 ) 133.8
Sides, Front Wall, ‘
and Roof 30.5 164.3
Division Wall - 5.3 169.6
Finishing Pendants 24.0 193.6

52.3 77.0 64.3

Overall dimensions: 6.7m (22 ft) Width; 14.0m (46 ft) Length;
15.0m (50 ft) Height
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Salt Heater Auxiliaries

Firing Equipment

Mfg: Forney Engineering

Model: 4-PAF, 2 POM, 150 MKB, QAAH
Soot Blowers '

Mfg: Copes Vulcan

Model: T-30, TEC

FD Fan & Drive

Fan Mfg: Westinghouse
Model: 4054, DWDI, Arr 3, Cl 1800
Operating Power: kW (BHP) 572 (767)
Weight: M kg (M 1b) 15 (33)
Drive Mfg: General Electric
Model: 1000 HP, 1800 RPM, WP Cl II
Voltage: 3¢, 60C, 4000V
Frame: 8309 S
Weight: M kg (M 1b) 4 (8)
Air Heater
Mfg: Air Preheater
Model: 24HR66
Operating Power: kW (BHP) 10 (8)
Weight: M kg (M 1b) 114 (251)

M = Thousand

Salt Heater Salt Pump

Pump Characteristic

PP=104 A,S: salt heater booster pump
Material: S-5 Carbon Steel

Number: One operating; one spare
Mass; kg(lb): 4383.7 (9666) ea. pump

8767.4 (19332) total

Pump Performance

PP-104 A,S: salt heater booster pumps
Type: Centrifugal

Speed: 1776 rpm

Head: 110.9 m (364 ft)

NPSH: 4.57 m (15 ft)

Operating Temperature: 288°C (550°F)

. Power: 510.06 KW (684 HP)

~Capacity: .1892 m3/s (3000 gpm)
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11.' Non-solar emission level limits:

0.3 1b per million Btu

NO_ =

X
S04, = 0.75 1b per million Btu
particulates =

. Operational Characteristics

ElGS

Gross Turbine Cycle Eff.
Net Turbine Cyclc Eff.

Fraction of Turbine Cycle
Heat Input - Solar

Gross Cycle Heat Rate
Kj/kW-hr (Btu/kW-hr)

Net Cycle Heat Rate
kJ/kW-hr (Btu/kW-hr)

Turbine Back Pressure,kPa(in)
Feedwater Temperature,°C(°F)

Flowrate to Turbine, kg/hr
(1b/hr)

Auxiliary Loads (MWe)
EPGS
Nonsolar Support
NoﬁsolaraEnergy Source
Collector
Pumps
Iotal

Net Electiical Oulpul

99.5% efficiency for electrostatic precipitators

*Nonsolar plus storage operation to
provide 100 MWe net

E-24

Receiver Storage Nonsolar*

Operation Operation  Operation

424 424 424

.382 .4058 .4003
©1.00 1.00 0.00

8495 8495 8495

(8052) (8052) (8052)

9425 8872 8995

(8934) (8409) (8511)

8.5(2.5) (8.5(2.5) . 8.5(2.5)

- 230(446) 230(446) 230(44A)
3.31x103  3.31x103  3.31x103
(7.32x103)  (7.32x103) (7,32x103)

4.55 4.26 4.26
T - .35

- - .55
.62 -
5.79 _.455 1,012
10.96 - 4.715 6.172
100 Me

106.25 Mwe 104./Y MWe




2.

3.

Nonsolar Fuel:
Fuel Character

Elemental
S
Ha
c
Hy0
N2
02

Specific gravity

Viscosity
Pour point
Vanadium
Sodium
Nickel
Iron

Ash

Number 6 Fuel 0il
istics:

Composition (% by weight)

0.7

11.2

86.6
0.37

. 0.58
0.55

100.00

0.972 @ 288°K (60°F)

' 500 centistokes @ 311°K (100°F)

283°K (50°F)
366 ppm

36 ppm

43 ppm

3 ppm

o nn

Fuel Heating Value (as fired):

10438 Kcal/Kg (18785 Btu/lb) -

Fuel Burning Rate:

12600 Kg/hr (27,720 1b/hr)

0.05% by weight

Nonsolar Discharge Rate, Design: 133 MWt (452x108 Btu/hr)

Gas Operating

Temp. air
Temp. air
Temp. gas
Temp. gas
Temp. gas

Temperatures; Design:

leaving FD fan

leaving air heater
leaving furnace

entering primary bundle
entering secondary bundle

Temp. gas leaving economizer

Temp. gas

leaving air heater

38°C (100°F)
371°C (700°F)
1213°C (2215°F)
501°C (933°F)
827°C (1520°F)
418°C (785°F)
143°C (290°F)



10.

11.

12.

Working Fluid (Salt) Operating Temperatures, Design:

Salt Temperature, Inlet: 288°C (550°F)
Salt Temperature, Outlet: 566°C (1050°F)

Working Fluid (Salt) Operating Pressures, Design:

Salt Pressure, Inlet: - 2758 kPa (400 psi)
Salt Pressure, Outlet: 483 kPa (70 psi)

See Section 5.6.3 for complete detail of pressure losses.

Working Fluid (8alt) Flow Rates, Design:
1.098 x 10% Kg/hr (2:415 x:10% 1b/hr)

Heat Losses, Design Power:

Dry gas 3.81%
Hydrogen and moisture in fuel 6.09%
Moisture in air 0.01%
Unburned combustible 0.0%
Radiation 0.30%
Unaccounted for and mfrs, margin = 1.0%
Total losses 11.21%
Efficiency 88.79%

Ndnsolar Startup and Shutdown Characteristics: See Sect. 5.6.3.2.




APPENDIX F STEAEC INPUTS

The following are the STEAEC program input values and rationale
used to derive the yearly performance profile for the 100 MWe hybrid
plant.

Note: Input values are given in the units requifed for input
to STEAEC, whether SI or customary system. Where values are given
in SI units,. the customary equivalent is given in parentheses.

A. CONCOEF - Collector/Receiver Interface

FR - collector field efficiency as a function of azimuth and
elevation of sun; includes effects of reflectivity, atmospheric
attenuation, heliostat blocking and shading, cosine, tower shadow,
tracking and alignment errors,.receiver interception ("spillage'),
and heliostat reliability.

AZR - Azimuth (South = 0°) NY = 7
0° 30° 60° 75° 90° 110° 130°

Elevation 15° 0.527 0.520] 0.495 0.476 0.460]0.452 0.448
(Horizon  25° 0.616 0.612 ] 0.600 0.581 0.569]0.555 0.551

= 0°%) 45° 0.685 0.683 0.668 0.655 l0.634 0.622 0.616
65° 0.703 0.699 0.686 | 0.670 0.658 0.650 0.647

NX = 6 89.5° 0.689 0.689 0.687 0.684 0.679 0.676 0.677

ELR - 5° 0.282 O.282I 0.274 0.255 0.245 0.240 }0.237

The azimuth/elevation pairs that are blocked-in in the matrix
FR are those through which the sun passes from Barstow, Califormia.
Efficiencies for blocking, shading, cosine, tower shadow, and
splllage for some of these combinations were obtained using the
MIRVAL program with the collector field layout and receiver con-
figuration descrihed earlier. Values for other sun positionms,
including those that the sun never reaches from Barstow, were
extrapolated from these MIRVAL values. The STEAEC default values
for FR, derived for a 100 MWe field, were used as a guide. A re-
flectivity of 0.90 represents the generally accepted value for
average reflectivity of the heliostat mirrors between washings.

An MMC atmospheric attenuation model was used in the MIRVAL
program. Atmospheric attenuation was calculated to be 0.9419.
Heliostat reliability is 0.997 or better.

Tracking and alignment errors were included in the MIRVAL

inputs as part of the aiming and focusing parameters, and are
therefore part of the spillage efficiencies.
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B.

1)

2)

3)

4)

5)

6)

7)

8)

CONCOLF - Collector Field

FS - Field Size x Number of Fieldé

1224755 m® (13183156 f£t2) =

49.051 m?> (528 f£t2)/heliostat x 12484 heliostats/field x

2 fields.

ASB - Collector field auxiliary power requ1rements on standhy
0.0 MWe/m .

Mirror fields require no power when stowed at night or during
high winds.

AOL - Collector field auxiliary power requirements on line
5.097 x 107/ MWe/m’.

Heliostats are assumed to require 25.0 watts per hglios;at, or

25.0 watts/heliostat -7

2
49,051 m“/heliostat Mie/m

= 5.097 x 10

TLIML ~ Plant dry bulb temperature lower limit = -29°C (-20°F).
The contract requirements definition states that heliostat
lower operating limit: is -29 C (-20° F) :

TLIMU - Plant dry bulb temperature upper limit = 49°C. (170°F).
The contract requirements definition states that helinstat
upper operating limit is 49 C (120°F).

ELIM - Minimum sun elevation for collector field operation
0.0°

Our heliostats begin tracking at 0.0°.

WSLIM - Maximum wind speed for collector field operation

12 m/s (27 mph)b

The contract requiréments detinition states that operational
wind spaeds ave 0-12 /s (0=27 mph),

RFLCTY - Efflciency coefficient for atmospheric attenuation
and hellostat reliabillty .

1.000

Tr2se effects are included in CONCOEF matrix FR.

F-2
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1)

2)

WSEF - Heliostat efficiency as a function of wind speed

WSX - wind speed, m/s (ft/s) NEFWS = 8

(0) (6.56) (13.1) (19.7) (26.2) (32.8) (39.4) (44.0)
0 2 4 6 8 10 12 13.4

1.0 . 1.0 1.0 1.0 - - 1.0 1.0 1.0 1.0

Heliostat focusing parameters input to the MIRVAL program were
those evaluated at survival wind speed (12 m/s (39.4 ft/s)).
Because wind speed efficiency has already been accounted for
elsewhere, values of WSEF below 12 m/s should actually be
greater than 100%; however, we have input values of 1.0 for
all wind speeds.

- CONRCVR - Receiver . ‘ -

EPS - Receiver proportional efficiency (absorptivity)
0.98

A TRASYS model was used to determine total energy absorbed by
the advanced water steam cavity receiver after allowing for
cavity solar radiation interchange. This total energy absorbed
was then divided by the incident energy passing through the
aperture to determine the cavities effective absorptivity, and
similarly the effective absorptivity for the whole receiver.

XHR - Startup thermal capacity’ parameter =

Energy requlred to heat receiver to operating condltions

receiver size x cold-start time
0.04976 : . A N

Because we anticipate circulating cold salt (288°C) (550°F)
through the receivers at night, "cold" otart timc as wcll as
the energy required to heat the receivers to operating con-
ditions is minimized. A "cold start," then, means heating
the receivers from about 288 C (550°F) to a recelver panel-
averaged temperature of 427 C (800°F).

For -each. receiver, the weight is to'be heated is 187,000 kg
(413,000 1b) total, including 75,000 kg (166,000 1b) of tubes
and 112,000 kg (247,000 1b) of salt, and having an average
specific heat of 1130. J/kg-C- (o 270 Btu/lb °F).

conditions =

weight heated x -average Cp x AT or



3)

4)

=1
]

187,000 kg (413,000 1b) x 1130. J/kg-C
(.270 Btu/1b-°F) x [427 C (800°F) - 288 C (550°F)]

2.94 x 107 kJ (8.68. kWh) (2.788 x 10’ Btu)

The rise rate of normal solar flux at sunrise on the equinox
(representative of the annual average) is 0.70 kW/m2-h (222 Btu/
h~ft2-h). The amount of energy available to heat the receiver
after sunrise, noting that this rise rate is nearly linear for a
short time after sunrise, is E = (solar flux rise rate x time
after sunrise) x time after sunrise x } x heliostat area per
field x efficiency at "leaving receiver" step of stairstep at
equinox sunrise = 0.70 kW/mz-h (222 Btu/h-ft2-h) x TCS x TCS x

b

3 x 612378 m? (6591578 £t2) x 0.2503
where TCS = time required for '‘cold" start.

Because E = energy required to heat receiver to operating con-
ditions, we get- TCS = 0.3902 h.

Using RS = receiver size, as defined later.

_ B8.168 MWh x 2 receivers

XHR = 0.3902 h x B41.42 M,

= 0.04976

RS - Receiver size (maximum power incident on both receivers)

841.42 MH_ (2.872 x 107 Btu/h)

ALPHAR - Receiver cool down parameter = 0,382.

ALPHAR 1is used to derive XT, a parametcr identifying how far
along the cool down curve thé receiver has traveled since
shutdown. A value of XT = 1.0 implies that the receiver's _
thermal losses equal those at operating conditions; XT = 0.5
means the receiver has cooled to the point where thermal losses
are half those calculated for normal operation. In this way,
STEAEC can determine when input flux exceeds thermal losses,
and how long it will take for the receiver to reach operating
conditions (a "warm" receiver will take less time and energy).

Because most shutdowns occur at night, when the receivers will
be kept warm with 288°C (550°F) salt, losses after shutdown
will be a constant value equal to the lusses with the aperture
donra cleaed: Thercfore, the STEAEC equation calculating XT
after shutdown was replaced with XT = ALPHAR, and ALPHAR was
set equal to that fraction of normal operation losses expected
when all the receiver panels are at 288 C (550°F) and the
aperture doors have just been opened in the morning. These
losses were calculated nsing the methods described under FXLR
that follows and using an ambient air temperature of 10 C
(50°F) and wind speed of 8 m/s (26 ft/s).
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5)

6)

7)

8)

9)

10)

11)

12)

TCS - Time required for a cold start = 0.3902 h.

The derivation of TCS is described under XHR explained
previously.

RMF - Receiver minimum flow factor (fraction of RS) = 0.05.
Current design calls for 20:1 valves.

. . . . 5.799 MWe _
CAXP - Receiver aux1;iary power coefficient 803.87 MWe 0.0072.
From Badger, the receivesr auxiliary power requirements, given

803.89 MW power to the working fluid, is 5.799 MWe.

DEPTF - Derated power threshold factor (fraction of RS) = 1.0.

. The receivers have no derated capability.

MODPO - Plant option mode - 1.

The plant has no derated capability.

XTD - Value of X(t) at derated operation = 1.0.

The receivers have no derated capability.

DTST - Time interval between turbine synchronization and rated
conditions = 0.25 h.

Estimated from General Electric turbine information.

FXLR - Matrix of receiver subtractive loss coefficients for

reradiation, conduction, and convection losses (fractions of
RS).

RXLR - Wind Speeds, m/s (ft/s) NCXLR = 5§

(0) (13.1) (26.2) (39.4) (52.5)
0 4 8 12 16

CXLR - - 10 0.0626 0.0637 0.0659 0.0685 0.0715
bry Bulp 20 0.0614 0.0625 0.0644  0.0669  0.0696
Tempera- T 50 0.0599  0.0607  0.0625 0.0650 0.0681
rure Jop  + 80 0.0583 0.0590 = 0.0607 0.0629  0.0655
NRXLR = & T110  0.0568 0.0575  0.0591  0.0613  0.0A39

+140  0.0552  0.0557 0.0572 0.0591 0.0616

Hybrid receiver absorber panel temperatures were input into the
Advanced Water Steam (AWS) Convection/IR radiation loss MITAS
model described in Section 5.3.4.3 for various ambient tem-
peratures and wind speeds. The losses obtained were then
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1)

1)
2)
3)

4)

multiplied by the ratio of the hybrid to AWS aperture areas

to obtain the hybrid cavity convection and IR radiation
losses. Conduction losses were calculated to be 0.5 percent
of the absorbed flux and were assumed to be constant over the
range of the operating wind speed and temperature conditions.
Convection, conduction and IR radiation losses as a percent of
incident flux were then totalled to obtain matrix FXLR. '

CONPIPE - Piping between Receivers and EPGS

YXLP - Vector of thermal loss coefficients versus ambient tem-
perature for piping (fraction of RS). TXLP - ambient tempera-
ture, °F NXIP = 9.

22 -4 +14 +32 +50
-3 -3 -3 -3 -3
1.88x10 1.84x10 1.80x10 1.75%10 1.71x10
+68 +86 +106 . +122
1.67x1072  1.62x107>  1.58x1073  1.54x10 >

Piping losses for rated operating conditions were calculated
by Badger for an ambient air temperature of 28°C (83°F). This
loss of 1.3 MWt was proportioned by the ratio of temperature
differences between the pipes and the air to obtain losses at
other ambient temperatures.

CONTRBN - Turbine

ALPHA - Turbine shell cooldown parameter, 0.0050999/h
BETA - Turbine shell cooldown parameter, 0.034625/h

TAUR - Turbine operating temperature factor when previous shut-
down was during operation from receiver, 2.9246/h.

TAUS - Turbine operating temperature factor when previous shut-
down was during operation from storage, 2.9246/h.

ALPHA, BETA, TAUR, and TAUS (a«, B, T Ty respectively) were
obtained from a curve fit to the equation.
Tave(tsb) = 100 + 450 [exp (—a(tsb+1r)) + exp (—B(tsb+rs))]

using the turbine cooldown curve supplied by Gibbs and Hill.

In our system, it makes no difference whether the turbine was
running from the receiver or storage before shutdown, so TAUR =
TAUS.
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5)

6)

7)

ALPHR - Coefficient of auxiliary power needs when operating
from the receivers = 0.0174 MWe/MWt.

From Gibbs & Hill data, the EPGS requires about 4.55 MWe
for a turbine output of 110.96 MWe. Turbine auxiliary power
is normalized by the nominal power to the turbine (261.78 MW.).
The STEAEC program, varies turbine auxiliary loads as a
function of power available from the receivers

.55 MWe '

_ k. - MWe
- ALPHR = ———or— 0'0174vﬁﬁ—

261.78 MW, .

ALPHS - Coefficient of auxiliary power needs when operating
from storage

4.26 MWe  _ 0.0172

247.03 MW_ th

" EPGS auxiliary power requirements are assumed to remain a

constant percentage of the gross turbine output whether
running from storage or the receiver. Gross turbine output
when running from solar is:

100 MWe, net + 10.97, MWe, total auxiliaries = 110.97 MWe.

The percentage of the gross output required for EPGS auxiliaries

"can then be found from:

x(110.97) - 0.605 = 4.55
X = .0464 or 4.64%

where the .605 term is an adjustment to convert 2400 to 1800
psig.

Since, besides the EPGS, the only auxiliaries required when
running - from storage are the storage pumps, which need 0.455
MWe, the gross turbine output is:

100 + 0.455 + y Mwe

where y represents EPGS auxiliary needs.

They y can be found from:
0.0464(100.455 + y) -.605

y
4,26 MWe

y

This turbine auxiliary power is normalized by the nominal
power to the turbine (247.03 MW _, running from storage)
4,26 MWe MWe

ALPHS = m = 0.0172 _P'fw—;

TPFRL - Maximum thermal power turbine may receiver from receiver
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9)

10)

11)

12)
13)

14)

15).

The total auxiliaries requirement when running from the
receiver is 10.97 MWe. The turbine efficiency at the design
point wet bulb temperature of 74°F is 0.4239.

Therefore,
TprRL = {100 + 10.97) Mile _ ¢, 75y,
MWe
0.4239 ——
MW,

TPFSL - Mavimum thermal power turbine may receive from storage
247.03 MW,

The auxiliaries requirement when running from storage is 4.715
MWe. '

Therefore,
(100 + 4.715) MWe

TPFSL =
nan MWe
0.4239 W,

= 247.03 MW,

AUXPC - Standby auxiliary power coefficient 0.00294 MWe/MW,.

From Gibbs & Hill, EPGS auxiliary power needed for lighting,
air conditioning, etc. (assume turbine is shut down completely
when not in use) is 0.77 MWe. This is normalized by TPFRL.

_0.77 MWe MWe
SUXPC = o7 55 g = O-0029% Wil

TMFR - Turbine minimum flow rate coefficient for power from
receiver (fraction of maximum flow rate), 0.05 minimum flow
rate used by General Electric for their turbines.

TMFS -~ Turbine minimum flow rate ocefficient for power from
storage (fraction of maximum flow rate, 0.05 minimum flow rate

used by General Electric for their turbines.

SMFC - Storage minimum charge rate (fraction of maximum charge
rate 0.05. Design calls for 20:1 valves.

SMFD - Stotrage minimum discharge rate (fraction of maximum

.diacharge rate) 0,05, Design calls for 20:1 valves.

TURBSS - Turbine sealing steam coefficient, 0.0 MWt. As the.
turbine is shut down completely when not in use, it requires
no sealing steam.

MOPMF - Mode of plant operation during minimum flow conditions

= 2 (1 = turbine priority, 2 = storage priority). Storage
priority maximizes energy produced. .
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16)

17)

1)

2)

3)

4)

5)

FEPSR - Matrix -of thermal to electric conversion efficiencies
for power from receivers as a function of mass flow fraction
and wet bulb temperature from Cibbs & Hill.

REPSR - Mass Flow Fraction NCEPSR = 4
0.25 0.50 0.75 1.00

CEPSR - 30  0.3955 0.4185 0.4258  0.4271
Fet Bulb 40 - 0.3896 0.4170 0.4253  0.4273
Tomvorature. 50 03833 0.4142  0.4249  0.4273
op Perature, 60 0.3763 0.4098 0.4234 0.4273

_ 70 0.3663 0.4038 0.4202 0.4251
NREPSR = 6 g0  0.3556 0.3956 0.4148 0.4209 -

FEPSS - Matrix of thermal to electric conversion efficiencies
for power from storage as a functlon of mass flow fraction and
wet bulb temperature.

Matrlx is identical to FEPSR, above, except that REPSR, NCEPSR,
CEPSR, and NREPSR are replaced by REPSS, NCEPSS, CEPSS, and
NREPSS, respectively.

CONSTRG - Storage

PTSMAX - Maximum storage charge rate = 841.42 MWt.

Storage can receive maximum power from receivers.

PFSMAX - Maximum storage discharge rate = 247.03 MWt.

This value is limited by the capacity of the salt -steam heat
exchangers, so it is equal ‘to TPFSL.

EMAX - Maximum storage capacity = 4486.14 MWh.

The storage tanks hold enough to. discharge for 18 hours at a
nominal rate of 247.03 MWt, maximum storage discharge rate +
2,20 MWt, storage thermal losses = 249.73 MWt.

EMAX = (249.73 MWt) (18 hours) “ 4486.14 MWhe.

EMIN - Minimum energy in storage = 0.0 MWh¢.

Storage tanks can be completely drained with a very small
residual salt level.

‘ES - Energy in storage at beginning of run = 0.0 MWhg.

Assume STEAEC run starts with EMIN in storage.
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6)

7

8)

.9)
10)

11)

»12)

13)

14)

XLL --Storage loss factor during standby (fraction of PFSMAX
needed to keep heat exchangers hot during standby) = 0.001.

This value is a rough estimate of the heat loss factor for

the heat exchangers while on standby.

A - Storage charge auxiliary power coefficient = 0.0 MWe/MWt.
Our 9ystcenm docc not use a charging heat exchanger; salr is
pumped directly into storage tanks from the receiver.

B - Storage discharge auxLliary power coefficient = 0,00184

MWe /MWt . :

From Badger, the cantilever hot salt pump and the preheater
feedwater pump require 0.455 MWe. This is normalized by PFSMAX.
ALPHC - Strorage loss factor during charge = 1.0.

There are no thermal losses during charge.

ALPHD - Storage loss factor during discharge = 1.0.

There are no thermal losses during discharge.

ALPHL - Tank storage loss factor [1—(§verage fraction of
energy lost from storage tanks in 0.25 hours)] = 0.99982.

Average daily storage heat rate losses are 2.20 MWt. Tf we
estimate that, on the average, the tanks are 2/3 full during
one 24-hour period, then fraction of storage énergy lost from
tanks in 0.25 hours is

2.20 MWt x 0.25 h _ 2.20 x 0.25

2/3 % EMAX . 2/3 x 4486.14 00001841

c1, c2, C3 - Quadratic coefficients tor storage loss function
during charge = 1,0,0.

‘Storage charging is 100% efficient.-

D1, D2, D3 =-Quadratic coefficients for otorago loee function
during diccharge = 1, 0 0. :

Storage discharging is 100% efficient.

LS - Storage flag (1 = non-thermocline tanks, 2 = thermocline
tanks) = :

Non-thermocline tanks option was used since the hybrid system
uses separate hot and cold salt tanks.
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APPENDIX H: HYBRID RECEIVER ABSORBER TUBE THERMAL MATH MODEL

This appendix contains the Martin Marietta Interactive Thermal
System (MITAS) computer program analysis model used to determine
the receiver absorber tube and salt steady state temperature profiles
presented in Figure 5.3-33 through 5.3-35. This 26 node model -
represents one absorbing panel (front and back) and is diagramed in
Figure 5.3-32., By stacking computer runs, and inputting the salt
temperature out of the previous panel as the inlet salt temperature
for the succeeding panel, all 10 panels of a receiver zone are
represented.

The appropriate flux values shown in Figures 5.3-27 through
5.3-29 are input on the front and back of each panel node. The
program calculates the salt-to-tube heat transfer coefficient for
front and back of the five tube segments based on the salt tempera-
ture, tube temperature, and salt velocity. The salt velocity is a
function of the input mass flow rate and is calculated for each tube
segment based on the salt temperature and resulting salt density.
Incoloy conductance is varied in the program as a function of the
tube temperature.



‘BCD 3TITLE DATA
BCD 9HYBRID RECEIVER TUBE SECTION MODEL - PASS

END
BCD 3NODE DATA
-1, 550. 0. $ SALT INLET TEMP
GEN 2.5.1,550. $ SALT NODES
GEN 11,5,1,550. $ TUBE FRONT INSIDE NODES
GEN 21,5,1,550..- $ TUBE BACK INSIDE NODES
GEN 111,5,1,550., - $ TUBE FRONT OUTSIDE NODES
GEN 121,5,1,550.,- $ TUBE BACK QUTSIDE NODES
CND
8CD 3CONDUCTOR DATA
1,1,2,1. $ SALT FLOW CUNUUCIURS
2.-2.3.1.,
3,-3.4,1.
4,-4,5,1.
5,-5,6,1.
GEN 11,5, 1 11.f $ HA CONU,FRUN1 TUBE TU SALT(CALC IN EXEC)

$ HA COND,BACK TUBE TO SALT(CALC IN EXEC)

2.1,1
GEN 21,5,1,21,1,2,1,1.
3.1.% FRONT TUBE OUTSIDE TO INSIDE (CALC IN VAR1)

CGS 141,114.11,A
CGS 112,112,12,A3,
CGS 113,113,13,4A3, 1

CGS 114,114,174 ,A3,1.

CGS 115,115,15,A3,1. :

CGS 121,121,21,A3,1.% BACK TUBE QUTSIDE TO INSIDE (CALC IN VAR1)
CGS 122,122,22,A3,1.

CGS 123,123,23,A3,1.

CGS 124,124,24 ,A3,1.

CGS 125,125,25,A3,1

END

BCD 3CONSTANTS DATA

{ = 1.5 $ TUBE OD (INCHES)

2 = .065 $ TUBE WALL (INCHES)

3 = 78. $ NO OF TUBES PER SECTION

4 = 1. $ SALT FLOW/TUBE (LBM/HR),CALC IN EXEC

6 = ft. $ TUBE NODE ARLCA TOUCIIING SALT(rT2),CALC IN EX
6 = 3460929. $ TOTAL SALT FLOW/ZONE (LBM/HR)

7 = .371 $ SPECIFIC HEAT OF SALT (BTU/LBM-F)

8 = 59.06 $ LENGTH OF TUBE SECTION (FT)

g = 1. $ TUBE ID (FT),CALC IN EXEC

10= ¢, $ TUBE FLOW CROSS SECT (FT2).CALC IN EXEC
11= .234 $ CONDUCTIVITY OF SALT (BTU/HR-FT-F)

12= 1. $ EXT PROJECTED AREA OF TUBE NODE(FT2),CALC IN
13= .07 $ RAD,COND,REFL,AND CONV LOSSES.FRACT OF ABS
1d4= |\ $ PASS FLAG, 1=PIRST

NDSTOR =200

ITEROT=21

ITERMX=150

ARLXCA=.01

DRLXCA=.01

END

BCD 3ARRAY DATA

1§ FRONT SIDE FLUX (+*1000 BTU/HR rr2)
37.,164.,168.,114.,30. ,END

2 % BACK SIDE FLUX (*1000 BTU/HR-FT2)}
0.,0.,0.,0.,0.,END

3 ¢ INCOLOY 800 CONDUCTIVITY (BTU/HR-FT-F)
70.,7.25, 200.,8.08, 400..9.00, 600.,10.00, 800.,11.08
1000.,12.00, 1200.,12.92, 1400.,13.92,END

END

BCD 3EXECUTION

" IF(K14 .GT.1)T1=ETEST
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R4=R6/R3 $ FLOW/TUBE (LBM/HR)
R5=3.1416+(R1-2.#*R2)*R8/120.% TUBE NODE AREA TOUCHING SALT (FT2)

R9=(R1-2.*R2)/12. $ TUBE ID (FT)
R10=3.1416%R9*+2. /4, $ TUBE CROSS SECTIONAL AREA (FT2)
G1=R4*R7 $ M DOT CP CONDUCTOR (BTU/HR-F)

R12=R1*R8%12./(5.+%144.) ¢ NODE PROJECTED AREA (FT2)
G2=G1

G3=G1

G4=G1

G5=G1

STDSTL

CALCULATE THE HEAT ABSORBED BY THE SALT FOR THIS SECTION
QABS=R4*R3*R7*(T6-T1)*_ 2931 . 0E-06 ¢ MEGA WATTS
WRITE(6, 1)QABS

1 FORMAT(4X,E10.3,% MEGA WATTS TOTAL ABS IN THIS SECTION«)
VELI=ATEST/3600. % FT/SEC
VELO=BTEST/3600. $ FT/SEC
WRITE(6,2)VELI

2 FORMAT(4X,*VELOCITY AT ENTRANCE TO SECT=%,E10.3,* FT PER SEC*)
WRITE(6,3)VELD

3 FORMAT(4X,*VELOCITY AT OUTLET OF SECT=*,E10. 3 * FT PER SEC*)
WRITE(6,4)CTEST

4 FORMAT(4X,*H=*,E12.3,*BTU/HR-FT2-F AT PASS ENTRANCE*)

. WRITE(S6, 5)DTEST

5 FORMAT(4X,*H=* ,E12.3,*BTU/HR-FT2-F AT PASS EXIT*)
ETEST=T6
END . -

BCD 3VARIABLES 1
VARGS
DIMENSION vxs(15) ROE(15) ,VEL(15),VIST(15),COEF(15)

CALCULATE THE HA CONDUCTORS BETWEEN THE TUBE WALL AND SALT
DO 10 I=1,5
VIS(I)= (577 644xT(1)%x(-1. 97469))*3600
ROE(I)=131.524-.022543+T(1). .
VEL(I)=R(4)/(ROE(I)*R(10))

COEF(1+5)=(. OZQ*R(11)/R(9))#(R(9)tVEL(I)*ROE(I)/VIS(I))** 8=
(VIS(I)*R(7)/R(11))*=*.4

COEF(I+10)=COEF(I+5)

G(I+5)=COEF(I1+8)*R(5)

G(I+10)=COEF(I+10)*R(S)

CALCULATE THE INCOLOY TUBE OUTSIDE TO INSIDE CONDUCTORS
G(15+1)=G(15+1)+3.1415927+R(8)/(5.*ALOG(R(1)/(R(1)-2.*R(2))))
G(20+1)=G(20+1)*3.1415927*R(8)/(5. -ALOG(R(1)/(R(1) 2.*R(2))))

10 CONTINUE

-, ATEST=VEL(1) v N
BTEST=VEL(5)

CTEST=COEF(6)

DTEST=COEF(15) _—
Q111=A141%1000.*(1.-R13)*R12,
Q112=A14+2*1000.«(1.-R13)*R12
Q113=A1+3%1000.*(1.-R13)*R12
-Q114=A1+4*%1000.*(1.-R13)*R12
Q115=A145*1000.*(1.-R13)*R12
Q121%A2+1+1000.5(1.-R13)*R12
Q122=A242+1000.*(1.-R13)*R12
Q123=A2+43+1000.*(1.-R13)*R12
Q124=A214+1000.%(1.~-R13)*R12
Q125=A2+45*1000.*(1.-R13)*R12
END

BCD 3VARIABLES 2

END

BCD 30UTPUT CALLS



TPRINT

END .

BCD 3FINAL PARAMETERS
BCD 3TITLE DATA

BCD 9PASS 2

END '

BCD 3CONSTANTS DATA

8 = 72.83

14= 2

END

BCD 3ARRAY DATA
1,41.,129.,167.,156.,22. ,END
2,0.,0.,0.,0.,0.,END
END

BCD 3FINAL PARAMETERS
BCD 3TITLE DATA

BCD 9PASS 3

FND

BCD 3CONSTANTS DATA

8 = 70.87

END

BCD 3ARRAY DATA
1,22.,136.,149.,123.,48. ,END
2,7.,112.,135.,88.,2. ,END
END

BCD 3FINAL PARAMETERS
BCD 3TITLE DATA

BCD 9PASS 4

END

BCD 3CONSTANTS DATA

8 = 67.59

END

BCD 3ARRAY DAIA

1,84, ,167.,156.,104_,17. ,END
2,3.,110.,165.,118.,6. ,END
END

BCN IFINAL PARAMETERS
BCD 3TITLE VATA

BCD 9PASS S

END

BCD 3CONSTANTS DATA

8 = 63.98

END

BCD RARRAY DATA
1.7.,53.,76.,70.,42. ,END
2.2..50. .8 ,74.,5, ,END
END

BCD 3FINAL PARAMETERS
BUL JITITLE DATA

BCD 9PASS 6

END

BCD 3ICUNSTANTS DATA

8 = 61.68

END

BCD 3ARRAY DATA
1,3.,14.,25.,14.,0.,END
2,0.,2.,11.,7,,0.,END
END .

BCD 3FINAL PARAMETERS
BCD 3TITLE DATA

BCD 9PASS 7



END

BCD 3CONSTANTS DATA

8 = 52.82

END

BCD 3ARRAY DATA .
1,49.,126.,124.,85.,22. ,END
2,0.,0.,0.,0.,0.,END

END

BCD 3FINAL PARAMETERS

BCD 3TITLE DATA

BCD 9PASS 8

END

BCD 3CONSTANTS DATA

8 = 58.73

END

BCD 3ARRAY DATA
1,36.,106.,160.,149.,26. ,END
2,13.,77.,116.,63.,2. ,END
END

BCD 3FINAL PARAMETERS .
BCD 3TITLE DATA

- BCD 9PASS 9

END

BCD 3CONSTANTS DATA

8 = 56.10

END :

BCD 3ARRAY DATA
1,9.,75.,96.,80.,32. ,END
2,0.,33.,81.,80.,22. ,END
"END

BCD 3FINAL PARAMETERS
BCD 3TITLE DATA

BCD 9PASS 10

END

BCD 3CONSTANTS DATA

8 = 54:13

END

BCD 3ARRAY DATA
1,2.,13.,28.,16.,.5,END
2,.5,9.,16.,4.,0.,END
END

BCD 3END .OF DATA

H-5
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APPENDIX T: PTPTNG STRESS ANATYSTS

This appendix contains the computer printout of the stress
analysis program run on the hot salt network piping. The first
4 pages of the printout contain the moments, forces and stresses
for different points along the piping (at each change in direction);
the next 4 pages list the rotations and deflections at most of
these points.

The figure details the branches and some of the points. used
in the stress analysis. As the piping is symmetrical about point

‘A2, the piping of one module is detailed.

The maximum stress occurs at point 81 in Branch 9, in the piping
from the main east-west line to the hot salt tanks. From page 7 of
the printout, the stress computes to 3868 kPa (56,091 psi) for this
point. The maximum deflection occurs at point 65 of Branch 6, or at
the end of the main east-west run. Page 10 shows this deflection to
be 9.97 m (392 in.) in the X-direction.
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E6591-14 ~ WNCLTEN SALY PAGE ™%

3 TCAeT L7793 ARD SYSTEA STRESSES.
RESTRLINING RCASTIONS AT *TS' ENU ARE REFEFRED TN EACH POINT IN BRAMCH

CONCITION 1

ARaWCH 1y FRCM ALY TO - A

MCVENTS TN FOUT PIJNDS FORCES IN POUNDS STRESS

Bie PTe VX MY Wz FX FY F7 Bt
11 63564 63760 =14304, . 344, 1945, 356, 4375,
1,2 11704, 5432, =14304. 344, 1945, 354, TR P
1 3 15032, 48R5, - =14530, - 344a 1945,- 356, 24274,
1 @ 16882, 46530 =15071, 344, 1945. 356. 32545,
1 5 1884l. 4653,  ~16966, 344, 1945, 356, 35000,
1 » 15437, 4424, -16231, 344, 1945, 356, 28530,
R S { 16642, 3857, ~13363. 344, 1945, 356, 20861,
1 3 19642, -1663, 16782, 344, 1945, 356, 250657,
1 9 192¢1, =-2004, 16876, 344, 1945, 3564 . 7739,
1 1J 13266, -1652, 21153, 344, 1945, — 356, Z2300%,
1 11  =246C3. 5350, 21158, 344, 1945, 356, 37021,
1 12  -274€3, 5896, . 20931, 344, 1945, 356, 43117,
1 13  -29178 6123, 2385, 344, 1945, 356, 50614,
1 13 6540, €123, -13192. 344, 1945, 354, 2134,
BRanlH 2y FREOW A TO B
‘ NCVYENTS IN FOJT P9J1D3 FOSCES IN POUNDS ETRESS
BRo PTo MX MY M2z FX FY F2 PST :
2 13 €64C. 6123, -13192. =277, 1945, =107, ZHAETTT
2 14 3672, 6123, -55070 ~277, 1645, ~107, 4296,
2 15 = 4782, 6305, -5066, =277, 1545, =107, 3337,
2 16 73C7. 6746, ~4R34, =277, 194S. =107, 656G,
-2 11 7~ 29223, - G&54 4 -5884, ~277. 1945. -107. 18875,
2 18 31252 190%4, -479)1, =277, 1945, -407. . 19972,
2 19 32363, 10277, -4261. -277. 1545, -107. 20760.
229 20706, 102717, 32. ~277o . 1945.. =107.  1947S.
2 21 29254, 10054, S 473, =277, 1945, -107. . 1%024.
_ 2 22 260”“. ____'_265". 655. ‘277. lc‘tS- "1070 175350
2 23 -235C5. 2591, - 655, =277, 1645, =107, 14945,
2 24 =2666S5., - 2151, 838, =277 1945, -107., 16873,
2 25 -2f121, 1959, 1279, ~277. 1945, =107, 177595,
2 26 =2%719 1963, 55710 =277+ 15454 ~107. ©  19154.
2 27T =2f6h1, 2151, . 6012, =277, 1945, =107, 1841,
2 29 -25644. 2591, AL94, =277, 1945. =107, 163212,
2. 29 -£223, . 550J. 619%, -2770 1645, =107, 7 4B9S, T
23 -219¢, 54, 6377, -277, 1545, -107. 5679,
2 31 -1C87. 6123, 6318, - -277. 1645, -107. 4472,
232 -72640 6123, 223120 -27T7e 1945, ~-1070 3935,
1-3




C65C1-14 MCLTE:d SALT T . PARETTTE
NEALTICHS &MU SYETET ST<CSSES A
X RESTA INING FEASTIONS AT 07 JY CGMD ARE AEFESCED TH O EACH POINT 14 A24NCH
CONDITION 1
£XandCH 3, FEOM 8 T0 C
MOVENRTS IN FOIT PUUMOS FORCES IN PIUNDS SyRfes
ERe Plo MX 1Y M7 X FY F? TR
30032 -2k, n123., 22312, 466, 1645, 117. 3¢33,
3733 TTESEE, T 61T, EY A EY 48€, 1635, 7, 275247
3 S/’ 9355 S'zléo -48?80 4660 19’15. 1170 1"'37c
3 35 G10ha 5075 . =5135. LAY 1945, IT7. TETITS
3 35 24527, 16%, -51135, LHE, 1545, 117, 15524,
3 .57 -27(:‘?-“0 "557. "54‘{'2. 4(‘:6' 1?1050 1]‘.“70 l’7‘2?c
3 33 26165, b4, =51813, 466, 1945, 117, 13247,
.} 3:3 BCQTIO "'36"0 -’.54020 4(76'0 1_4;—20-50 1-1'70 2-17-3-30
3 IIA) 29E7‘;6 ‘557. “141430 (056. 19[0“0 1170 lqc07.
3 4. Y EER 174, ~14450, 466 o 1545, T I71=z%.
3 42 - =22136, 12061, -14450, 466, 1945, 117, 164374
3 43 —25753, 12832 . 147487, 466, 19349, 117, 205V,
3 44 ~26$50C, 12109, -15498, 466, 194%, 117, 1¢79¢9,
3 45 25043, 131595, =72718, 466, 1645, 117, AR A £
3 44 23576, 12702, -23459, 466, 1945, 117, 1417,
3 ‘0? "2\)‘?05. th).‘)lo '237‘)6. 466‘9 194‘35 1170 15‘*5“0
3 43 156 7171 - =-23766, 466, 19454 117, 5208,
3 33 3197, €%3), =24073., 4664 194, 117, 98¢5,
3 5‘) 4654- 61230 -248140 "660 19450 1170 ‘SQEC,O
3 51 50540 61273, <4335 7, 5667, 1945, ~ 117, KeT3,
oA 4CH &4y FEOM (O TO D
VOVMENTS IN FOIT PJJNDS FORCES TN PUNTS . SYREeE —
BRe PT, Ny MY Mz FX EY ¥ pPs1
4 5] SC5%40 6123, ~T=42397, =873, 1945, ~ =780a 5077
4 53 €516, £665, 39342, ~A23, 1€435, =760, 2h63F,
4 5% -625%3, 7974, 39835, -823, 1945, -7€0, 23413,
4 55 -221723, 245842, 39885, ~-R23, 1945, =760, 13C8%.
4 54 -19429, 25657, 38603, -8212, 1645a -760, 17715,
4 357 -18347, 245375, 35509, -323. 1945 =779, 1563¢,
"Q ';’ -1%3470 ‘.%19‘?0 V)‘}{Jlf. —QZB. 1945. -7600 SF‘O?.
4 39 -17Chb, 12532, 2269, = N IR - 7¢0, GRS,
4 5 -13671, 13344, 983, -823, 1945, -769, 702°,
4 bl 49722, 43237, 988, -823.7 T 1945, - T€9. G- T
3RANLH 5, FROMTO 0 E o
VLGRS LN FI0T PJJNDS FORCES In POUNDS SirE ST
.. . BRa P27, 4 X MY M7 X FY F7 PeI
.5 6l K< 20 TTAO2RT, 988, 140, =132, TToG ) T Ay e
1-4




L3551~14 MCLTEN sSaLT h PAGE 6

REACTICHS AN SYSTEX STRESSES

RESTSAINING REACTINNS AT {TJ' EMD AFE REFERSED TO EACH POINT IN BRANCH

CONDIT ICH 1

JHANCH 5, FOOM C TO E

. MOMENTS IN FONT PHJNDS FUKCES TM POUNDS ’ STRESS
oRe Plo vX MY . MZ £X FY FI PST

5 62 -815. _ -1786l, 998, - 140, =122, -9, 2074,

3l434CH 6, FPOM E TO G

MCVENTS IM FOIT 235)H08 FORCES IM POUNDS STRESS
tRe PTe X ny N7 FX FY FZ PSY
[+ 62 “R’.Se ‘l7R61. 9880 140. "-O. ‘90 20740
6 63 .‘817. -182"'60 h 988- 140. "0. —9. 66450
C € 6% _817e -18463, 988, 1406 "00 -9, 6718,
6 03 -8418. "lpls'flo 9870 1"0. —00 ‘q- 6755.
6 66 -818, 8849 , -428, 140. -0, -9, 1031,
BRANCH 7, FROM G TQ H
‘ FCYENTS TN FCOT PIYMNDS FORCES IN PGUNDS ' STRESS
BRe PTo VX Y Mz FX FY F PST
7. 66 =~ -818. - 8849, = =-428, 140, - ~15. 129, 1031,
1 83 -818. -75430 ° T =21606. 140, =15, 135, 426a
7 617 -8l8, -7735. -2181, 149, -15, 139, 1046,
3R44CH 8, FRIM A2 TO H
FCMENTS IN FIIT PIJNDS FORCES IN POUNDS : STRESS
"BRo PTo VX MY MZ FX . FY FI PSI
8 63 . 84, 123782, = 5212, -5607, 142, -25¢5, 6275,
8 &l g4, -158336, <10447., -5607, 142,  ~256&5, 20413,
BSR4 dCH 9, FEOY H TO K
VCMENTS IN FCOT »JNDS FORCES IV POUNDS : ETFE S ¢
BRe PTo. VX MY Mz £X FY F2 PSI
9 af -734, -166124, -12626, -S54670 -450. =2426, 49075,
S 73 10860 =166124, -16727, -5467, -490, -2426, 2918¢,
9 3) 4624, =-167522. -25425. 5467 =490, —2426, 33515,
9 31 5443, -153824.,  -20027, -5467, -450, - 2426, 54061,
9 78 -16842, 94972, ~290727, -54h7 =490, - 2426, 11663,
(SR 10, FPMOM &3 T(0O K
VORMENTS T FTOYT POTRNOS FOSCES 19 PagvDs T STRESS
3R, PT, v X 4y 47 FX FY F7 pSt
10 63 -3ECC2. 8315, 7 WH3Za, LY 1557, 2475, 1924475
10 7 -3NEDE, 176195, 233290, 5467, 15¢€2, 2426, 17278,
10 TL T -376ET, 3517, TETIT, LT A U582, 7T s, L 2ITEATT
10 72 -34860, 262150 62919, C467, 1552, 2476, 27%56¢%,
1¢ 715 148175, 267215, SI3052, 5467 152, 2576, T7TRY,
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N - Q- SR -"T'
MCLTER SAL

PAGE Y

FESTA:INING FEALTICNS

TTATT T S ATO SYSTET STFESSES

CONCITIOM

1

AT 0§00 ENC SR SEFECRED TO EACK PAINT In ‘R2ANCH

BrA CH 10, FOOM 83 T

K

MCYENTS IN FOOT P YOS FORCES 1M POUNDS STPESS
BFs 271, V¥ Y N7 F¥. Y o 1 FRYTT
10 7% 19735, 24h17,  =51T726. 5467 1552 2426, 19208,
10 7> 292354, 29757, 7 =52F67, 84E7, 15%27. 2426, 23742
LC 75 20334, -1J17L2. 25525, 5467, 1552, 2426, 33239,
10 77 19311e  ~L102017. FEDDI 5467 1552, 2475, 3737
10 73 16941,  =9492), . ' 23023, 5467, 1552, 2626, 5228

SUY CF FESTRAI(iN3 REACTIONS AT EATH PRANCh POINT

CINT X Ay M7 FX Y - .. EZ
I . "Oo T =Joe - Jo (J?.Job 001)‘” - mz’é—sc i
R 0. Je =0. =742.7 0.0 ~-223,.5
[ “Ue ~Jo VIS 12P8. 6 o) 16,8 T
D Do -Jo -0o -662.5 2C6¢€.6 -751,1
= e Joe Oo. 0.0 "’121_:-3 _0-:.0
G 0. -Jo 0, 0,0 nl‘lol : "1!'709
H [ ad Y -2 Vol - 3 %Y Jet)
. K -1, Je 1, 0.0 1C€2.,6 =0, o
MAX .STRESS = 560S1ls, PS! AT POIMT 81




EoS5Gl—-1A MOUTER SALT. PAGE
- S VSTET CEFLCECTIURS
COROTTITN )
Dt H 1, FEO% AT 7O A
. ‘ ROT Ay Lo IN RACIENT TRENSCATITNS 1N TNCHES
BRANGH PCINT ©XRIT YRIT 307 XLIN YLIN TLIN
1 1 D.0 Je0 0.0 .. 060 . 009 0.C
1 2 D0,099333 ),000198-0,000624 00,0036 =0,9034 . N,3343
i 4 0e016723-),001724=0,007571 " =H,0781 —0.,43CR 0.331¢
1 5  0,)17C20-J,021317-00,008h45 =0,6122 -1.C98S -008109
1 7 De 027655 -J00)83606-JalZ262TH  ~1,301& =CoB247  —~1,566G8
1 8  04022482-0.005158-0,025955 =3,1855 4,1277 =-2.5212
1 10 00035911=00007262-0,021132 =3,2334 5.6142 =~2,5643
1 11 06034T44=0,026804-0,014256 ~-1,5157 14,5173 =35,456D
1 13 De004622-0,010501-0.004129 -1,5609 14,8976 =-6,1593
1 13 =0,008225-J0,021014 0,000158 0,0CN0 3,0228 -0,0000
VCVENMENTS AT EdD PLINT & FRLM SCLUTION ES CHECK -
1 13 =-0.008205-2,001014 0.,0001%8 =~0.0C00 3.,0228 =-0.0000
BRAHCH 23, FROM A TD B8
ROTATIINE IN RADTANS TRANSLATIONS IN INCHES
T ARFNCH FCINT X<oT Yerur TRO™ XCIN YL IN 7CIN
L 2 13 -0.008205-1,001014 0,000158 =-0,0C00 3.0228 =-C,0000
2 14 -Do007L3L Jo00643=0,0017TRB ~0o3167 —0o34G2 Ze 5159
2 16 =0,203355 Jo0D1465-0,002190 =003516 =0,4610 2.9857
] 17 -0.003637 J,002110-0.002690 =0,1295 0.1061 4,2620
2 19 360038626 J1,073747-0,002500 =0,1C96 =0,1874 404219
] 20 Do70125%3 10005301-0s00274F 006060 =2,9711 24114
2 22 0.724358 0.007438-0,003867 -0,8596 =-1,7971 1.6837
2 23 00024505 )o008609-0,003704 =-3,3%04 506425 -1,41€1
2 25 00913990 Jo009015-0,003743 =2,6622 6.2335 =-2,1745
2 26 J.010%523 0.009313-0.003345 -4,3597T 4&4,3500 -4.4481
2 28 -0,000989 )e010526-0,0017S7 -401592 32,9951 —4,3417
2 29 -0,002205 Jo010B40~0,00L1A7 -7.8152 4.2158 -3,0654
2 31 =0,003231 0.012880 0.000977 =~2.4987 4.,0168 =-2,71C5
2 32 -9,90594) J)o016328 0,007395  0,0001 =32,0006 -0,000%
MOVEMENTS AT E1D PCINT B FRCM.SOLUTICAN AS CHECK
2 32 -0,005040 J,016328 0,007395 0.9 -3.,0005 -0.0000
BRAACH 3, FROM 8 T0 C
FOTATIJNS IN RADIANS TRANSUATIONS IN INCHES
BRANCH PGINT X297 YRIT 1507 XLIN . YLIN ZLIN
3 372 -0.,005040 J.016328 0,007395 0.0 ~3,0005 <=C.0000




E6591-112 VCLUTEN SELT PAGE ™"
>YSTET DEFLECTTITRS
CONDIT TOM 1
UR*NCH 3 ') FRQ:4 B TN C
FOTAT oS 1T KADIANS TRANSCETIONS TH THTCHES
EXLNCH FCINT X207 Y207 130T XL IN YL IN ILIN
3 33 =0,006729 Ja010TTT 0.011452 72066 =10,9175 47470
3 35 =06006231 J,020434 0,011120 8,0476 =10.1126 4.,7C19
3 A6 =0.000103 J,020841 U.UTJUBIT 19,4404 =9.2764 5. G18% i
3 14 06006030 Jo01C€Q27 D,0002R5 11,4621 =G46160 652029
3 EE] Ve dNB576 J.019797 D, 008146 13,0572 -11.5024 57T597
3 41 00021529 Jo021400 0.105142 12,7107 -11,3076 441071
T 3 NT T 06U2L1%2~ J.022571 N,0G1%%5  bevadb —4.4111  1.00747 .
3 44 06011595 J),027786=0,003264 503524 =4,18¢2 03154
3 45 0008578 Je029968-0,005%36 445526 —640727T —=1e585772 .
3 47 =0,000881 J,020160-0,026788 5S.1137 =~6.40SR =-1,4178
3 48 =U.00158% J+020010-0,011521 BoR2TT <=B6.2287 —=D.141%
3 50 =9,0N0327 1,02843R=0,016117 Go2667 —60462C 0.1620C
3 51 30014375 )40300673-0.,0200306 =0,J000 ~11.050L ~=U,uUlit2
FOVENENTS AT &40 PCINT £ FRTM SDLUTION AS CHECK
3 51 Do 091435 ).030692-0,025635 000 -11.0500 Ce CODD
3RANCH &y FRW C TO DO
ROTATIONWS TIT FADIENS TRANSTETIONS IN INCHES
JAANCH FCINT XAUT Y207 7F07 XU IN S YLIM ZLIN
4 81 T 0.0)1434 J.030692-0,225635 Ne0 -11.,0500 0., 08006
10 5? -0.0]3')60 ).OSQQ'&Q—O.{-)E(@.’UH -34.‘9532 -22.°2ql 3.22‘56
4 5%  =0eU2h73G JolA00GG -Vl IRARZ =34.6182 —22.6037 G.0UL4 T
4 55 =0 U3LTT72 Jo0398R2-0,016781 -25,0704 =15,27¢8 be 493D
& BT T =0.036407 J,045153-0.010661 —23.6AHBE =14, 12197 5,88¢1
4 58 =00038425 Js045168-0o00RR27 «21,784& —1604822 =-2,5661
4 TTTBD 0. 080431 JL 050471 C0,007467T 20,2030 ~15.65017=3,5813. 7
4 61 =N,037270 2.054214=0,907237 0.001C 0.0002 -0.,0005
— NLVE 7L 1% 4T Cdo PUINT O TRt SOLUTICH kS CHECK ”
4 ’ 61 ’”)b‘)37230 )0054214“'0@007238 U.U 090 0.0
3R44CH S5, FR™ [0 TO E
ROTAT DS IN FACTAMS TRANSLATIONS 1IN INCHES
JERANCH FCINT X7 YET 70y XLIN —YLUIN T
a 61 =0D,03T7236 Je!)54214-U,00723R 0,9 069 OeU
T T T s T TR T 3L 0168155 L. 0T8613-0.004208 38T, RGATTTS0,00167 50,4475
i NOVEMEMTS AT cau PCTHY. E FRO% SOLUTICN £S CHECK
5 62 J.J1B8L5> Je0715613-0.004 326 3BT, RGIITT 0,00C0 50.4465
3<adCH b6y FRTT E 10 G
Y <5 Y o SV ENNCY ) § SO TR ANSTATIONSTIN ik Er g
- 36/NCH FUINT Xo0r YAlT 7797 XL 1N YL I L
T T e T T 82 T, 918155 1. 078613 <0,004 378 THRTR63Y T T0, 6008 50,4469,
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E6591-14A

—

MOLTEN SALT PAGE

S YSTEM DCrLCr T IonS:

FONDITINN 1

39.nCH 6, FRUY E TOT 6

TRENSTATTIONS IN INCHES
XLIN YL IN ILIN

2UTATTONS TN KADIANS

_BRALCH FCINT  XROT v P07 7307

6 63 04018143 1.079342=0.004210 390.8161 =0.5989 SO0 JATZ -~
{ 6 65 06213105 Jo0Q75515=0,304242 392,3474 =-0,9721 53
' 6 66 00000T1a=)o003778 06007231 27.9%34 C.7028 =-0.,026)
 NCVEMENTS AT w0 PTINT G FRCY SOLUTICM AS CHECK
G 65 0e000714-0,003777 0,000331 2749816 0,90CC - 0.0
3RanCH Ty FROM 6 10 H
‘ o ROTATIUNS IN PADIAMS TRANSLATIONS IN THMCHES
BRANCH FLINT XROT YROT 2R0T XL IN YL IN ILIN
7 66 0o000714=)0003777 00000231 27,9515 0.000C J. 0
7 83 0.000)24=0s0N3387-0,000511. 13,4868 =0,0064 =34+8319
7 .67 - 0,000022-0.003401-0,000515 13,.3€52 =-0.0002 -3.8727
MOVEMENTS AT £dw POINT H FRCM SOLUTICN AS CHECK
7 61 0.000022-).,003401-0,000515 13.,3€%7 0.0 —3,87%%
BRANCH By FROM A2 10 K.
. ROTATIGNS IN RADIANS TRANSCATIGNS IN  ITNCHES
BRIANCH PCINT XROT YRNT ZROT XLIN YL IN ILIN
-8 68 0.0 De0 0.0 0.0 0.0 0.0
] 67 0.000021-0,003401-0,000515 13,3582 - 0,9027 =-3,8862
VIVEVENIS AT E.dJ PLINT H FRCM SOLUTIUN AS CHECK :
8 67  0,000022-0,003401-0,000515 13,3¢&52 0.0 -3,8796
BRANCH 9, FROM H TO K
. ROTATIUNS IN PADIANS TRANSLATIONS IN INCHES
BRANCH PCINT K0T YROT TRAT. XL IN “YCIN LTS
5 67 0.000022-)6003401-00000515 13,3652 n.0 -3.8796
G 79 0.,000022-),004285-0,000576 13,3€G7 0.0912 <-3.88CO
S 81 0,000386-)o021400 0,006216 13,0026 003501 -3,5662
9 78 -0,000530-J,02B714-0,003155 =3,52S2 0.0028 1.5189
NOVEMENTS AT Z4v PCINT K FRCM SOLUTICH AS CHECK :
9 78 =0,000529-20023714-0,003155 =-3.5121 -0.,90C0 16292
BRANCH 10, FR0OM A3 TO K
. ROTATIJnS, IN RADTANS TRANSLCATIONS IN I*ICHES
BRANCH PLINT XEOT YROT - "IR0T XLIN YLIN - 2L IN
1C €9 0o 0 . JeO 000 OeU P) o C
10 70 ~0.000148 J.000045 0.000427 0.,0002 ~-0,0004 -0,0905
10 72 -0.007841-2,002087 0.,007727 0e1122 -003450 =0,2145
18 73 ~0,003953 06001726 (009068 204474 =2,82¢g8 1.5801

" 1-9




£L6561-11

MILTEN SALT - : SXCE™ T

SYSTEM DEFLECTTOMS

CONDITTIn 1

LRawGH 1(.). FROM A3 TD K . : .. -
OT AT Ieas TN RXOTES TRANSCAYIONS TN IWCHES
AIANCH ECINT - xRuT venaT 2KOY XLIN YLIN® TLIN
16 75 =J.900B340 J.003363=-0,00143¢ Zed VA TSI NI 2 8T T T T
1L 76 =0,0U1060-0.017802-0,005202 =3,8020 =-0.0572 24 £433
1E 78 =0,un0520=Js UTATIB=0.003 154 = 3.4%48 7 00218 1J%61R
NCVEMENTS AT S0 PAINT K FROC SOLITICN A8 CHECK
7C TB  —0.0003295-0e02RT1%-0,002155 <30.5121 =0,90C0 129252

I-10




APPENDIX J: 100 MWe - 18 HOUR CAPITAL CbST WORKSHEETS

The appendix contains the cost worksheets for the capital cost
of the 100 MWe-18 hours of storage Solar Central Receiver Hybrid
Power System. All estimates are in 1979 §, first plant costs, and .
use Barstow, CA as the plant site.

Attachment 1 shows the construction cost codes used, with the
estimating responsibility. MM~denotés Martin Marietta, B denotes
Badger Plants, G&H denotes Gibbs and Hill, and FW denotes Foster
Wheeler. R : ‘ : ‘

Attachment 2 provides clarification as to the major hardware
_elements in each subsystem cost account. Similarly, Attachment 3
contains the definitions for the various indirect cost accounts.

Following Attachment 3 are the éost worksheets for each cost
account shown in Attachment 1., A summary worksheet has been pro-
vided for each major cost account. : '



© ATTACHMENT T
CONSTRUCTION COST CODES. FOR SOLAR CENTRAL RECEIVER
-HYBRID POWER SYSTEM
5000 Plant Cost (4000)

5100 Lahd, General Site Preﬁaratiop (4110)

MM 5110 Land (4111)
G&H ' 5120 Yard Work (Balance of plant) (4112)
MM 5130 Yard Work (Collector - fields)

5200 Administrative Areas
G&H 5210 Ope;atibns .
5211 Adminisc;aéion Buildingé (4122)
5212 Control Buildiﬂgv(4124)
5213 Communicgtions Equipment (4132)
5220 Security o |
5230 Storage and Maintanance (4125)_‘
5231 Storage and-Maintenénce BuildingsA(4123).

5232 Transpurtation and Lifting Equipment (4151)

G&H 5233 Miscellaneous.Equipment (4133)
5300 Collector Subsystem (4400) |
MM . 5310 Reflectivp Unit (44105
. 5320 Drive Unit (4420) |
5321 Azimuth or Horizontal Drive (4421)
5322 Elevatién or Vertical Drive (4422)
5323 Motors (4423)

5324 Position Indicators or Encoders (4424)

MM . ' 5325 Power4Distfibution.and Emergency Supply .(4425)

J=-2



Attachment 1

MM A 5330 Control and Instrumentation (4430)
| 5331 Sensor ovaalibration Equipment (4431)

5332 Field Controi Electronics (4432)

5333 Control Signal Distribution Equipﬁent (4433)
5340 Fﬁundations and Site Preparatiop k4440)'
5350 Heliostat Suppért and Protection (4450)

'5351 .Heliostat Sgppdft Structure (4451)

5352 Hgliostat Protective Enclosure (4452)

5354 Lightning Protection (4453)

5360 Field Assembly and Checkout (4460)

MM 5370 .Design and Engineerihgv(4470)
5400 Receiver Subsystem (4500)
5410 Receiver Unit (4510)

MM 5411 Absorber Unit (4511)

MM ‘ 5412 Support Structure (4512)
B ' ' 5413 Receiver Circulation Equipment (4513)

5414 Instrumentation and Control (4514)

MM
B _ 5420 Riser, Downcomer and Horizontél Piping (4520)
5421 Vertical fiping '
5422 Variable Hofizontal
5430 ﬁquing Media Cost (4530)
| 5431 Working Media.Cést
- B - 5432 Working Media Pfoceésing Equipuent

G&H 5440 Tower (4540)

J-3



Attachment 1 ‘

G&H ‘ 5450 Tower Foundation. (4550)

5460 Salt/‘Steam Generator and Related Piping '(4560)

B 5461 Salt/Steam Generator

B . 5462. Salt/Steém Circulation Equipment

G&H c 5463? Stéam/Wafér Circuiation'Equipment
GsH " 5464 Toundations |

MM/B/GGH 5470 Design aud Eugluvering (4570)

5500 Master Control Subsystem (4350)

MM 5510 Hardware (4351)
-! 5520 Hardware Design and Enginéering (4352)
MM 5530 Software Design, Development, and Tests (4353)

5600 Non-Solar Energy Subsystem (4700)

G&H' 5610 Fuel 0il Supply System

i 5611 Fuel 0il Storage

G&H 5612 Fuel 0il Preparation/Feed
B 5620 Salt Pipes and Pumps

G&H 5650 TFoundations (4740)

5700 Energy Slurage Subsystem (46UU) .

B 5710 Media Containment .Equipment (4610)
B 5720 Media Circulation Equipment (4620)
GAH . 5750 Toundations (4660)

B 5760 Media (4680)

B 5770 Design ané Engineéfiné (4670)

J4




"Attachment 1

" 5800 Electric Power Generation subsyatem
G&H '5810 Turbine Building (4121)
. 5820 Steam Turbine ‘Generator (4220)
- 5830 ‘Feed Heating ano Condensing System (4240)
- 5840 Water Treatment and Condensate Makeup System (4260)
585@ Cooling Tower System (4250)
5860 Electric Plant Equipment (4300)
| 5861 Switchgear (4310)
" 5862 Station Service Equipment‘(4320)
5863 Protective Equipment (4330)

5864 Power Wiring, Electrical Structures, and Wiring
% . .Containers (4340)

G&H 5870 Air Quality Control (4270)

5890 01l Fired Salt Heater System (4230)

W 5891 01l Fired Salt Heater

FW - 5892 Air Preheater and Forced Draft Fans.
G&H- 5893 Heater System Foundations

FW 5894 Instrumentation and Control

FW 5895 Design and Engineering

5900 Indirect Costs (4800)
MM/B/G&H/FW 5910 Indirect Field Construction Costs
5920 Engineering & Management

5930 Contingency

. J=5



51G0

5200

5300

5400

Land,

5110

5120

5130

ATTACHMENT 2

CONSTRUCTION COST CODES DEFINITIONS

General Site Preparation
Land cost for entire site (MM)

Includes general grading, roads, etc. for balance of. plant
area (G&H)

Includes general grading, roads for collector fields (MM)

Administrative Areas

5210

5220

5231

5232

5233

Administration & Control buildings will be costed as portion
of turbine bLuilding

Includes fencing, gates around site (MM),'iighting,,guard shack,
etc., in BOP area (G&H)

Storage and maintenance areas will be costed as part of the
turbine building (G&H)

Transportation and lifting equipment is the necessary equipment
required for plant operation (G&H)

Miscellaneous equipment (G&H)

Collector Subsystem (MM)

Recelver Subsystem

5411

5412

5413

5414

Absorber unit includes all active surface‘areas, headers, and
header guides (MM) . .

Support structure includes tower/receiver interface structure,
active surface support structure,  éxternal enclosure and
necessary insulation (MM)

Receiver circglation'equipment includes hoonster ﬁumps (and
check & gate valves and recirc. piping around pumps) at base
of tower; main circulation pumps (and associated valves) (B)

Includes instrumentation and controls for absorber unit,
aperture doors (MM); booster pumps and main circulation pump (R)




5421

5422

5431

5432

5440

5450

5460

5470

Attachmen; 2

Vertical piping includes riser and downcomer to connection

" with horizontal piping at base of tower. Includes insulation

and installation (B)

Horizontal piping includes piping, insulation, tracers, installa-
tion and supports for hot and cold piping from base of tower
to junction of field piping from the 2 modules.

Working media cost in this account 1is the salt in the receivers,
riser, downcomer, horizontal piping and heat exchangers at the
design point (one instant of time) (B)

Working media processing equipment includes startup melter
equipment and processing equipment (B)

Tower includes tower COSC; elevators, aircraf;.lighting, etc. (G&H)

Tower foundation includes excavation, foundation construction
and final grading around foundation (G&H)

Salt/Steam Generator and Related Piping

5461 Salt/steam heat exchangers includes heat exchanger cost
and installation (not including foundations), and insula-
tion. (B)

5462 Salt/steam circulation equipment includes the salt piping
from the junction of the horizontal piping in 5422 thru
the heat exchanger area. This account also includes the
BFW circulation pump and all steam piping between the heat
exchangers. The cost should include insula-
tion, trace heating (of salt lines), valves and controls
and installation of the piping and BFW circ. pump. (B)

5463 Steam/water circulation equipment is defined as the water/
steam piping from the outlet of the boiler feed pump (5830)
to the heat exchange area; from the HP turbine '
extraction to the reheater; and from the reheater and
superheater flanges to the turbine inlets. Includes insu-
lation and installation. (G&H)

5464 Heat exchanger foundations includes all foundations, tube
layout area, etc. (G&H)

Design and Engineering for all equipment in 5400 (MM/B/G&H)
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Attachment 2

5500 Master Control (MM)

5600 Nonsolar Energy Subsystem S

5700

5611

5612

Fuel storage includes the cost of the main fuel day tank, oil
tank, and installation only. (G&H) o

Fuel feed includes the cost of the transfer pump and- feed pump,
valves.and controls, and piping to provide the fuel o0il from
the storage tank to the salt heater. Also inclndes fuel

- preparation, 1.e., the fuel oil heater, condensate tank, oily

5620

5650

water tank and the steam lines for the fuel o0il heater. (G&H)

Salt piping/pumps includes the cold salt piping from’'the main

cold salt line in 5462 to the salt hcater; Lhe off~temp bypass

line to cold sturage tank; and the cold salt booster pumps,

controls and valves (if required); and the hot salt piping from

the salt heater to the main hnt salt linc in 5462, Insulation,

heat tracing and installation for salt piping should be ineluded. (E)

Foundations in this account are only those foundatlons required
for the fuel storage tank and fuel feed subsystem. (G&H)

Energy Storage Subsystem

5710

5720

5750

5760

Media vontainment equipment consists of the cold storage tank(s),
hot storage tank{s) and the drain tank(s). Included in this
account is the field erection of the tanks aud the 1nterna1/

external insulation and installation. (B)

Media circulation equipment includes cantilever hot salt pumps
and sumps, valves and controls. Salt piping in this account
includes the salt piping that is necessitated by having storage
and is not included in 5462. This would include the
piping from the hot tank to the hot salt pumps. Inaulatinn aud
instullation of pumps and piping is also included. (B)

Foundations - Foundations for the storage tanks and
cantilever pumps are in this account. (G&H)

Media - Storage media cost 1ncludes that amount of salt in the

storage tanks; the hot line to the sump and the sump at the
design point. (B)
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5800 Electric Power Generation Subsystem

5810 Turbine building - This account is for the cost of the turbine
building and foundation. The turbine building includes adminis-
trative offices (5211), control room (5212) and storage and
maintenance areas (5231). (G&H)

5820 Steam Turbine Generator, including accessories. (G&H)

5830 . Feed Heating and Condensing System consists of: ‘the feedwater
heaters, the FW heater drain pump, the boiler feed pump, the
condenser and condensate pump; piping from the turbine extraction
points through the FW heaters to the boiler feed pump, and piping
from the turbine extraction points thru the condenser to the FW
heaters; all instrumentation and controls, valves, insulation
and installation. (G&H)

5840 Water treatment and condensate makeup system. Includes such
-equipment as clarifiers, demineralizers, water pretreatment,
etc. (G&H)

5850 Cooling tower system includes the cooling towers, circulating
water pump(s), and piping to and from the condensers. (G&H)

5860 Electric Plant Equipment

5861 Switchgear (G&H)
5862 Station Service Equipment (G&H)
;5863 Protective Equipment (G&H)
5864 Power Wiring, Electrical Structures and Wiring Containers (G&H)
5870 Air Quality Control
This account includes all equipment associated with air quality
from the salt heater; 1.e., electrostatic precipitator, fans,
~ controls, instrumentation, the stack, stack toundation, stack
lighting, waste removal, etc. (G&H)
5890 0il Fired Heater System

5891 0il fired salt heater includes only.the cost of the heater,
heat tracing, and field erection. (FW)

5892 Air preheater and FD fans includes all auxiliary equipment
such as preheaters and FD fans that are not part of 5891 (FW)

5893 Heater system foundations include all foundations reqﬁired
for 5891 and 5892. (G&H)

-5894 Instrumentation and controls associated with operation of
the oil fired heater. (FW)
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ATTACHMENT 3

DEFINITION OF INDIRECT COST (5900)

5910 . Indirect Field Construction Costs

5911 Temporary Construction Facilities

Includes: Temporary buildings, sheds, trailers, work
areas, bays, roads, walks, parking, signs, railroads,
unloading docks, utilitieé, personnel protection, camps,
cleaning services, maintenance serv1ces, utility bllls,
and site maintenance.

5912 Construction‘Seryices, Supplies and Expenses -

Services:
Includes: Cleanup, nonproductive time, medical examina-
rions, doctor's faees, move on and off, and constructlun’
equipment maintenance and servicing.

Supplies:

Includes: Welding rod, oxygen, aéetyleﬁe, rags and other
consumables.
.-

Field OLflce Supplies:

Includes: Office machines, telephone, telegraph, postage,
computer rental, stationery aud furniture.

5913 TField Staff, Labor Expenses

Field Staff:

Includes: Superintendents, field engineers, cost engineers,
field administration, warehouseman, purchaser, nurse, safety
engineer, timckeeper, accountant, th:lkb, Q/a control,
watchmen, and security service. .

Field Staff Subsistence:
Includes: travel, subsistence, transportation, and reloca-
tion for field staff.

Field Staff Burdens:

Includes: Vacation, sick leave, and holiday allowance.
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Attachment 3.

5914 Field Craft Benefits, Payroll Burdens and Insurance

5915

Field Craft Benefits:

Includes: Required contributions to funds for vacation,
welfare, education, apprentice, retirement, holidays, etc.

Field Craft Travel, Transportation or Subsistence

Payroll Burdens for Field Craft and Field Staff:

Includes: Social security,'WOrkmen's compensation,:
comprehensive PL & PD, state unemployment insurance,
federal unemployment insurance. .

Insurance:
Includes: Builder's risk, performance bonds, and marine

insurance.

Equipment Rental

Construction Equipment Rental
Special Equipment Rental
Small Tools

NOTE: Special rigging equipment included in the Direct Fleld
accounts.

5920 Engineering &.Management

5930

5921 Engineering
Plant Engineering —.prlme contractor to de51gn plant, sub-
contract construction, and startup plant.
5922 Equipment frocurement by'frime Contractor
5923 Construction Manageﬁent b;‘Prime Contractor
Contingency
5931 Construction Cost Contingency:

These represent normal construction uncertainties in an
estimate which is based on a given design.
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e

wer, 4 | MANHN!IRS MATERIAL $
SUB-TOTAL ?9// 414 573
DESIGN DEVELOBMENT 20 % /9285 £2 €75
TAKE-OFF FACTOR Yy 270 4/ 440
OSHA + QUALITY CONTROL FACTOR § 49 26920
MISC.: PUMP PIPING, VENTS, 2/ Zoo g29%0
DRAINS, NIPPLES, ETC.
FIELD DETAILER
WELDER QUALIFICATION , %/ . 0o o/ <
ez I3 Y8y
g
BOLTS & GASKETS o ,, - 20
END PROTECTORS —
SPOOLS
/SPQQL
|
| A L
Mise . TP | 3770 |- /54740
Issue | Date ; By , Chkd - Est. No. _& 657/
/124521 i -

Mhire Mwerr

AecT ¥ SHry/

J=45

Acct./Sheet C _ 4 of S



BADGER

SUMMARY SHEET CALCULATIONS

1

v

WGT. MANHOURS MATERIAL §-
HANGERS & SUPPORTS | i ' Ty
358 OF SUB-TOTAL + MISC. + MM WEP.AC/CS $780 &7000 |
MaATcH © 14 pnlha ' | !
Q MH'S/TON i i
| 1
SHOP PAINTING | —_ — i
|
COLOR BANDING ; | |
FREIGHT — 1 2P s00 |
N |
FIELD X=RAY ree ¢ u> @@o DY 38 0 " 17 200 3
T | .
‘. |
—_ :
. STRESS RELIEVE l |
| i
| I
PICKLING : :
) l i
] f i
TESTING S 7, ST mmme /303 | L8 | -
| ! X
5 ! | |
STEAM TRACING i | i
! | f
g ! l |
UNLOAD & STORAGE HANDLING g .o oo | 1 P l 2
| ? z
i s
REWORK SV sT 291 i i 49¢
Issue ; Date ; By, Chkd Bst. No, &£ & 597
[ —_—
i ’ Acct./Sheet ¢ S of (

%Zﬂ %1/&47%‘ L

Nec7 ¥ SH=(
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® He 9. T FTEs
- " . WEICHT MATERIAL FAB. LABOR COSTY FIELO M
QUAKTITY | sizE DESCRIPTION UNIT | TOTAL uNIT TOTAL | UNIT | TOTAL | umT | —ToTal
) ’ ' 1 Fiedo
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Me & £r s d

N T WEIGHT MATERIAL #AB. LABOR COST FIELO M M
QUANTITY | 3I1ZE ORSCRIPYION UNIT | TOTAL | UNIT | TOTAL | UNIT | T0TaL | UmT | ToTar
_ ey Qo
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~_'CONSTRUCTION COSTS

CLIENT
LOCATION : oot
PRQUECT 8Y CHKD APVD
A ) MANHOURS COST/AUNIT COSTS { )
~O. {TEM & ODESCRIPTION QUAN. {UNIT| PER | suB sua.
. uniT 'TOTALl RATE [LABOR IcONTR.! MAT'L. | LasOR ! cowtRACT | maTEmIAL TOTAL
[ e - g 1
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cl . . ’
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BADGER

CODE POSITION DESCRIPTION Unit|Quantity| 1 (iours) [M (Mat'1)$ | L (Labor) | total §
1]12[3]4!516]7]819(1d11{12] TOTAL CARRIED FORWARD?2#e’ %> _
LARGE BORE 3" # up %% /% 2797 | 1787587/
SMALL BORE 24" + DOWN _ ¥
CONTROL & SAFETY VALVES
. . ] _ ,
‘o I\ BELOW GRADE PIPING - -
clsl STRAM_TRACING - -
1 ) | _SUB-TOTAL . 271976 178757/
¢ [ v | { misc. 10 635 66/ 945
ciM T SPECIALS ~ -
SUB-TOTAL 338 1! 2449 St
clu 1INNGERS & SUPPORTS t3%o0 | /187000
T 1o S1 TESTING 930 | -
n
o
cird 1 UNLOAD & STORAGE HANDLE. 7900 -
T REWORK T4 o0 -
clx i1 Ix-ray sovsvss-nerteve N N 7Y 28000
clo : SPECIAL CLEANING & PICKLING
c | W FREIGHT /122 0o
; JOB_FACTOR 257 s830/ /14 590
| TOTAL SHEET 22951 2788 01c] 778742
TOTAL _ACCOUNT 2 788000 | /787 Geo| 2915600
DIRECT
SUBCONTRACT
' e "C" ACCOUNT SUMMARY SHEET
Client '#4.'/7/\/ %ﬂ(fﬂ'/ : Issue Date ; By jChkd . . ) Est, “02___€.5_rf_/__
] o 7 PR WX
Plant Scrac oo :
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BADGER

MISCELLANEOUS CALCULATION

ee7 # Sfrb

_ 1 WGT. # MANHOURS MATERIAL $
SUB~TOTAL 27 276 S 787 £7/
DESIGN DEVELOPMENT 20/ 555 357 5:S
TAKE-OFF _FACTOR 10 7, 2R00 /7% 760
OSHA + QUALITY CONTROL FACTOR - 7, Jdoo P9 230
MISC.: PUMP PIPING, VENTS, > 7, 560 3¢ 75¢
DRAINS, NIPPLES, ETC.
. FIELD DETAILER — —
WELDER QUALIFICATION /-’; 280
BOLTS & GASKETS 40
. END PROTECTORS ;_ —
SPOOLS
/SPOOL
Jisc . TOTH /0¢85 i 66/98F
' . Issue | Date | By , Chkd Est. No. £ &59/
y YR
(a2 7in /%A{/KW Acct./Sheet C  of S
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| wer.
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MANHOURS MATERIAL S
) e afp— w———— = — - - = —‘;
HANGERS & SUPPORTS : ] i i
35 % OF SUB-TOTAL + MISC. + MM WGT.MHAS ! /2%60 ‘ /189 oo |
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e MH'S/TON o P i
; 1
SHOP DAINTING S e !
! |
' COLOR BANDING | |
' i
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. F] -~ -
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STRESS RELIEVE | —_ 2
| i
o )
]
PICKLING e —_— i
- H
. {
o H 1
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! !
STEAM TRACING f
i i
| {
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| | !
. . ! ;
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i .
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CONSTRUCTION COSTS

e

CLIENT
LOCATION —_ -
FROJECT 8y CHKD APVD,
";;c" MANHOURS COST/UNIT COSTS ( ‘ )
an. ITEM & DESCRIPTION ouan. lumiT| Pea | T SUB | sus -, - :
e UNIT TOTAL! RATE | LABOR | CONTR. MAT'L. LABORA CONTAACTY MATERIAL TOTAL
§431 | Voekivg Mevin CosT
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BADGER

CODE POSITION DESCRIPTION Unit|Quantity| H (tlours) |M (Mat'l)$ |L (Labor) Total $§
1{2)3fa]s[6[7]8]9]1q11[12}] ToTAL CARRIED FORWARD
LARGE BORE 3" + UP 1w ¢/3 3128 2787
SMALL BORE 2L" + DOWN
CONTROL & SAFETY VALVES - —
'°__-L-._—._-__.._ —f—| BELOW GRADE PIPING = e
NER ") ] sream vracTng - -
.. B SUB-TOTAL 24T 2787
RN R MISC. /30 ;100
SERENENEERRNEETES - -
HERN SUB-TOTAL 477 EETE )
clu HANGERS & SUPPORTS /68 2300
ci EREN TESTING 2% -
c1d T UNLOAD & STORAGE HANDLE 2 € -
il it 1171 REWORR z o0 =
o 5 O O L X-RAY -§—STREES-REIIEVE /0 100
clH —] _ FREIGHT 200
HEER HER JOB_FACTOR 7.7 180
—4 g ———
TOTAL _SHEET 2917 (43} / 4' c073
TOTAL ACCOUNT tS500 14 600 2/ 100
N L4
DIRECT -
SUBCONTRACT .
"G " ACCOUNT SUMMARY SUHEET
Client / /;'47, //g//‘ (7Y — Issue ) Date ; By Chkd Est, No. £ £S57/
Plant “ola M 1[, D) £ e S ¢ P
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BADGER

MISCELLANEOUS CALCULATION

WGT. # MANHOURS | waresrae s
. e e e
SUB-TOTAL 342 - 2787
DESIGN DEVELOPMENT 20 /. 70 560
TAKE-OFF FACTOR 10 2, 35 220
OSHA + QUALITY CONTROL FACTOR & 7, )< )40
MISC.: PUMP PIPING, VENTS, 27 g g
DRAINS, NIPPLES, ETC.
FIELD DETAILER
WELDER QUALIFICATION ,7, P PP
{/, -~ Va Ys’
BOLTS & GASKETS — ’0
END PROTECTORS — —
SPOOLS
/SPOOL
]
Mise 7o TRe- } ! /30 | 7700
% Issue | Date ; Bw . Chkd Est. No. ¢ & 55/
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SUMMARY SHEET CALCULATIONS

/46677‘; S¥3%

i NGT. ' MANWOURS . MATERIAL S _
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i |
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: ' | i |
y
PICKLING | | -!
[ |
| |
TESTING 5 7, oTmue ¢21 | 25 - !
L , i ! !
) ! | |
STEAM TRACING I | i |
! i i
| i |
UNLOAD & STORAGE HANDLING ;- .= soo. | K 2 e ~ !
' ‘ ! | :
stbajc - S$7. s7 33» 20 i
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ALTERNAME  1oweN € SIMATE, woT useO
Gibbs & Hill, Inc.

€£9-r

Jo8 No, _11=2772-001 . . 100 MW SOLAR PLANT gNGINEERS. DESIGNERS, CONSTRUCTORS EsT. Bv_flc PAGE NO. 5"
NEwW YORK
CHKD. BY —————— __ SHEET NO. OF et
CLIENT MMSHPP Location BARSTOW, CALIF ESTIMATE DATE _%-% 79 APPROVED BY.
COST PER UNIT . COST
LABOR .
ITEM OH TOTAL MATERIALS suUB-
ACCT. NO. DESCRIPTION QUANTITY UNIT MAT'L. § SuUBC. ¢ MH’S $/HR MH'S. EXPENSES} CONTRACTS LABOR TOTAL
5440 Tower 165 m. H x44' dia. x
70 _dia.
Concrete-Floor Slab & Ring
Beam 100 cy
Wall 6280 cy
6380 cy | 6380 | CY 40 3 19140 55200
Rebar 200 1lb/CY 638 | TN 550 50 31900 B50900
Slipforms Including ‘ 25000 he67000
Scaffolding (40)
SUB TOTAL g 17.50 {76000 P73100 1333000210310¢(
'Indirect Costs 82600¢(
. Elevator A 15000¢
Gratings & Supports 22 37T 2000 100 17.50 2200 | 44000 39000; 8300¢
Obstruction Lights, Etc. ALLOW | . ‘ 3800(
(100)
—— $iv4Le  Towen TOTAL |- 3200001
m;ﬂ{lg Design Engineering ] ~ ) . v 25000¢
F.R?24 270




CONSTRUCTION COSTS

- CULIENT e s o,
LOCATICN o .
__PROJECT ., BY CHKD APVD.
e MANHOURS COST/UNIT cosTs { )
an | " )YEM & DESCRIPTION QUAN. fumIT| PER | 1 | sus | ' ws | i
I} . uniT lrotau aare | Lason Iconta.! mari .| LaBom | convmacy | matemad TOTAL
. ) 1
5450 | Tower Bowdanod N
: : : {
() fna S¥¥o, M, -373,850 Lo il
Siadin cosT comd | :
. . _ | _
#mw' ofrao + 1Y xig MW 1 T e l,!ﬂ,\do, 1,144 800 2,4 Boo
. o
H2) Gibas amo bru Tsnauvre, _ n.
S Powoimg shews T len ( ,’qgol‘,L) : (z'qoo‘)po > c z‘?ao,ooo) 3 .
= ’ i
t
DATE __ REVISION NO. REVISION DATE PAGE NO. or___.
REVISION DATE

REVESION NO,




ATERNATE TowER FRunDAN A eﬁl«m M vSED .
Gibbe & Hill, Inc.

0B no,_ L172772-001 100 MW SOLAR PLANT gngingeRs, DESIGNERS. CONSTRUCTORS EST. By__ale PAGE NO. b
NEW YORK
CHKD. BY SHEET NO. OF ——
CLIENT MMSHPP LOCATION BARSTOW, CALIF ESTIMATE DATE _3:3>-1%  APPROVED BY. i
COST PER UNIT CcosT
LABOR
ITEM OR TOTAL HATERIALS suB-
ACCT. NO,. DESCRIPTION QUANTITY UNIT MATL. § SUBC. §$ MH'S $/HR MH'S EXPENSES] CONTRACTS LABOR TOTAL
5450 Tower Toundation 180'
Across Flats
Concrete 7890 CY 7890 | CY 40 1 17.50 17890 B15600 139075
Rebar 150*/CY, Anchor Bolts| 590 | TN 550 35 17.50 20650 B24500 361375
Forms (Reuse) 5000 [SF_ §100 _0.35/17.50 | 8750 Psgon 153125
Excav. & Backfill 15400 { CY .5 112.50 7700 - 96250
[y
1
o‘ _
b Premoulded Expansion Joints 1|Ls - 17.50 860 § 20000 15000
(100) (175) _
TOTAL 9380 | CY 85000 765000 1}50990

F-R?5 2.70




CONSTRUCTION COSTS

CUIENT
LOCATICN ) )
PROJECT , 8Y CHKD _APVD.
e , 4 I MANHOURS COST/UNIT COSTS ( )
iy “ATEM & DESCRIPTION auan. jumt| PER | | 5UB | s
. ) UNIT 'TOTAL' RATE | LABOR |CONTR.! MATL. LABOR CONTRALY MATERIAL TOTAL
) . ' )
5460 saar [srERm bewsranIR 5
: !
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. ! | '
— b b
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& Tome A-/LA Yo |8a 1,306,600 | 258000 13397 | U 903,748 -
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CONSTRUCTION COSTS

REVISIONNT = REVISION DATE
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LOCATION . o
.. PROJECT . 8y CHKD. __APVO. _
m MANHOURS COST/UNIT COSTS. (__ )
g ITEM & DESCRIPTION auan. jumit| per | | ] sus | sus ’
UNIT TOTAL' RATE | LABOR |CONTR.! MATL." . LABOR 1 CONTRACLY MATERIAL TOTAL
- - !
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TRsTIL AT :
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- (prvom L) Yoo |¢as | 1100|6000 ¢8o0 L Lo
oL 436,800
|
DATE __ REVISION NO. REVISION D.ATE ’ PAGENO. ______OF




cuent CONSTRUCTION COSTS
LOCATICN -
PROJECT BY. CHKO APVD.
A . MANHOURS COST/UNIT CcOSTS ( )
#O. ITEM & OESCRIPTION auawn. fumit| pen - | ., 5UB | sus
: UNIT TOTAL' RATE | LAGOR i CONTR.! MAT'L. LABOR | CONTRACY MATERIAL TOTAL
5Y1 | (eenr ) | B I
€3 | 103 Stham Svpcrueniz : o '
(14300 Fr’) 1 o ! ’ e !
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| st 0¥
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& O TT 10} Snom REHEATI 1
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e CONSTRUCTION COSTS
LOCATICN : : , S
- .. PROJECT , - 8y . CHXD —APVD..
e | MANHOURS COST/UNIT cOSTS ( )
D we ITEM &.OESCRIPTION auan. fumitf pea | T sua | sus |
e L uniT [TOTAL AATE | LABOR ICONTR.| MAT°L | ' LABOR .| conTmacT | maremaL YOTAL
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BADGER
CODE POSITION DESCRIPTION Unit]Quantity] N (llours) |M (Mat’1)$ |L (Labor) | Total §
1)2]314}5]6)7]8]9]1011{12] TOTAL CARRIED FORWARD 343 <ty '
LARGE BORE 3" + up '> 1 45 6 ) 124 813
SMALL BORE 24" + DOWN
CONTROL & SAFETY VALVES 27
KRN | | BELOW GKADE PIPING e
SERER _| | sTeam TRecing =
N _t_ SUB-TGTAL 47870 /24393
ci | _|_|misc. /1740 47 280
IGEREREEEEREE TS -
1 HEN SUD-TOTAL ¢322 772 10>
ClH HANGERS & SUPPORTS 2210 3 oo
clt 5 TESTING 3/ < -~
T 1 UNLOAD & STORAGE HANDLE 320 =
TR REWORK 2 H pus
R Erargerr 7Y MTEYY
A DT | Seectar ciemme & erexiang
c | w 1 FRETGHT Yccoo
. -
—{_|_{ 0B FACTOR 25 7, 961 2485
T0TAL SHGET 12 427 225 ¢63 2oz A1
\
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DIRECT
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Client %/n/’..‘/ ////9[/,:',7}'7 Issuc  ;Date , By Chkd Est. No. £ £ S7/
4 . ¥ 1744
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Subject A v 462 S . Pago o e >
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DESIGN DEVELOPMENT 20/ 2¢8 24 975
TANE=QFF FACITIH A £59 * _ /3 dsup
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650 23 o= Hl” lnc.

oeno, 11-2772 BESCR. 100 MW_SOLAR_PI aNTswcmsens DESIGNERS, CONSTRUCTORS £ST. By fle . PAGE NO. _0
ORK ’ ’
‘ New ¥ CHKD. BY SHEET, yo. OF

ILIENT _MMSHPP LOCATION _BRRSTOW, CA. . ESTIMATE ' DATE __ 3-3-1%

== 2 - = I RTE

COST PER UNIT COST
LABCR

ITEM OR . TOTAL MATERIALS sSuB-
ACCT. NO. . DESCRIPTION : QUANTITY| UNIT MAT‘L. $ SUBC. § MH'S - B/HR MH'S s EXPENSES | CONTRACTS LABOR - TOTAL

5463 PIPING, FITTINGS, HANGERS

FABRICATED ’ 1 LOT : ~7.50¢32000 |350000 __-1560000 {910000
VALVES ] 3 LOoT INCL, ]466000 - 466000
INSULATION ’ o LOT 17.50] 5370 s4000| 94000 {148000
PAINT 1 LOT 17.50} 4000 ] 13000 - 70000 | 83000
— _ )
_3 “TOTAL A/C 5463 - ' 41370 1883000 724000 {1607000

5464 |FOUNDATIONS

70" x 70' x 3' = 544 CY 550 cYy 100, 10 5500 {55000 296000 [1'51000
Data by Badger ‘ -

F825.8.75
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cumnr B CONSTRUCTION COSTS
LOCATION ' - "
. __PROJECT - , 8y CHKD APVD.
e , MANHOURS COST/UNIT COSTS ( . )
iy ITEM & DESCRIPTION auan. luniT| PER | i sus | sus |
- : UNIT. 'TOTAL! RATE [ LABOR IcONTR.! MATL. | Lason | contract | matemar TovaL
. ' : . 1
5470 Deston arp Engivernans B -
. : <
Sho ReCawom yniy 3
. 1
Deston. 300 tux shis x 55 mh[sdt ISt | 30.00] - - 4aS,5r F‘?S::i :
s . B0, op dusigA Sove|30.0¢ 159,000 49:,”0.
Hichin: 20 ~fm $333 .00 WM aid (oo, :
oo 150, 00° 150,800
MM CoST HnALSHS DATR ‘
5420 Aewo P"#;as(') 3 115,0m 1 oo
5%3» QM? - DA - . - —_—
L BWo- S  pwer leos, ev koo, 500
Stndia  Thwen GrsT €N
Gy
- 5440 SpLr- Stonm Gewzmmll‘_ 1, #5000 L oro,000
(1) Badben, 61685 Avo wuk
TUTERARL TR
o s¥70 2,615,070 | Loo,0oe 3,138,600
OATE . AREVISION. NO. REVISION DATE PAGENO. ______OF _____
" REVISIONNT —__ REVISION DATE
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cuent CONSTRUCTION COSTS
LOCATION ‘
__PROJECT. 8Y CHKD. APVD,
m' ' l MANHOURS COST/UNIT . cosTs L )
NO. IYEM & DESCRIPTION auaw. Junit| rer | : sus | sua. | , -
_.'7 ) UNIT .TOTAL! RATE | LABOR |CONTR.! MATL. LABOR CONTRACT | MATERIAL YOTAL
. Ssm ¢“;n‘“. — " - ' { ' g
MTE)\ M—} poerd: MOl wel anwdoep N SIOC i
: 1
H | znsmumenss pe k.fam RIETE : L :
. PN Lonmuse SUASUSTEM- ()] 1 e U, 810 v, 8ro 'I}M,éwi"
R | em acousmod sussysrm @4) | | Jea 132355 31,385 | (32,36%]
¥3 | hewsomr Anasd Mmé%.)f I ea c/m.,g,.) (_.4«.,495’) .
. » ' Jyh 1S
N | soFmupes - Pes } 2 enovo ¢ | 1ep. oo
45 | swrwms -oas  § B0 [ {wr 150,00 , L
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< 1omMe SSD : )
e 2]
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:Master Control Hardware Equipment List

J-79

o : : : Cost (§) C
Model No. Description PCS DAS HAC-
o MODCOMP
- 1862 Classic Computer (131 KB Memory) 45,850 45,850 45,850 -
3765-27 Disc/Console Controller 12,400 12,400 12,400
4850 Multifunction Controller (2) 3,610 3,610 3,610
. 4852-1 Card Reader Controller 3,970 - -
4862 Port Option for Card Reader 825 - -
-4906 Peripheral Controller Switch - 3,090 3,090 3,090
4911 Peripheral Control. Sw. Encl. 2,500 2,500 2,500
4701 Interval Timer 1,030 1,030 1,030
4611 CRT Console Device 2,010 2,010 2,010
4411-2 Card Reader (300 CPM) 5,310 - -
4426 Online Card Punch 22,600 - -
4217-1 Electrostatic Printer/Plotter - .. 16,500 -
'4157-1 Magnetic Tape Unit (9-track) 19,800 19,800 19,800
4137 Rotating Disc (10 MB) 9,275 9,275 9,275
4820 MODCOMP-MODCOMP Parallel Link : ‘
' (DMA) ' - 4,120 -
1300-1 Analog Input Subsystem 6,300 .- -
1309 Analog Input Expander - 5,680 - -
-1310 MUX Gate Card - 930 - -
1905 MUX Controller 1,240 - 1,240 .-
'1910-XXXX  Communications MUX (12) 30,960 - 30,960
.0001 Cabinets (Misc.) 1,190 1,190 1,190 -
- Standard Software I 2,500 2,500 2,500
- Licensed Software o - 2,100 -
02XX Cabling ' . 2,000 2,000 2,000
820 KSR with Printer i 1,900 1,900 1,900
AYDIN _ . . ;
- Color CRT with Graphics 1,850 . - 1,850
CONRAC | R
(- Digital Displays (CRT) 25,000 - 25,000
TOTALS 211,820 132,355 146,185
Specialized Software 750,000 -



CONSTRUCTION COSTS

CLIENT
LOCATION
__ PROECT ~ ay CHKD, APVD,
' Nc MANHOURS COST/UNIT COSTS ( )
vy IYE9 & DESCRIPTION auan. |umiT| e | i su8 | sus
- UNIT TOTAL RATE | LABOR | CONTA.! MATL. LASOR CONTRACY MATERIAL TOTAL
Seoo | Bon-Sovan. Chiosy  Nbwsmon : :
SUam A S T
H I
 Flo U 34,800 3300 | 510 | thsg, 840
-
sezo (9,088 30,5% | 39,60 |362,7% | 973,2¥0
SLsv 1éio e 1Y, 952 73,950
] )
o L A/c oo 23,9%] 397,300 | 371%.00¢ |444d, 490 | 1,235,990
&) .
o
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108 No. __1172772-001 100 MW SOLAR PLANT gNGINEES. DESIGNERS, CONSTRUCTORS ° EsT. BY__Alc PAGENO. B
" 'New YORK .
. . . CHKD. BY SHEET NO. OF e
CLIENT MMSHPP LOCATION BARSTOW, CALIF ESTIMATE DATE _3-12-79 APPROVED BY.
COST PER UNIT COST
LABOR- i LJ
ITEM OR : : TOTAL ATERIALS suB- .
AZCT. NO. DESCRIPTION QUANTITY UNILT NAT'L‘. s SUBC. § MH’S - $/HR MH*’S l EXPENS CONTRACTS L LABOR TOTAL.
. 5610 Fuel 0Oil Supply System
5611 Fuel 0Oil Storage
625,000 Gal Cap 55diax36'H 2 | EA 125000 250000 |
In-House Data
5612 Fuel Oil Pump House 20'x25} 500 | SF 50 25000
5612 Fuel 0il Preparation & Feed
Fuel 0il Pumps 70 GPM w/5 2 | EA 2000 75 17.50 | 150 4000 2600
o Motor .
& Fuel 0il Transfer Pumps 2 |EA 4000 150 17.50 300 8000 5300
- 140 GPM w/10 HP Motor
Fuel 0il Heat Exchanger 100 1 |EA 25000 150 17.50 150 25000 2600
5611 Fuel 0il Day_Tank 1l [ EA 60000 60000
100,000 Gal, In-House Data )
5612 Piping Valves Fttgs, Suppo 1 | wor 17.50 | 1500 § 20000 26300
& 011 Heaters ey
F.825. 279
ToThe 5610 2o §57000 1335000 | 3¢ 800 kheeo
4 F-825. 2-79
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_ CONSTRUCTION COSTS

CULIENTY
LOCATION
PROJECT 8Y CHKD APVD.
A , l MANHOURS COST/UNIT COSTS L ' )
NO. ITEM 8 OESCRIPTION QuAN. |umiT] PER | 1 U8 | sus |
| UNIT 'TO~AL! RATE | LABOR IcONTR.! MATL. | LABOR | cowTmact | martemar TOTAL
. . * ¢ A 1
§610 Spur Ppes e Fimps
. . i
PP10Y B FT Humren ﬂmmf L |
; T
eco kp ! B
el ] QuiE: faucic sz Y343
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Bn«x,‘mpv AR LA S
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(ver packvp shan) _
k | zasanod ! Lo‘IJ 3i00 | 1438 50,800 50,20 5D, d00 5v,760 (01,500
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BADCER
CODE POSITION DESCRIPTION Unit{Quantity] B (llours) M (Mat'1)$ | L (Labor) Total §
1{2[3]4]5[6]1718]911011{12] TOTAL CARRIED FORWARD 7% /s , -
LARGE BORE 3" + up IZ'7 *1 9276 708254
SMALL BORE 24" + DOWN ~ 5 600
CONTROL & SAFETY VALVES o =
_ N :
SR BELOW GRADE PIPING - n
cls STEAM_TRACING - -
-1 SUR-TOTAL $3i5 /08 NS ¥-
c|w 5 MISC. /1¢40 41 765
— g o ] G J § e e —
clmn _ || SPECTALS - -
T _ SUB-TGTAL S57s¢ (5049
cln RERRE IANGERS & SUPPORTS 2085 29 200
c 11y ] 11517 || | TESTING J00 -
Tl 1 | UNLOAD & STORAGE HANDLE 308 -
e § e T“— ——p e § e |} —f -
(ot OE - [~ REWORK 275 =
HREREER X=RAY &—SPRESS—REIABVE /40 3%co
el o _SPECTAL CLEANING & PICKLING
E.'__kg a ; FREIGHT /%00
1 JOB FACTOR 35 7 F0u0 2250
-1_TOTAL SHERET 1l 150 19/ (49 /83150
TOTAL ACCOUNT 191 200 /83 200 74 4ov
DIRECT
SUBCONTRACT

Client L///MTIV %I (=774

"C " ACCOUNT SUMMARY SHEET

Isgue ,Date ; By jChkd
Plar® STl (FyeTentd Z VECNE W73
SUbSuct Leer ¥ 5620 \

Est, No. ~ / S?2/

Page _;c_

)/ _ of{'_



BADGER -

MISCELLANEOUS CALCULATION

wer. ¢ . | MANHOUPS MATERIAL S
SUB-TOTAL 4318 /08 §o 4
DESICN DEVELODMEMT 20/ £es 21 728
TAKE-OFF FACTOR’ YA 430 10 9590
OSHA + QUALITY CONTROL FACTOR & J* ) 215 2Ty
MISC.: PUMP PIPING, VENTS, P £ 3,80
DRAINS, NIPPLES, ETC. ~
FIELD DETAILER
WELDER QUALIFICATION 4. 27§
/s cesq-
BOLTS & GASKETS _ oo
END PROTECTORS
SPQOLS
/8P0O0OL
l
Mice Toiwt . /440 | 41765
. Issue ; Date y By , Chkd Est. No. _ £ £S9/
~ 2 T T 7
%M/Nu %ffﬂ"(/7ﬁ ’ Acct./Sheet € _ & of {
,/ccrrf Sé20 3-84 3
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SUMMARY SHEET CALCULATIONS ° . :
. ¥ v
| WGT. ! MANHOURS - MATERIAL §
HANGERS & SUPPORTS ) ‘ . [
2€ A OF SUB=TOTAL + MISC. + MM WaT.mM : : 208 | 22200 !
‘ MAT, o & 14, min : i
e ‘ MH'S/TON | |
] | i
_SHOP_PAINTING ' ‘ I —_ T i
COLOR BANDING . : I |
FREIGHT | o 700 |
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157§ 0 6o * - T :
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. ' e |
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‘ I Cq i
. | i
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i
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P i
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| i i
: . | !
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' | i 1
| * |
REWORK : ' < sr 43§ i 28
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WEIGNT MATERIAL FAB. LABOR COST FIELD & N
QUANTITY | $IZE DESCRIPTION UNIT | TOTAL | UNIT | TOTAL | UNIT | YOTAL | UmIT | TOTaL
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CONSTRUCTION COSTS
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LOCATION. -
_ PROJECT . BY CHKD APVD.
ore T B h MANKOURS COST/UNIT COSTS ( )
vy ITE8 & DESCRIPTION Quan. fuRiT| PER | i [ sus | s
prmven e — ] UNIT 'TOTAL AATE | LABOR |CONTR.! MATL LABOR CONTRACT MATERIAL TOTAL
. ' L |
5L50| Foundanons : |
Lia. O Tiwks - 38 ey 3 B
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ToTBL 50 |eq |25 {12858 |1.5D) 4319 ps | e (150 | 28,760
ChnnveN DIKE sw |t | 31150 |a9d] sus 35 | 11w 18, w> | 4<, W
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T
o]
[0}
; :
o"é — REVISION NO. REVISICN DATE PRGEND. ______OF ____
REVOSIW NO. REVISION DATE
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CONSTRUCTION COSTS

CUENT
LOCATION ‘
PROJECT . 8Y ______-_CHKD._____APVD.
rc 4 MANHOURS COST/UNIT COSTS { )
NO. ITEM & DESCRIPTION QUAN. JumIT| PER | | sua | . sus
—— UNIT TOTAL RATE | LABOR ICONTR.! MATL. LABOR CONTRACY MATERIAL TOTAL
, ' ] ]
57100 Cnauy Shusse Svbsysmm .
Summ A T
P
570 Lo mrmment Eougy J15,em | 4132505 7015¥ 5,969,506,
S0 Caevano Eonp 2,047 wigdp | PhBee | 1,587,318 2097, ¢08
5180 FounNDATIONS Jo¥s,247 I, s%9,241
by .
5 570 mudh Gt | T eelob]
) .
Iy A
> 5170 Destinl and €hs, ' I,lagb,m 1, 259,007
2,169,350 | 5,199 012 | 12,63¢,006 | 20,00 4,¥2.8
|
DATE REV'ISD'ON NO. REVISION DATE PAGENO. ______OF _ __

REVISION N7

)_______ REVISION DATE



CuENT N . CONSTRUCTION COSTS

06-r

‘LOCATION
__PROJECT ~ : 8Y CHKD APVD.
'm MANHOURS COST/UNIT COSTS { )
vy ITEM & DESCRIPTION OUAN. |umiT| PER | | sUB | sus
. ) . UNIT 'TOTAL AATE | LABOR ICONTR.! MAT'L. LABOA CONTRACY MATERIAL TOTAL
, ] i : 1
57/0 MEDIA  LoNThA Mt EQVPMERT '
FI| o7 o005 9e'anv 57 4 ‘ ' IR !
: .5 -3 - 4 .
3 g TS for? | e Ty 1o Lt
Sovaec: (BT ' ;
17} ULATIN Pk
e ‘ + 2 9,07 159,134 m.w‘
19,428 &3% P00 fpr? .
scunee: kmsar Lerperomy
miL. Frido (er?
tom: b 3.8 [er?
(kesiere ?o\
fr s UL Leen , .
3,607 g™ /m,L : Vi3 erT| S [Bel]1500) 255 - |34 | 4as,e00 781,54 | t25¢,SH
oune . GuiTess
K3 &xibwiee wsvianon o :
P 138 /mwkfb'hawml By T 2315 33¢,5L7 3%, ST
03t (1190 77 lramke 438i| Fr 441 153,483 (53,33
8" ppenoeass
Kt abaws
booT Bl w TP CET TWS. _ ¢
210631 11,335 Frt Jeanan 34,676 |FT 1.6 24,07Y U, 07
DATE REVESION NO. REVISIONDATE . PAGENO. _______OF _____
RE/ISION NO. —_— . REVISION DATE
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CONSTRUCTION COSTS

CLIENT P
LOCATION .
_ PROJECT d 8Y CHKD. APVD.
A MANHOURS COST/UNIT COSTS (_ )
"y ITEM & DESCRIPTION QUAN. JuMIT| PER | 1 suB | . sus |
S UNIT TOTAL AATE | LABOR ! CONTR.! MAT'L. LABOR CONTRACT MATERIAL TOTAL
Al TOML HoT TRNES z [cR Y1500 [ 210458 78/ S | & 02l 1233
Al lnd s 80 dax 631 L o ' !:
: 1,° 3 L o ' ;
T WA WA ﬂ'. x 178 /Pf 132x8 ¢r 1% ,1301(950 /‘3.1‘9:‘50
CAEL GuaE '
K| oxronnse msasnod '
pte 220 er? Jrnk (6 nassdsgo8 | e 34.80 23,190 29,19
Hous. 8510 er? /m (e"amw%n,ow eF .70 114,08 (tY, 0¥
Sl wbtins (5065 w‘v)
17,10 re /rm»L wevo lfr” .08 79,91 70,492
7o wmd Teals T | ow 1838 {18363
F3 T smr sump’ Anow 259,600 250, 0T
(Arocen Flm)
L 50 $15000 | 4132, 78,5¥ 5,984,506
OATE —~ REVISION NO. REVISION DATE PAGE NO. [+ | .
REVISION NC. REVISION DATE




CONSTRUCTION COSTS

CLIENT -
LOCATION -
__PROJECT. — . 8y CHKD __APVD.,
N,_" ' MANKOURS COST/UNIT cosTs ( )
iy I6M & DESCRIPTION auan. Junit| PER | sua | sus
S UNIT TOTAL! RATE | LABOR |CONTR.! MATL. LABOR CONTRACT MATERIAL TOTAL
) t ' 1
ST | kidia  chdaned CRvpmenT N :
el | PPio3 itor Sprr fimp oy
QuoTt: LAWREML Pusf A
1, 6% Tl | YSB | oo | 17.00] TS0 o 15, %00 113,348 | V38, v¢8
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e (s ppckip sherss)
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ki znsvianed
9" puck , 16 ppe 9y | [2r|rar [038] dose Vo5 | B wée | MIv
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€ | ELetpucte Macng Buy | f 0.0 25,860 4, 860
Quart ! THELMON : _ .
' Lo8
oM 5720 2107 Yoy 35v | 25060 | 1687,8 | 1057,
OATE REVISION NO. REVISION DATE PAGENO. _____OF ____

REVISION HO.

REVISION DATE

|
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BADGER.
CODE TPOSITION DESCRIPTION ynit|Quantity] N (llours) {M (Mat'l)$ | L (Labor) | Total $
1[2{3]14]5[6]7}8]9]|1911]12] TOTAL CARRZED FORWARD 715 -/ . '
LARGE BORE 3" + up 2472 411256
NS T T T seann ok 257+ hoWN 3 o
U T T corrron” & SAFETY VATVES -
BN VRO T UG N U IS0 O N S |
o o o) o oW GRADE PIPING - -
— e - 4= —8—1 - ] —
Sl o _STEAM TRACENG —
i
t _ —_- : ol SUB=TOTAL 4477 4/355¢
oo I O O L O T 7705 | /54190
i O O O e . :
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. E . RERE : i FRETGHT 2f oo
T T I 1 3on racor 25 % 7517 23¢0
] S . -
R . ‘
TOTAL _SHEET 11795 3283446 /92 0?. 3
TOTAL ACCOUNT . (22 800 /192 0cun Fod Vo0
DIRECT Aopl 18 Vil e j9.300
SUBCONTRACT
/ iy "C" ACCOUNT SUMMARY SIIEET dse gaj e
y Y ' ’ »- ey
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BADGER

© MISCZLLANECUS CALCULATICH

T
woT. 8 ! MANHOURS .} wATERIAL §
SUB-TOTAL 4 - | 457 L15 £,
DESIGN DCVELOPMCNT 2o /s £y S £2 7:0
TAKE-OFF FACTCR A 450 4/ 2535
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Issue ; Date Bv Chkd Est. No. L gZrs
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‘BADGER

SUMMARY SHEET CALCULATICHS

Jhecr s S
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He 9 er 5720

WEIGHT MATERIAL FAB. LABOR COST - FIELD M W
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CONSTRUCTION COSTS

CLIENT
LOCATION
PROJECT 8Y CHKD APVD.
Al MANHOURS COST/UNIT COSTS ( ).
iy ITEM & DESCRIPTION Quan. lumiT| PER | - | sUS | , sus
: , uniT 'ToTAL RATE [LABOR icONTR.! MAT'L. | LAGOR | contmact | mavemiaL TOTAL
. R ’ 1 1
§1sb] FounDATIons : Lo
bor mnes: 96 i ik NI
(+ 1PT oumor Tonk waw) '
7593 % [runn 1Sp8e |ec” 100 431491 | 431,491
Cad Tanis: 88 €1 Dup
L " |
Godr er Imk . 13,16¥ ool 25i0v 353,75 352,756
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[ e
L , o )
™ CovunG wanut. AVKILIAIES .
 fwew: 1 100,000 (00,57
DN Meow: 150, vo 1S3, 000
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CONSTRUCTION .COSTS'

CLIENT
_ LOCATION
PROJECT. , 8Y CHKD APVD.
el MANHOURS COST/UNIT coSTS L )
~O. ITEM & DESCRIPTION auan. jumit| sen I i i sus
, - . . "] UNIT TOTAL! RATE | LABOR- | CONTR.! MATL LABOR CONTRACY MATERIAL TOTAL
.- ) ‘ . 1
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CONSTRUCTION COSTS

CLIENT
LOCATION _
PROJECT :2 4 CHKD.. APVD.
-—;;c ' MANHOURS COST/UNIT COSTS (_ )
g ITEM & DESCRIPTION QuAN. lumIT| PER | { sua | sus
: s . | UMIT TOTAL AATE | LABOR IcONTR:! mATL | LABOR | conTmacT | maTERIAL TOTAL
. ' R 3 .. 1. ] N !
8760 |, meDik 817 [k b, lf - - o
; o f 9,&“,4(.7 ?‘Lu’ o)
» BT T
517 | Destad and Encgmicening Do
Pmen esnmar 28, 000 [ ;sb,aﬁ'
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\Vel
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DATE . REVISION NO. REVISION DATE PAGENO. _____OF
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CONSTRUCTION COSTS

CULIZNY
LOCATION
PROJECT 8Y CHKD. _APVD.
el MANHOURS COST/UNIT COSTS ( _)
%0, | {TEM & OESCRIPTION QUAN. {UNIT! PER -; i | sue ' sus :
- UNIT 'TOTAL) AATE | LABOR ICONTR.! MAT'L. | LABOR | CONTRACT | MATERIAL TOTAL
58o0] €Letme powen bencannd ' '
SYSTEN — SimmA : : i
s Ny
58i0 7(‘)&64‘”5 Buitdaig 1,573,000 llg‘)‘gl UD;)
5820 STewm TUASINE GeneRATR 160,100 1,456,006 4,003,250 |40, 0573, 0o
58%0 (LEDUCANNG AN EMDENTING 24674 502, 900 yHz,000 | 2,064,000
5840 Wator Tacamment 4nd - o
UNDENSATE  AUAKEUP - ) M 245] 250,000 500,000 15, 00¢ |
5850 60“"4”4 Towét SYTEMm 20,150 3’51” 000 | %00, 00 588,000 | 1,B%0,000
3@ bo Claenue fiﬂw’f €9¢le' §0,¢0 éw,ooo 1 1, 828,000 7,700, 000
. . . §
5870 A Quury Loimol 195> 3%,000 § (00,000 5650001 1,499,000
58 9% O, ﬁm M Hmﬂﬂ:ﬂ- 5,0 1,5/ 000 | 71%685’ 'L‘ﬁﬁ,?w 5,83“785- .
o,15§ 5, 518,000 |3, 852,085 (1,236,150 |1, ui1,038
' ’ {Fanee . monfecp
OATE REVISION NO. REVISION DATE PAGE NO. or
REVISION NO, REVISION DATE




Jom no. 11=2772-001 DESCR; 100 MW SOLAR PLANT ‘gnGingERS, DESIGNERS. CONSTRUCTORS EsT. BY__A)C PAGENO.D
: NEw YORK
CHKD. BY SHEET NO. OF ——
coieny_ MMSHPP Locarioy BARSTOW, CALIF ESTIMATE DATE _%:1%-13  APPROVED B.
COST PER UNIT COsT
LABOR [
ITEM OR TOTAL MATERIALS suB-
ACITe NO. DESCR!PTION QUANTITY UNIT MAT'L. $ suBC. § MH’S $/HR MH’S EXPENSES| CONTRACTS LABOR TOTAL
5800 Electric Fower Generation
System
5810 Turbine Building
J100' x 11C' = 11000SF x 50' 550000({ CF 2.70 1485000
{Machine Shrop & Warehouse 2500{ SF 35 88000
{50' x 50° ‘
. : 0,573,000 [ST3,.00
5820 Steam Turbine Generator
. 100 MW/120 MVA Straight
= Condensing, 1800 psig, 1] EA 8500000 23000 [17.50 {23000 B500000 400000
(o)
- 1000°F
w/Reheat to 1000°F, 2.5"HqA
Exhaust 0.90 P.F.
Quote GE Co. 8,500,000
.IConcrete Foundation 950| CY 135 18 |17.50 [17100 128250 300000
(Pedestals & Mat)
%w,sm o0, 0r0 |9 72,000
F-R2% 2.79




100 MY SOLAR PLANT

. @Gibbs € Hill,Inc.

108 NO. 11-2772-001 .= ENGINEERS. DESIGNERS, CONSTRUCTORS EST. By__RiC. PAGE NO. 1T
New YORKX
CHKD. BY SHEET NO. — OF—
CLIENT MMSHPP LocaTion BARSTOW, CALIF ESTIMATE DATE _$%1.%:-19_ APPROVED BY.
T COST PER UNIT COST
LABOR
ITEM OR TOTAL MATERIALS SUB-
ACCT. NO. DESCRIPTIONM QUANTITY UNIT MATL., $ SUBC. § MH*'S $/HR MH*S EXPENSES| CONTRACTS LABOR TOTAL
§8U | Znsmuments s Comec .
Tde Tudius ] teT 17,50 sdcd ¥ 1S5cst B7,5b0 |1, 308
2{C __Commst_BeindS { ui 11.5D 1.,5%0 | 150000 148,150 |44, 1B
Z4C  LewThae verves / wi /7.0 250 | fov o 43 758 |i¢3,15d
T
= P
9 3 Afe S8y yvoe_ 315500 350,600 | 125000
ip __B82o 9003150 1 250,505 | /6.0653 e

F.8525. 270




Gibbs & Hill, Inc.

Jo8 No, _ 11—2772-001 ... 100 MW SOLAR PLANTENGINEERS. DESIGNERS. CONSTRUCTORS £5T. BY___Alc pPaGENO.IO
NEw YORK

CHKD.BY — _ __ SHEET NO. oF—
CLIENT MMSHPP LocaTion BARSTOW, CALIF ESTIMATE DATE __%:1%-79 APPROVED BY
COST PER UNIT CcOosT
. LABOR
ITEM OR . TOTAL MATERIALS sSuB- .
ACCT. NQ. DESCRIPTION QUANTITY UNIT MAT'L. § SUBC., § MH’S $/HR MH'S EXPENSES| CONTRACTS LABOR TOTAL
5830 Feed Heating & Condensing
System
Condenser - One Pass 45000 §F
with 3/4" dia. 18 BWG Wall
Muntz Metal Tube Sheets & 1|EA 90000. 6000 90000
Admiralty Tubes
Condenser - , $300000
Tubes $2x45000SF 90000
o Quote: Marley $390009
- 40' x 240°'
<
b -
:Condensate Makeup
"Pumps 2 | EA 7000 150 300 § 14000
L.P. Feedwater Heaters
$#1 160 SF 1 21000 75 } 21000
. . 3400 1 85000 200 | 85000
#3 3000 1 75000 150 § 75000
H.P. Dittc
#5 850 1 27000 100 | 27000
16 2550 R 1 B 81000 . . : 200 ] 81000
47 6200 jo0000 | 350 J190000
In-House Data . ) - 7375 883000
F-828 7.70




GSilbho & i, ine.

e a1 e e o e

Snp,_ tEm2772-001 L -1CO MW SOLAR PLANT gng neiRs, DESIGNERS. CONSTRUCT ORS ST, Br__te PAGE NO. !
New YORx . e
CHKD, BY SHEET NO. OF e
1T MMSEI_PP LOCATION BARSTCE/, CALIF ESTIMATE DATE _S:1%:79 APPROVED DY
Eeve8-30-19
YT COST PER UNIT COosT
LABOR
M Jit TITAL AATERIALS suB-
T 0N niscn:PTION GQUANTITY uUN'T MAT LS SUREC. § Mi?Ss $/HR n-'s L XPLNSES| CONTRACTS LABOR TOTAL
828 IDeacrator 100 psiqg Dasigr 1l {EA 99000 €50 290000
§$ 830 iIn-House Data
Boiler Feed Pumps i
. §1100 GPM 1800 HP Motor 3 |EA 200004 525 _ 1575 §600000
In-House Data
Condensate Pumps
740 GPM 125 HP Motor 3 |EA 15000 200 €00 | 45000
g In-House Data - !
2 |
_ = Condenser Vacuum Pumd 2 |EA 900040 350 300 2180000
600 ACFM w/30 HP Moter ’
In-House Data
3525 [915000
Total from Previous Sheet 3375 1883000
17.50 [18%00 11798000 191000 1989000
Piping,Fittings ,Valvesr
Supports & Insulation 1 Lot . 17.53 [7770 1364000 311000 | 675000
TOTAL 28570 12162000 502000 | 2664000




ibbe & Hill, Inc.
s - - ]
so8 no, __1172772-001 ... 100 M7 SOLAR FTANT £NGINEERS, DESIGNERS, CONSTRUCTORS gsT. Bv__Rde, PAGE NO. 12
NIw YOoRK
CHXD. BY SHEET NO. . OF .
cuient_ MMSHPP Location BARSTOW, CALIF ESTIMATE DATE _S:1.%:19 APPROVED BY. :
O T
COST PER UNIT COST
LABOR J
ITEM OR TOTAL MATERIALS suUB-
ACZTe NOo DESCRIPTION QUANTITY)| UNIT MAT'L. $ SUBC, § MH'S $/HR MHK'S EX?ENS CONTRACTS LABOR TOTAL
5840 Water Treatment Incl. 1| ror 17.50 [10000 J350p00 175000 [516ci0
Piping ]
In-House Lata
Lom DN ST Supe { STINdtE [} coT .50 ¥38¢ | (SP.ovo 7§ |18, 000
TYSTEW
e e 58Y% 14185 fspeave 140,070 | 158 w0
(&
1
=
(o]
UI -

F-325. 219




CiSle & Hil, Ine.
100 MW SOLAR PLANT & = T

ENGINEERS. DESIGNERS. CONSTRUCTORS EST. BY__ 03¢ PAGE NO._'2>

11-2772-001
DES

B NO, SCR
NEW YORK
tuqo.av_____________sueeruo. e OF e
~
JENT MMSHPP LOCATION BARSTOW, CALIF ESTIMATE DATE _S::2.°75 _APPROVED BY.
Qe 8.%0.17 .
COST PER UNIT COSsT
LABOR ,
oM OR . TOTAL AATERIALS suB- - .
T+ NO. . NDESCRIPTION QUANTITY UNIT MATL. $ <UBC. § MH*'S $/HR MH’S EXPENSES} CONTRACTS LABOR :i’OTAL
5850 Cooliﬁg Tower System
Cooling Tower-Mech. Draft
Wood Construction 5 cells
‘Eaca_at 40' x 40' x 30'H, 1 | EA : 900004 900000
73,200 GPM 160G BHP/Cell :
Quote Marley F&E $900,C00 ,
Concrete Basin Incl. Earth
— -
L Work Floor 49 x 200 = 8000 .
— 5 :
° Walls 2(40 x 200)8= 3840
11840
¥ 1.5 = 177€0/27 = 657 660! Ccy 120 12 7920 79200
Circulating Water Pumps
37060 GPM, each,vert .
w/1200 HP Motors 2 EA 80000 400 §00 {160000
In~-House Data
Service Water Heat Exchanger$ 1 QLGT 30C 34000
Intake Screens System Incl Crané 1 | LOT $5CC06 | 1000 " 13000 [150000
In-House Data
" CARRIED FORWARD f 17.50 | 10020 | 423200900000 [175350 | 149855¢




Cibba & Hill, ine.

S I L, ST
B‘-'NO. 11-2772-001 DESCR. 100 MW SOLAR PLANT ENGINEERS, DESIGNERS, CONSTRUCTORS E€ST. BY plc PAGE NO. 14-
NEW YORK
CHKD. BY SHEET.NO. OF.
sent _MMSHPP Location BARSTOW, CA. ESTIMATE DATE __ §-23-79 '
—aaa—————— 1 pev. g. EY) .-,q
COST PER UNIT ’ COST
LABOR

TEM OR TOTAL MATERIALS SuB-
ZCT. NC, DESCRIPTION QUANTITY, UNIT MAT'L. $ SUBC. § MH’S $/HR MH'S 5 EXPENSES| CONTRACTS LABOR TOTAL
5§50 BROUGHT FORWARD 10020 K23200 | 900000175350 | 1498550
(Covt)

CIRCULATING WATER PIPE

54" Dia. 200' RUN INCL.

| _VALVES, EXPANSION JOINTS | 400 | LF 17.50} 270045000 47250 92250

AND EARTH WORK

PIPING,VALVES, FITTINGS

& SUPPDRTS 1 lroT 7430{120000 130000 | 250000

(200) (600) (800)
— o e e ———— 3
S TOTAL A/C 5850 201505588000 [900000 [352000 [1840000
=] ) .
~

128,3.75




11-2772-001 ' 100 MW SGLAR PLANT \GiNE:Rs, DESIGNERS. CONSTRUCTCRS

g

OB NO. cs e DESC EST. By Adc PAGE NO. !
NEwW YORK
CHKD. BY SHEET NO. oF
‘:LsENT____.lid_Mf?E.I.)____Locp.-'rvou BAPSTOW, CALIF ESTIMATE DATE __%"*}-"3 APPROVED BY.
COS_T PER UNIT COosT
LABOR
1ITEM CKt TOTAL MATERIALS suB-
ACCT. NO. vescy!'® "ION QUANTIVY UNIT MAT'L. § SUBC, § MH'S $/1IR MH’'S E£XPENSES] CONTRACTS LABOR TOTAL
Electrical
Summary By Accounts
5861 Switchgear 3300 #634000
2660 4 83000
AR/C 5881 » 16.55 5960 [717000 99000 [816000
5862 .JStation Service Equipment 16.55 2680 (330000 44000 PB74000
L‘ a . -
S 5863 Protective Equipment 16.55 5380 1281000 89000 370000
8 . ]
5864 |Power Wiriny, Electrical 16.55_136000 3550000 596000 |1146000
Structures & Wiring
Container
F-825.2.79




Gibbas & Hill, Inc.

j08 N0, 1172772-001 .. . 100 MW SOLAR PLANT gNGINEERS. DESIGNERS. CONSTRUCTORS EST. Ev—Ric paGE NO. !5
NEW YORK
CHKD. BY —— ____ __ SHEET NO. OF —
CLIENT MMSHPP LocaTion. BARSTOW, CALIF ESTIMATE DATE _%°*3>-79 APPROVED BY
COST PER UNIT COSsT
LABOR
ITEM OR TOTAL MATERIALS SUB-
ACCT. NO. DESCRIPTION QUANTITY UNIT MAT'L, § SUBC, § MH'S $/HR MH'S EXPENSES| CONTRACTS LABOR TOTAL
Electrical
Generator Step Up Power
Transformer 3 PH 125 MVA 1{EA 450000 1500 1500 p50000
Unit Auxiliary Transformerys 1 | EA 52000 500 500 ] 52000
3 PH
Unit Auxiliary Transformwen 1| EA 52000 500 500 § 52000
3 PH
[ &
1
o
o General Auxiliary 1 {EA 8000( 800 800 | 80000
Trans former 3 PH
Total - Above A/C 5861 34000

3300

FR?S 2.70




11-2772-001
DES

cr, 100 MW SOLAR PLANT ‘¢\GingeRs. DESIGNERS. CONSTRUCTORS

EST. Bv___81¢

JOB NO. 3 PAGENO. T
New YORK
‘ > CHKD. BY ‘ SHEET NO. OF —
CLIENT MMSHPP LOCATION BARSTOW, CALIF ESTIMATE DATE __%:*>-11_ APPROVED BY
l COST PER UN!T COSsT
LABOR .
ITEM GC.° . TOTAL HMATERIALS sSUB-
ACCT. NG, DESCFEIPTION QUANTITY UNIT MAT'L, $ SUBC, § ME'S $/HA MH'S EXPENSES| CONTRACTS LABOR TOTAL
Electrical.
5861 Isolated Phase Bus
' KV 110 KV BIL 4500A° 300 | FY 220 7 2100 J 66000
5861 w/supports (frocm Gen  to
) 100 MVA) Transformer
) 100* x 3 = 300°
5861 Ditto 1200A {Froh 100 MvAa 80 FT: 220 7 560 §17600
Trans. to Aux. Transf TIA & TIB} ADJUS[P (600)
a/C 5861 2660 §-83000
< . . .
= 5863 Generator Neutral Groundinpy .2. | EA 6600 400 800 § 13200
=] Equipment .
5863 Generator Potential Trans. 2 EA 17000 500 1000 § 34000
5863 fSurge Protecticn Egaipnent 2 EA 8900 INCL.§ 17800
i ———
5863 Grounding Resistor 2 EA 3900 40 80 6000
5863 01l Circuit Breaker KV
1200A __KVA 7 EA 30000 500 3500 P1000O
A/C 5853 5380 pe1000
]
F-R2% 210 3




11-2772-001.,

Gibbe & Hill, Inc.

108 NO. sescr, 100 MW SOZAR PLANT ¢ngine€Rs. DESIGNERS. CONSTRUCTORS EST. BY__Bhc PAGE NO.
NEw YORK
' CHKD. BY SHEET NO. OF e
CLIENT MMSHPP LOCATION BARSTOW, CALIF ESTIMATE DATE _%:13:79  APPROVED BY.
COST PER UNIT | COSsT
LABOR N
ITEM OR TOTAL MATERIALS SUB-
ACCT. NO. DESCRIPTION QUANTITY UNIT MAT'L. § SUBC. § MH*'S $/HR MH'S b EXPENSES] CONTRACTS LABOR TOTAL
Electrical
5362 }4.16 KV Switchgear-Indoor
Feeder Cirguit Breakers 3 EA 18000 100 300 54000
480V Load Center 3 J|(Incl gEhe Following):
Incoming Line Section 3 EA 1200 25 75 3600
1000 KVA Transformer
w 4160 - 480 V 3 PH - 3 |EA 14000 200 600 ] 42000
= . | Main Feeder Breaker-1600A 3. | EA 11000 50 150 | 33000
Tie Breaker . 3 EA 11000 50 150 33000
Feeder Breaker 15 EA 5000 50 750 75000
480V Motor'Contrdl Center 3 EA 14000 135 405 52000
ADJUSII 400
D.C. Egquipment
Battery Charger, D.C. Pang[l
Board 1 EA 250 )} 38000
A/C 5862 2680 (331000
Power, Cont. Cable, Trays,] !
5864 | Conduit, Underground Duct, 1 LOT 30000 1450000
__ | Cathodic Protection & Grounding L
Precipitator - Pwr & Control L.S. - 6000 100000
"“A/C 5864 86000 550000
F.825 2.79




11-2772-601 106 MW SCLAR PLANT ¢nGiNeens. DESIGNERS, CONSTRUCTORS

108 NO. DESCR. EST. Y 3¢ PAGENO. L9
NeEw YORK
CHKL. BY S SHEET NO. OF —
CLIENT MMSHPP Location BARSTOW, CALIF ESTIMATE DATE __2:1%-79  APPROVED BY.
COST PER UNIT _ cosr
LABOHR
it On . H TOTAL IMATER!AI_S SuB-
ACTT. RO, BESCHIPFTION QUANTII s uUnNIT AT, § LJsC, § MITS $/81L ME'S i EXPENSES] CONTHACTS AEROR TOTAL
5870 Air Quality Control
Electrostatic Precipitator : |
180,000 CFM 99.5% ZFF ,
| 43'-4" LG x 29'-10"W x 1| EA 550000{600004 550000 {600000
I X A G - )
| . q] ; _
‘I Empty ‘140,000"
1 Belco Quote £ 550,000 B )
| s/c Labor % 500,000 f
L ~
L Fcundation for Abovwve 150 | CY 100 13 17.50 ;1950 15000 34000
-
N

{565000 {60000 34000 11199000,

F-g2% 2.70




CLN T
LOTATION i o o o e e e

AL oevans o wa

CONSTRY

CTION COSTS

fam e e e e e ammee DY e CHKD. APVO.
' h 77 MAmiouas | Teostiunt T costsio )
- a 17583 % DESCAIPTION auan. fumit| Pea | I T 7 Tsus i sus
. ominetm et s cotomre o o bis o+ 4o, LUMIT YOTALI RATE | LASOR |CONTA. MAT'L. | LAGSR | CONTRACT | MATERIAL TOTAL
: " ' —
56G0l CiL-AELD ST HEWMTER  Kiimim S
' i |
5891 oL AMD ST HERHEIL g deecov | Fh 4R | 4SBT | 3,8 %, -7
1 D )
5891 A prertmoe a0 . N B
Ff;ﬁ.ﬂf e, s0v /a)b, ces 51 3[ 3ec 144, 3v0
\ )
5643  foun PHdoNS e Sneos | 105,000
5 el MO 1 ;
69q¢ JN‘SMMNM“J Ls’,occ (pb“CHJ' ?67,‘(60 53(—',8‘3
tewhel.
58035 DE3GN AND ENGin EXIRG 541 006 S5Y%¢,0¢ 0
4
Tome §84¢ 2,512,000 | 719,885 2,539,900} 5,533,785
¥ TMEL. BANKOp
DATE REVISION NO. REVISION DATE PAGE NO. of

REVISION NO-

REVISION DATE




Y1I-r

CONSTRUCTION COSTS

LIENT -
LOCATION
_PROJECT 8Y CHKOD. APVO.
m" ‘ MANHOURS COST/UNIT COSTS ( )
MO, “ITEM & CESCRIPTION - QuAN. lumiT| PER | i SUB | sue
o UNIT 'TOTAL RATE | LABOR [CONTR.: MAT'L. LABOR CONTRACY MATERIAL TOTAL
S8/ | Ot AD oMT HEMTIC
. . . : !
MALA CRem Bl sierts : o
oo /,58Two| 1 !j
mﬂvpom“_‘l 71,600
o7 ’Dlﬂt";f_ s l, 700,000 | 73,000 ('5’9"},100 3,359, 20
Mankep: 53470
: 3,890 470
Acd o3 pen Losten. WheE e | 89,
DATE RAEVISION NO. REVISION DATE PAGE NO. of —
REVISION NO, AEVISION DATE




STI-r

Oy
v+ ]
by

\

ITEM

ECONOMIZER
HRA WALLS

FURNACE
FLOOR -
~ REAR WALL |
SIDE AND FRONT WALLS AND ROOF

PRIMARY BUNDLE

~* SECONDARY BUNDLE

_ DIVISION WALL

MAT'L

106C

.106C

106C
T 12
T 12

T 12

347

347

347

_ TUBING MATERIAL COSTS. ($1000)

WEIGHT

M ke  (Tons)
5.6 (6.2)
36.3 (40,0)
5.5 (6.1)
10.4 (11.5)
27.7 (30.5) -
31,8  (35.0) R
31,8 (35.0)
4,8 (5.3)
(24,0)

21,8

COSTS
($1000)

11.8

64,6

11.1
27.9
60.9

67.7
257 .4
45,0

8.y



spa/ MATERIAL COSTS ($1000)

CODE NO. 5831 SALT HEATER

TuBInG‘D) 835y
preing‘d ' 218.0
PLATFORMS AND STRUCTURALS - 9.7 .
SOOT BLOWERS | 91.0
DRAINS, VENTS AND VALVES ' 87.0
BURNERS - 69,0 .
REFRACTORY, INSULATIQN, AND SHEATHING .. . 67.0 -
HEAT TRACING - | - 50,0 .

0 HANGERS, BUCK-STAYS, ETC. . 46,0

i MISCELLANEOUS . _awd

| ' © 1587.2.

(1) INCLUDES $86.5 AND $21.9 FOR FINS, LUGS, WELD WIRE, ETC, -




CLIENT et e

LTT-C

_ CONSTRUCTION COSTS

REVISION DATE

LOCATION
e _PR_OJ - - -2 4 APVOD.
. AR )
pa, ITEM & DESCRIPTION i - [ |
i MIT TOTAL! AATE | LABOR |CONTR.| MATL. | LaeOR MATERIAL YOTAL
. ] !
5822 A Prcisnren and FO Fans '
Me wenme Pod |y i
fLves AanvD Duers (07,400 :
€D funl D DRINE s
pew encenon i1, 600
170, ¢ 00 513,%0 | ¢ 83,300
Miucuy (64#»0 fa) /08,0.‘00
P14, 300
REVISION DATE PAGE NO. or__




. Gibbs & Hill, Inc.

r 100 MW SOLAR PLANT \Gingers OESIGNERS. CONSTRUCTORS EsT. av__alc PAGE NO. 2.2

11-2772-001

2,08 NO. DESC h
NEW YORK i
. CHKD.BY —____ SHEET NO. OF ——
. MMSHPP g
CLIENT : LOCATIONBARSTOW’ CALIF ESTIMATE DATE 2 1377 APPROVED BY.
COST PER UNIT COST
LABOR
ITLM Of¢ - TOTAL MATERIALS suB-
ACCT. NO. DESCRHIFTION * JQUANTITY UNIT MAT'L, § SUBC, § MH‘S $/HR MH'’'S & EXPENSES| CONTHACTS LABOR TOTAL
5890 H O0il Fired Salt Heater
" 1 System
5893 Heater System Foundations
Concrete Incl. Forms,
Rebar & Earthwork . ]
30" x 80' x 4' 17300 |CY 107 14.6 [17.50 | 4370 J32000 76000 JL08000

81T~




cuent | CONSTRUCTION COSTS
LOCATION
_ PROJECT. 8Y CHKO. APVD;
_ :;c ] MANHOURS COST/UNIT COSTS ( : )
®0. (TEM & DESCRIPTION . QUAN. JumIT| PER | I. sUB | sus . o
s . UMIT 'TOTAL! RATE | LABOR | CONTA.! MAT'L. LABOR CONTRALT MATERIAL. B T?TA,L
5894 - Inems menNed 1o Craun - . ‘
B, Ay | | s |
T TompsRANAE - . 329,400 :
Gap eneetiol ' ‘ 15,000 .
14,000 Yo7 dos | €32, 400
Mankop 68,415
M :——
500 6:5"
58IS| Destad a0 Grocnas a0 R 4o
Svae: (WIL. @UES -
OATE ) RGViSIO” N‘O.' . 4 REVISIONDATE ____________PAGE NO. cF___.

REVISIONNO. ___ = REVISION DATE



58%x  APPROXIMATE DISTR'™'TION OF PRODUCTIVE
ERECTIOM MANHOURS

SALT HEATER

UNIT . 31,725
BURNERS AND PIPING 2,750
SO0TBLOWERS 870
STRUCTURAL *STEEL AND PLATFORM 2,300
LAGGING AND INSULATION 10,000
TESTING .AND- INSPECTIONS 2,850
SCAFFOLDING AND CLEANUP 3,100
OPERATING ENGINEER 5,700
: SUBTOTA 59,295
g AIR HEATER AND FANS
S AIR HEATER " 2,400
FD FAN AND DRIVE: 800
FLUES AND DUCTS 1,205
- SUBTOTAL s 4,705
INSTRUMENTATION AND CONTROLS: :
COMBUSTION CONTROLS 500 .
SALT CONTROLS S s000
SUBTOT/ . 1,000

 TOTAL HOURS | 65,000




121-r

|
|

manin BAvGER :
- MAUETTR Pca;is 6?:75‘ / bosmn
7 Y
5900 Tw) ki3 _whiten TR
5% 0 few Cossmucno e N
. cno $ " m,m $1) poo, coo : $ 44 ?m’ oo #‘r{' >3 3' P 4,503 sce
590 GuGiN s and ; , o
| MANAGE MENT 490,000 /, 060, 06% ; 3,44, 000 M{,o‘no' | 4,991, o00
T -n . & . ’ . .
5930 E NI vt 45h, w20 3, 634, 400 [ 919, 00s 304, co0 *6,‘)&7, e -
» _ : . .
2,050,000 ? 7434, 000° g” 16,24, ao0 (,§%, ovo 2,141,000

Nog: INDIECT CosTS  ESMATED
'BY Epcl SBCONTALTIR 41D
prine g Ml Aecounts AT whicd.
‘/“*‘7 AL AeSponsiBLe Fol. Sevw

Lovsoueried Cost Coves, Hus /J/ipomlx,“

o pespenssBrienies.




" APPENDIX K: 500 MWe - 18 HOUR CAPITAL COST WORKSHEETS

This appendix contains the cost worksheets for the capital
cost of the 500 MWe-18 hours of storage Solar -Central Receiver
Hybrid Power System. All estimates are in 1979 §, Nth plant
costs, and hsg Barstow, CA as ‘the plant site.



500 MWe - 18 HOUR STORAGE
SOLAR CENTRAL RECEIVER HYBRID POWER SYSTEM
CAPITAL.COST

5000 Plant Cost . $ 13,592,000
5100 Land, General Siﬁe Preparation

5110 Land , . 5,818,000

5120 Yard WOr# (Balance ofl?;ant) 560,000
5130 Yard Work (Collector fields) | 7.214,000

5200 Administrative Areas . . _ $ 1,823,000
| 5210 Operations 5 ' }9:000

5211 Administration Buildings In 5810
5212 Control Building In 5810
5213 Communications Equipment 19,000
5220 Secufity | , 7?6,000
5230 Storage 'and Maintenance o . 1,028,000
5231 Storage and Maintenaﬁce quldings
5232 Tranoportation and Lifting Eyulpment
5233 Miécéllaneous Equipment
5300 Collector Subsystem ($80/m? +R) . | ' $421,814,000
5310 Refléctive Unit N
5320 Drivo Unit
5321 Azimuth ;r Horizontal Dri;e
5322 Elevarion or Vertical Drive
5323 Motors |
5324 vPositian Iﬁdicatérs dr Encoders

5325 Power Distribution and Emergency Supply




5330 Control and Instiuméntation f
| 5331 Sensor or CaliSratiqn Eéuipﬁent 
5332 Field éontrol Electronics |
5333 Control'Signalinietribu;ion Equipment
5340 Foundations and Site‘Prepardtlon -
5350 Heliosgat Sﬁpport ané<Protectiqn
. 5351 Heliostat Supppft Struétﬁre
5352 Heliostat Protgétivé Enclosure
5354 Lightning Ptotéction

5360 Field Assembly and Checkout

5370 Design and Engineering o f..i . L
5400 Receiver Subsystem : ' ' ' 145,719,000
5410 Receiver Unit ' ' 42,711,000

5411 Absorber Unit

34,682,000
5412 Support Structure

5413 Receiver Circulation Equipmént 6,711,880

5414 Instrumentation and Control 1,317,175
5420 Riser, Downcomer and Horizontal Eiping 56,920,000
5421 Vertical Piping 6,920,000
. 5422 Variable Horizontal 50,000,000
5430 Working Media Cost | _A : o 9,018,000
s Working Media Cost- 6,940,000

5432 Working Media Prbcessing Equipmght 2,078,000

5440 Tower - S 11,795,000



5450 Tower Foundation 11,243,000

5460 Salt/Steam Generator and Related Piping 12,832,000
5461 Salt/Steam Generator 4,768,000
5462 Salt/Steam Circulation Equipment 3,486,000

5463 Steam/Water Circulation Equipment 4,133,000

5464 Foundatious 453,000
5470 Design and Engineering o + 1,200,000
5500 Master Control Subsystem : 1,438,000
5510 Hardware . S 688,000
5520 Hardware Design and Engineering B -0~
5530 Software Design, Development, and Tests . 750,000
5600 Non-Solar Energy SubsysterL . 3,409,000
5610 Fuel 0il Supply System 1,288,000
5611 Fuel 01l Storage ' | 807,00C |
5612 Fuel 0il Preparation/Feed 481,00¢€
5620 Salt Pipes and Pumps o 1,921,000
5650 Foundations‘ o - ‘ 200,000
5700 Energy Storage Subsystem ' . 77,340,000
5710 Media Containment Equipment 20,950,000
5720 Medla Circulation Equipment 5,263,000
5750 Foundations . 3,639,000

5760 Media 46,239,000

5770 Design and Engineering 1,250,000




5800 Electric Power Generation Subsystem ‘ ) ! 86,907,000

5810 Turbine Building R 4,121,000 -
5820 Steam Turbine Generator 36,431,000,
5830 Feed Heating and Condensing System . 9,644,000

5840 Water Treatment and Condensate Makeup System 2,715,00(5'

5850 Cooling Tower System : 4,820,000
5860 Electric Plant Equipmént o . .9,796,000.
5861 Switchgear - 2,953,000 ° '
5862 Station Service Equipment ° 1,354,000
5863 Protective Equipment = . - ~ 1,340,000
5864 Power Wiring, Electrical Structures, and Wiring
Containers 4,149,000
| 5870 Air Quality Control ’ 4,3462606_
5890 0il Fired Salt Heater System 16,040,000

5891 0il Fired Salt Heater
5892 Air Preheater and Forced braft Fans .
5893 Heater System Foundations

5894 Instrumentation and Control

-

5895 Design and Engineering - o A._L
5900 Indirect Costs J ' 82,557,000
5910 Indirect Field Construction Costs
5920‘ Eﬁgineeéing & Management |
5930 Contingency

TOTAL $834,600,000

K-5



CONSTRUCTION COSTS -

CLIENT
LOCATION Dnnsrrd . .
o ..-S"W‘QJECT , SM’ 'lghh_ﬂi.ﬂﬂf_. "y - CHXD. — C APVD.
an : - MANHOURS COSTAUNIT “CoSTS (1219 8 )
a0, {TEM & DESCRIPTION QUAN. juNIT ) . sun H S e
uniT [TOTAL! RATE [ LAROR [coNTR.! MAT'L | Lasom _MATERIAL | TOvAL |
. . . ' ‘ ! 1]
8000 | Plany . lost  Suampnrt : ;
, R
5100 (An® Gepena S p/u,’fﬁwhd lglgq'z‘&.,o
5200 Ao ismanae Anets ;,eu,o'aa
3306 Coute et (j’eo/,,}.g) 421,814,000
SYos Reecwean NBsYsTEM 45, 19,000
5500 Masmn Conma Ss515TO- 1,438, 000
5600 Now- S Guansy Pt 3,409, 000
4 ' v
5700 ThOmAL sTbE  WASHSTER 79, 3¥0,000
5800 €leenue powr:)(. C—,Wm’. 86,907,000
SNBSS .
5900 gidaces - ! g, s57,000 |
T pLenT oS A 834,599,000
DATE REVISION NO. REVISION ohe PAGE MD. ‘ or____
M nevrsmv;uo, . REVISION DATE




cuenT _ CONSTRUCTION COSTS o
LOCATION __Bansrow » S B : N .
_PROUECT__SCOMJ. - [ ha SCRUPS By CHKD APVD.
Al } MANHOURS COST/UNIT COSTS { )
vy ITEM & DESCRIPTION £ ouan. |umiT| pea | . | B, |
! UNIT |TOTAL! RATE | LAB0R |CONTR.! MaTL. | LABOR | cONTRACT | maTERIAL |  TOTAL |
5100 | Lawp, Galange S PWMWE
.ol Land .8616 AC 15 5, 818,500 5}818,s00
5120 Ym0 wenk (B pnes of pubnt)
RoAOS 20'w x 9060’ 0000 §34 4 @o,000 80,000
i ARE wop 5000 kLF .1 13se0 |1250] 1228 20 L), 150 los,000 i6t,150
me 5000 |tF V3,80 319 010 349,000
&4250 349, 000 lov, o¥® $60,250
51%¢ 1ano wart‘—' (mu:mn. AELos)
5x oo M, 1,33,9¢5 T,U3,448™
O 5100 bhaso |7,6n s | 598,500 | 13, 92,44
- DATE REVISICN NO. REVISION DATE PAGE NO. oF
. REVISION DATE

REVISION NO,




8-

- REVISION ND,

REVISION DAFE

et CONSTRUCTION COSTS
LOCATION BAmsTIW :
PRQUECT 300 MMy - (8 kg SO4D5 BY CHKD _APVD.
AR . MANHOURS COST/UNIT cosTs )
NO. ITEM & DESCRIFTION QUAN. JUNIT| PER | . sus | sus. | -
' UNIT [TOTAL! RATE | LABOR |cONTR.| MAT'L. | LAEOR | CONTRACT | MATERIAL TOTAL
5200 | Aomi s anve Anens
5wr" OPERANIONS
e s (00 Mkg { leor 19,000 {9,000 (9,000
S| Secwrur
Bavanee” -oF - punT
Snywe As ios> .
° ¢ _ » 3 50,:00 13,00¢ 33, 000 166,600
Covistrom FLELos ; o
Feres 6 @7’000 r74 le 470,000 {0,000
! . ; '
. 50,009 } 33,000 33,000 7]4/900
523 Snndoe ano ManTENAMCE
B mmé AS foo Wc . 5‘&000 7’{{’000 1;&000 ’,37/8,000
Tme ‘é S0 o800 | 957,000 | 758000 | 1,823 00°
DATE _ = REVISION NO. REVISION DATE PAGE NO. or




61

cLEnt CONSTRUCTION COSTS
LOCATION Larsnw — o ‘ . o
 PROJECT. RO Mily (L ha, SCHMPS BY. 'CHKD.____-_APVD.
A MANHOURS COST/UNIT ' COSTS | )
NO. 1TE% & DESCAIPTION cuAN. luriT{ PeR I . sus | sua
‘ unIT 'ToTAL RATE [LABOR IconTa.! maT'L | LABOR | conTRACT | maTERIAL TOTAL
5300 | Coweerna
i 994 msmn/mww x $9.05-
¥ 1
58s, 89‘»‘/“00(‘. x 10 &od 5.858xpun” TL.0¢ Yzl s leo ¥l 6id 160
( DECRERSE. TN NIMBER. 8F WEUOSTATY
o b GVULEASED RIRMNG . )
DATE REVISION NO. REVISION DATE _ PAGE NO. or
REVISION N .

REVISION DATE




otT-1

'CUIENT
LOCATION Ppusmies

PROUECT.SOOMWe -18 he Seauls

CONSTRUCTION COSTS

‘ 8y CHKD APVD.
A ; ] - -MANHOURS COST/UNIT CosTS { )
»o. ITEM & OESCRIPTION auAn. [unit| Per | - sus | s | , '
- | unit:lvoraLl RATE [LABOR conTR.! MAT'L. | LasoR | conTRACT | MATERIAL | TOTAL
syoo | Recewon
‘5 | ReTE iR Unni? :
54U 5Yi2  fssadse vwver
Suppont s qurl 10 - |en 119930 neocolzisesn| AP 10 | 1100000
(Sev foo Mg Rmelup )

5¢I13 ReTOvER e cnfiod Bug

6_Y loo w“

~»

i

SHY WspwmETADN A
Connic i

Sx 100 My,

24,588,790] 34,682, 0bp

¢, 1,880

,317,1715
. P
npe S Y2, ,005
DATE REVISION NO. " REVISION DATE PAGEND. —____OF ____
REVISION NO ,

REVISION DATE




LOCATION ' e ‘ e _
are MANHOURS COST/UNIT COoSTS { ]
Y ITEM & DESCRIPTION auaw. lumirf Pea | 4 BUB | B ) .
—_— UNIT [TOTAL! RATE | LABOR |conTh.! maTL. | Lasom | comTracy | maremar YOVAL
. ’ - v i
5420} fusen, Dyoneonan ¢ Monsasnane e ) . i
Ny  Nusen sn9 Drwncowen ! ; 3!
T . - T
5x 100 M, 2kt 90 | 06,200 | 3,7076%] L,920,080
%Vu Honaronme Poprus [ ter <0000 s
: | S0, 000,
(om modvianiry soies )
.10 mdie enva ‘

‘ ’ 5¢ 910,000
O e M S¥ro !
e .. S

5%3% (Uan:-mj v Cost
S¢3 Media t2aadty in¢ ¢, 9¥0,00°
5Y¥32 Pueeessms covpuent
s1x hadls powen RUW -
?,h. x 193 244 2,478,000
IR 9,618,000
'T'_’m'—-ﬂffg %% ool B
AR o ‘DATE REVISION NO. _ REVISION DATE eagenD. ____or___
- REVISIONND,

. REVISION DATE




1A

CUENT _ CONSTR UCTIQN COSTS.

LOCATION - =
. PRQJECT —— : - BY CHKD, APVD.
e ] MANHOURS "COST/UNIT ‘ cosTs ( )
WO, ITEM & DESCRIPTION { auan. funiT| Pea | | . suB | sus. Z
‘ umiT IToTaLl AATE [LABOR coNTR.! MAT'L. | LABOR | cONTRACT | maTERIAL :  TOvAL
B . ) ‘ ’ ' i !
() N . ; ot
5_” o twe (esrpn vur = oty ) § /0 |0 W13 I, 79 S,000 R LAY
. L | 'z Pp
545D | hwek foumdairen Jo . len | %, 404 11,314, 05 U2¥3, oo
\ (cwrpa e - Lo hti, ) i
- Al
Heo | sacr [smenm Genanano mo Fpu
Rl strfsmenm GENRATDL
3ix -Tus pewer kil .
[N .
( 23 s, ) * 1850500 4,759,081
e seurfsan ensuaned Sopudt
o, -t | S
ey, ) ¥ 4355238 3,48 938
Fh3  sTemm fusmn crasuhmon] A '
A . - ‘ ;
. 1Vlo L, X [ 0,000 ‘ 4"?3'.{30
’“3‘“"6 ! :
e fAveOaTIonS ‘
D x 100 Mliig. - 4 1 453 500
nmC Me Yoo 12,672 3%
OATE s L. REVISION NO. _REVISION DATE or— . -

REVIS:DN ND, _ REVISION DATE
[ .

a .




€T-1

‘LOCATION Ponsnw Co ' ~
. - PRQUECT_ 520 MM, -8 ha . - BY CHKD._____APVD.
DAkl . l . MANHOURS COST/UNIT COSTS | )
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