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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-AC03-
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; 

V<;>lvme Ul - Appen4 ices, 

The contract was under the direction of Dr. S. Douglass Elliott, Jr. of 
the Department of Energy, San Francisco Operations Office, Oakland, 
Califo:r:nl~. Mr. Kirk llattlt:suu of 3atu.lia Lauutaluti~::;, Liv~rmurt:!, Cal= 
ifornia was the Technical Manager. 

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

1) Martin Marietta 

2) Badger Energy, Inc. 

3) Gibbs & Hill, Inc. 

4) Foster Wheller 
Development Corporation 

5) Arizona Public Service 

Program Management; System Design and 
Optimization~ Interface Definition; 
Conceptual Design, Analysis and Optimi­
zation of the Heliostat Field and Re­
ceiver; System Economic Analysis 

Conceptual Design, Analysis and Optirui­
zation of the ~igh-Temperature Sa~t 
Subsystems. 

Conceptual Design, Analysis and Optlm1-
zation of the Electric Power Generation 
System (EPGS), Tower, and Nonsolar Sup­
port Facilities 

Conceptual Design, Analysis and 
Optimization of the Nonsolar Energy 
Source 

Utility Engineering Review of System 
Design, Utilization and Economics; and 
Development 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. 
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APPENDIX A 

TABLE A-1 PIPING VS PLANT SIZE 
·' 

This table provides details of pipe length, pipe size, fittings, 
valves and expansion loops required for a range of thermal rated 
plants from 581 MWth to 1743 MWth· 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. ·purth@r discussion is 
contained in Section 3.3 · · · · 

581 MWth 

Horizontal Branch Lines: 

3~b Sia1ril~ss Sieel 

12" sch 2 X 1355' 
:J11U' 

8 expansion loops ~ 4 = 12' sch 30 flexible joints· 

3

~~ 12!' :Jch 30 els 

o·- .12'' sch 30 

3 x 6 ·12" .sch 30 els· 
3 12" gate - ·600# WNRTJ 
3 12" PCV - 600# WNRTJ 

Carbon Steel 

2440' s 4 -
2 x 1355' 12.' ch 20 ~ 
4 expansion loops ~ 4 -

40'-
3 x 5 12" sch 20 els 
3 x ~ 12" sch 20 "T " 
3 x 3 12" 300# gate~ 

Risers and Downcomers 

316SS 
3 X 270' - 12" sch ss 
3 X 200' - 12" sch 

~g &4 -3 X 50' - 12 11 sch 
3 expansion loops }( 4 -

40'-

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 II sch 60 liT II 

s 

A-.2 

12" sch 20 els 
12" sch 20 flex. joints 
12" sch 20 

12" sch 30 els 
12" sch 30 flex joints 
12" sch 30 



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

Risers and Downcomers (continued) 

c. s. 

3 14" PtV 600# 
3 x 2 - 14" check 600# 
3 x 2 - 14" gate 600# 

Headers 

316SS 

2 X 2300' . 12". · sch ss Q -12" 
2 X 4 expansion loops~ ·4 - 12" 

40 I -_.12 H 

c.s. 
2 X 2300' 12 sch 20 l::4 - 12i' 
2 X 2 expansion loops~ 4 - 12" 

. . 40'- 12' 

A-3 ' 

sch Ss els 
sch Ss flexible joints 
sch Ss 

sch 20 els 
sch 20 flexible joints 
sch 20 



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

1162MWth 

Horizontal Branch Lines 

316 Stainless Steel 

6 x 2300 • - 12" sch 30 f4 12" sch 30 els 
6 x 4 expansion loops x 4 12" sch 30 flexible 
6 x 6- 12" sch 30 els 40' - 12" sch·30 
6 x 1 12" gate 600# WNRTJ . 
6 x 1 12" PCV 600# WNRTJ 

(i X 2300' -· 12" 12" ·SCh 20 ell'; 

joint 

6 X 2 exp~nsion 
sch 20 Q 
loops x 4 12" sch 20 flexible joints 

6 X 5 - 12" sch 20 els 40' 
6 X 2 - 12" sch 20 "? II 

6 X 3 - 12" 300# gate5 

Risers and Downcorners 

316 Stainless Steel 

6 X 270 1 
- 12"·SCh 5s 

G x 200' - 12" coh 20 
6 x 50' - 12" sch 30 ~<1 
6 x 1 expansion loop '/.. 4 

40'-

Carbon Steel 

6 X 220' - '14" sch 20 
6 X 250' - 14" sch 40 
6 X 50' ,. 14" liiCh 60 
6 X 6 - 14" sch GO els 
6 X 2 - 14 II sch 60 "Ts" 
6 X 1 14" pev bUU# 
6 X 1 - 14" check 600# 
6 X 2 14" 600#gate 

A-4 

12" sch 20 

12" sch 30 els 
12" 30 flexible joints 
12" sch 30 



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

Headers: 

316SS 

6325'·18 11 : sch .. lO [4-18 11 sch 10 els 
10 ·expansion loops- 4~18 11 sch 10 flexible joints 
4- 18 11 sch 10 11 TS 11 40'-18 11 sch 10 · 
4 - 18 11 x 12 11 sch 10 reducers · 

1355' 24 11 sch Ss [4-24 11 sch Ss els 
2- expansion looos- 4-24 11 sch Ss flexible joints 
2-24 11 sch 5s 11 TS 11 40'-24 11 -Ss 
2 - 24 11 x 12 11 5s reducers 

c.s. 

6325' 18 11 sch 10 [4-18'' sch 10 els 
4 - expansion loops" 4-18 11 sch flexible joints 
4-18 11 sch 10 11 TS 11 40'-18 11 sch 10 
4-18 11 x 12 11 sch 10 

1355' 24 11 sch 20 
1- expansion loop "-
2-2411 sch 20 11 TS 11 
2-24 11 x 12' sch 20 

reducers 

{

4-24 11 sch 20 els · 
4-24 11 sch 20 flexible 
4~'-24 11 sch 20. · 

reducers 

A-5 
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TABLE A-1 PIPING VS. PLANT SIZE (cont.) 

.·· ..... 

Risers and Downcomers 

316SS 

9 x 270' - 12" lsch 5s 
9 x 200' - ·12" sch 20 · 
9 x 50' - 12" sch 30~4 ~ 12" ~ch 30 els· 
9 ~ 1 expansion:·loop~ 4 - 12" sch 30 flexible joints 

· · 40'- 12" sch 30 

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 II 

9 X 1 - i4 pcv 600# s 

9 X 2 - 14 check 600.# 
9 X 2 - 14 gate 600# 

Horizontal Branch Lines 

316S£ 

5 
x 

1355
' 12" sch 30 £ 4 x 2440' 4 - 12" sd1 30 els 

26 expansion loops . ~ . 4 ~ 12" sch 30 flelible joints 
9 x 6 - 12 11 sch 30 e1s 40'- 12 11 sch 30 
9 X 1 - 12" gate 600# ~lNRTJ 
9 x 1 - 12 11 ·pcv 600# t.YNRTJ 

c.:. s. 

S X l:1SS' l:.!" sch 20 
4 X 2440' 
13 expansion lnnp~ X 
9 x 5 12" sch 20 e1s 
9 x 2 12 11 sch 20 "T II 

9 x 3 12 11 300# gates 

G4 12" sch 20 e1s 
4 : lJ" och 20 fle~iLle julnts 
.0'- 12 11 sch 20 
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TABLE A-1 PIPING VS. PLANT SIZE (cont.) 

Headers 1743MWth 

316SS .: ., 

2 x 2300' 12" sch 30 
2 x 4 expansion loops ?" 

2 x 2 18"x12" sch. 30 reducers C
4 12" .sch 30- els 
4 : 12" sch 30 flexible joints 
o•- 12" sch 30 

2 X 2300' 18" sch 10 c4- 18" sch:lo els' 
2 X 4 expansion loops f. 4 - ·18" sch· l:O fiexib!'e ·.joints 
2 1 18" sch:·lO. "T"· 0'- 18" :sch·io 

.. ·. . . 
X 

-:., .. " 

2 X 2300' 20" sch ss. r- 20" sch Ss els 
2 X 4 expansion loops " 4 - 20" sch 5s flexible joints 
2 X 1 20" sen Ss "T" 40'::.. 20" sch Ss 
2 X 1 20" X 18" sch Ss reducer 
2 X 1 20" X 12" sch Ss reducer 

2 X 2300' - 24" . .sch Ss t4- 24" ·sch Ss ·els 
2 X 4 expansion .loops f. 4 - 24" sch Ss flexible joints 
2 X 1 - 24" X 20" ,sch Ss 0'- 24" sch Ss 

reducer 
2 X 1 - 24" X 12" sch Ss reduce·r 

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

1743M~lth Headers c.s. 

·c.s. 

2 x 2300' 12" sch 20 ~4 - 12" sch 20 els 
2 X 2 expansion loops 1- 4 - 12" sch 20 flex joints 
2 X 2-18 11 Xl2 11 sch 20 reducer 0 '- 12 11 sch 20 

2 X 2300' 18 11 sch 10 
G4-

18" sch 10 els 
2 X 2 expansion loops )( 4 - 18 11 sch 10 flex joints. 
2 X 1 18" sch 10 T o• ... 18" GCh 10 

2 X 2300' 20" sch 20 ~4- 20" sch 20 els 
2 X 2 expansion loops " 4 - 20" ·sch 20 flex joints 
2 X 1 20 ~.' sch 20 T ; 40 • .... 20" sch 20 
2 X 1 20"xlB 11 sch 2 o· reducer 
2 x 1·20"xl2" sch 20 reducer 

2 X 2300' 24" sch 20 : ~ 4·- 24 11 ·SCh 20 els 
2 X 2 expansion loop~ x 4 - 24 11 sch 20 flex joints 
2 X 1 24 11 sch 20 T 0'- 24 11 sch 20 
2 X 1 24 11 X 20" sch 2•0 reducer 
2 X i 24" X 12" sch 20 reducer 
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TABLE A-2 MODULE PIPING 

~- Summaries of piping, fittings, and valves are given for 
thermal ratings_ of 150, · 300, 4 50 and 600 MWth each for 1, 3, 6 and 
9 collector modules-. Each thermal rating is divided into vertical, 
horizontal fixed a~d horizontal variable piping and associated 
fittings, expansion loops and valves. -·Additional discussion is 
contained in section 3.3. · 

150 MWth 

Vertical 

Carbon Steel 

200 ft 12" sch 40 
/ 

.. · / 

200 ft 12" sch 20 
/ 

1 el 12" sch 40 
3 els 12" sch 20 

, , ~ 4 · flexible joints 12" sch 20 
1 exp. loop :xi 4 els 12" sch 20 

40 ft . 12" sch 20 

316 ss - (welded + x-ray) 

200 ft 12" sch ~0 
2oo ft i2" sch lOs 

1 el. 12" sch 30 
3 els 12" sch lOs 

f flexible joints ·12" sch lOs 
1 exp· loop x 4 els 12" sch lOs 

0 ft· 12" sch lOs 

Horizontal - fixed. 

Carbon Steel 

100 ft. 12" sch 40 
8 els 12"· sch 40 
2 "Ts" 12" sch 40 
2 cl'leck valves 12" - 600# 
2 gate-valves 12" - 600# 
1 PCV 12" - 600# 

70 ft 12" sch 20 
11 el's 12" sch 20 
2 "Ts" 12" sch 20 
2 gate valves ~2" - 300# 

316 ss 

170 ft 12" sch lOs 
6 els 12" sch lOs 
1 gate valve 12" - 3001t 
i PCV 12" 600# 
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TABLE A-2 MODULE PIPING (cont.) 

150 MWth 

Horizontal - variable 

1 module 

Carbon Steel 

ro 
. 40 

1 exp loops@ : 

316 ss 

890 

t 1 exp loops@ : 

3 modules 

Carbon Steel 

2 X 890 to 2 exp loops ~ 4 
1 

1 X 1640 

ft . 12" sch 20 
ft 12" sch 20 
els 12" sch 20 
fl.Qxik>l.e joint~ 

ft 12" sch lOs 
ft 12" sch lOs 
els 12" sch lOs 
flexible joints 

ft 12" sch 20 
ft 12" sch 20 
e1s 12" sch 20 
flexible joint:J 

ft 12" sch 2() 
ft 12" sch 20 

.. · 

12" :Jch 20 

12" sch ios 

12'' seh 20 

. fo 1 exp loop@ 1 els 12" sch 20 . 
tl~,!?lc. joilo'\.-b 12'' s~z.o 

316 ss 

2 X 890 

ra 2 exp loops ~ 4 
. 4 

1 X 1{!~ 
2 exp loops@"(: 

ft 12" sch lQ!j 
ft 12" sch lOs 
els 12" sch lOs 
flexible joints 

ft . 12 11 sch lOs 
ft 12" sch lOs 
els 12" sch lOs 
flexible joints 

A-10 
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TABLE A-2 MODULE PIPING (cont.) 

150 M\'1th 

Horlzonb3:I .:::· ·v-a.:rraB.le· "(continued) 

6 modules 

Carbon Steel 

6 X 1510 ft 12" sch 20 ·e ft 12" sch 20 
6 exp loops.@ : els.l2" sch 20 

flexible joints 12" sch ~0 

316 ss 

6 X 1510 ft 12" sch lOs 

to ft 12" sch 10~ 
12 exp loops @ 4 els 12" sch lOs 

, : 4 flexible joints 12" sch lOs 

9 modules 

Carbon Steel 

5 X 890 ft 12" sch 20 ro ft 12" sch 20 
5 exp loops @ : el~ 12" sch 20 

flex:i..tle joints 12" sch 20 
4 

X tg ft 12" sch. 20 
ft· 12" sch 20 

4 exp loops @ 4 els 12." sch 20 
4 flexible joints 12" sch· 20 

316 ss 

5 X 890 ft 12" sch lOs 

fo ft 12" sc.:h lOs 
5 exp loops·@ 4 els 12 ". sch lOs 

. 4 flexible joints 12" sch lOs 
4 X 1640 ft 12" sch lOs 

~40 ft 12" sch lOs 
8 exp loops @ 4 els 12" sch lOs 

. 4 fle'xible joints 12" sch lOs 
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TABLE A-2 MODULE PIPING (cont.) ,•. 

300 Mlith 

Vertical 

Carbon Steel 

330 ft 16" sch 60 ··· .. 
330 ft 16" sch 10 

1 el 16" sch 60 
3 els 16" sch 10 

(~ 
flexible· jo.ints 1.6" sch 10 

1 exp loop @ els 16".sch 10 
ft 16" sch 10 

316 ss 

330 ft 16" sch 46 
330 ft 16" sch 10 

1 el l6".sch .. 40: 
3 els 16" sch 10 

[4~ 
flexible joints 16" sch 10 

1 exp loop @ els 16" sch· io· 
ft 16" sch.lO 

Horizontal - fixed 

Carbon .Steel 
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TABLE A-2 MODULE-PIPING (cont.) 

Horizontal - variable 

1 module 

Carbon Steel 

316 ss 

2 exp loops @ 

3 modules 

Carbon Steel· 

· 1400 ft 16" sch 10 

f40: ft 16" sch 10 
els 16" sch 10 
flexible joint's 

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

2 x 1400 ft 16" sch 10 

2 exp loops @ 4 els 16" sch 10 

16" ·sch, 10 

16" sch 10 

{ 

40 ft 16" sch 10 

· 4-flexible joints 16" sch lC 
1 x 2625. ft 16" sch 10 

~
40 ft · 16" sch .10 

2 exp loops @ 4 els 16" sch 10 
4 flexible.joints 16" sch 10 

316 ss 

2 X 1400 ft 16" sch 10 

4 exp r: ft 16" sch 10 
loops @ els 16" sch 10· 

flexible joints· 
1 x 2625 ft 16" sch 10 

16" sch 10 

r~ 
ft 16" sch 10 

loops @ els 16" sch 10 
4 flexible joints 

4 exp 
16" sch 10 
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TABLE A-2 MODULE PIPING (Cont.) 

300 MWth· 

Horizontal - variable (continued) 

6 modules 

Carbon Steel 

6 X 2560 f't 16" sch 10 · 
[ 40 .. ft. 16" sch 10 

12 .exp loops @ . 4 .e 1 s 16 " s c h 10 
· 4 flexible joints 16" sch lo -.. 

316 ss 

6 X 2560 ft. lG." sch 10 

@ r~ ft 16" sch 10 
24 exp loop_s ·efs 16"· sch 10 

. 4 flexible joints 16" sch 10 

9 modules 

ca.rbon Steel 

5 X 1400 ft 16" sch 10 

r: ft 16" sch 10 
5 exp loops @ ~ls 16'' sch 10 

flexible joints 16'' sch 10 
4 X 2625 ft lfi" sr.h 1.0 co ·ft 16" ~C'!h 10 

8 exp loops ~:. . : els 16" sch 10 
flexible joints 16" sch 10 

316 ss 

.5 X 1400 ,ft 16" sch 10 fo ft 16" sch 10 
10 exp loops @ . :· els 16" sch 10 

flexible joints 16" sch 10 
4 X 2625 ft 16" sch 10 

\..40 ft 16" sch 10 
16 exp loops @ 4 ·el~ 16" !::idl 10 

4 flexible j~ints 16"· sch 10 
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TABLE A-2 MODULE PIPING (cont .. ) 

450.MWth 

Vertical 

Carbon Steel 

410 ft 18" sch 60 
410 ft' 18" sch 20 

1 e1 18" sch 60 

( 
3 els).8" sch 20 

40 ft 
1 exp loop x 4 els 18" sch 20 

4 ·flexible joints 

316 ss (welded + x-ray) 

410 ft 18" sch 40 
410: ft 18" sch 20 

1 ·el 18" sch 40 

2 exp loops x 

3 els 18" sch 20 

[ 40 ft 
4 4ls 1 @ 18" sch 20 
4 fl.exible joints 1 @ 18" sch 40 

Horizontal - fixed 

Carbon Steel 

316 ss 

100 ft 18" sch 60 
8·els 18" sch 60 
2 "Ts" 18" sch 60 
2 check valves 

'2 cjate valves 
1 PCV 

70 ft 18" sch 20 
11 els 18" sch 20 

2 ·''Ts" ·18" sch 20 
2 gat~ valves 

170. ft · ·18" sch 20 
6 ·els 1.8" sch 20 

18" 600# 
18" - 600# 
18" - 600# 

18" - 300# 

1 ·gate valve 18" - 300# N!11R'T'J 
1 PCV 18" - 900# t<lNRTJ 
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TABLE A-2 MODULE P.IPING (cont,) 

450 MWth 

Horizontal ~ variable 

1 module 
i 

Carbon Steel 

.· 

I 
ft 18" sch 20 · 
ft 18" sch 2o 

1 exp lQop @ [16~~ 4 . 4 els 18" sch 20 , 
flexible j~inls;. 18~ sch 20 

316 ss 

3 exp loops @ 

3 modules 

Carbon Steel 

2 X 1675 
.. ( 40 

~ ~xp loops @ t : 
1 X 3150 

Z exp loopo @ [ 
4l 

316 ss 

~t 18" sch 20 
ft 18" scli 20 
els lB" sch 20 
flexible joints;. 

ft 18" sch 20 
ft 18'~ sch 20 
els 18;' sch 20 
flexible joints 
ft 18" sch 20 
ft lS" sch 20 
els 18" sch 20 
flexible joints 

6 exp loops @ · · ·.4 els 16" sch 20 

18" sch 20 

18;; sch 20 

+S" sch 20 

·2 x·l675 ft 18" sch 20 
· { 40 ft 18" ~ch io 

· · 4 flexible joints 18" sch 20 
1 x 3150 ft 18" sch 20 

· {_. 40 ft lS" sch 20 
5 exp loops-~ 4_ els 18'' sc~ 20 

. 4 flexible joints 18" sch 20 
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TABLE A-2 MODULE PIPING (cont.) 

450 MWth 

Horizontal - variable (continued) 

6 modules 

Carbon .steel 

12 exp loops@ ·4 els lB"·sch 20 . 

. 6 x 3120 ft · ·18" ·sch 20 
. [ 4Q ft 18" sch 20 

. . , . . _'4. flexiqle joints 18." sch· 20 

316 ss 

ft ·, 18" sch 20 
f.t .18" sch 20 
~is 18" sch 20 

<'-· 6 ·"~ .{3l~g 
30 exp 'loops · ~ ... , 4 

. 1 : 4 flexible· joirits · 18" sch·2o 

g· modules 

Carbon Steel 

. 5 x 1675 ft 18" sch 20 
~ { 40 ft lS" sch 20 

S. ·'.exp loops .@,. . • . :4
4
. els 18" ·SCh 20 

flexible· j.oints. 
4.~ 3150 ft· 18" sqh·2o 
: ·· {40 ft 18" sch 20 

8 exp _loop,s: @. ' .. :.~·. eis 18" sch 20 
. . .. _4 f.iex.ib1~ .' )'oin~s 

18" sch 20 

·18" sch 20 

.. 316 ss 
: ~. 

5 x 1G75 ft 18'.' sch 20 -' . 

15 exp 
·t 4o f:t .. ·lB'' .. ~~h io 

loops·@ 4 el.s. 10" sch 2.0. 
· ··4.· ."f.lexible ·j,oints ... 18" 

. 4' /.x '~ 15 6 .f t ·, 1.8" s'ch 2 0 :· . 
· { 40 ft .18" ·sch 20 

loops @ ·:4 els; is II sch· 2o 
. :~ ~lex~b~e .joirits_. -18" 

sch 20 

20 exp 
sch 20 
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TABLE A-2 MODULE PIPING (cont.) 

600 MWth 

Vertical 

Carbon Steel 

1 exp loop x 

525 ft 20" sch 80 
.525; ft 20·" sch· 20 

1 el . 20." sch 80 
3 els 20" sch 20 ·1 

r 4o! ft. 20 sch 20 
el$ 20" sch 20 
flexible joint.~ 

" 
316 SS (weld~d + ~-ray) 

2 exp loops x 

Horizontal - fixed 

carbon St:eel 

525 ft. .20" sch 60 
525 ft 20" sch 20 

l. el 20" sch 60 
3 els 20" sch 20 c: ft 

els 
flexible joints 

100 ft 20" sch 80 
8 els 20" sch 80 
2 ''Ts" 20" sch 80 
2 check valves 
2 gate valves 
1 PCV 

7U ft ~0" sch 20 
11 els 20" ech 20 

2 "Ts" 20" sch 20 
~ gates. 

316 SS (welded + x~ray) 

170 ft 20" sch 20 
6 els 20" sch 20 
1 gate valve 

·1 PCV 
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2(} II !=:r.h 70 

1 @ 20" sc:h 
1 @ 20" sch 

20" 900# 
20" - 900# 
20" - 900# 

20" - 300# 

60 
20 

20 II - 300# l'1NRTJ 
20" 900# WNRTJ 
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TABLE A-2 MODULE PIPING (cont.) 

600 MW .. th .. ... · ....... 

Horizontal - variable 

1 module 

Carbon Steel 

. 2215 [40 2 exp loops @ .4 
4 

316 ss 

2215 

3 exp loops @· [ 4: 
3 modules 

Carbon Steel 

2 X 2215 

4 exp ioops @ [ 
4

: 

1 X 4265 

3 exp loops @ { 
4
: 

6 modules 

Carbon Steel 

6 X 4265 

18 exp loops @ { 

4
: 

316 ss 

6 X 4265 

36 exp loops @ ~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. 

A-19 

. -.. -~· ·-

2·o" sch 20 

20" sch 20 

20" sch 20 

20" sch 20 

20" sch 20 

20" sch 20 



TABLE A-2 MODULE PIPING (cont.) 

600 MWth 

Horizontal - variable (continued) 

9 modules 

Carbon Steel 

5 X 2215 ft 20" sch 20 

@ {4! ft 20" sch 20 
10 exp loops els 20" sch 20 

flexible joints 20" sch 20 
4 X 4265 ft 20 1

' ::Jeh 20 ro ft 20" sch 20 
12 exp loops @ 4 els 20" sch 'zo 

4 flexible joints 20" sch 20 

316 55 

5 X 2215 ft 20" sch 20 [40 ft 20" sch 20 
15 exp loops @ 4 els 20" sch 20 

4 flexible joints 20" sch 20 
4 X 4265 ft 20" sch 20 r: ft 20" sch. 20 

24 exp loopo @ els 20" sch 20 
flexible Jo.ints 20" sch 20 

I 
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APPENDIX B 

Table B-1 Sample Heat Exchanger Calculations 

Sample heat exchanger calculations are given for a selected set of turbine 

throttle/reheat steam conditions in terms 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 approach condition. 

Additional discussion is contained in Section 3.3. 

Given: 

Throttle Steam: 359,790 kg/hr; 16.6 MPa(g); 510°C 

(793,000 lbs/hr; 2400 psig; 950°F) 

Hot Reheat Steam: 323,400 kg/hr; 510°C 

(713,000.lbs/hr; 950°C) 

Boiler Feed Water Conditions: 238°C; 17.9 MPa(g) 

(460°F; 2600 psig) 

Cold Reheat Steam 
(Condition's out of HP Turbine): 3. 7 MPa(g); 299°C 

(540 psig; 570°F) 

Assumptions: 

Reheater ·steam Side 6P: 103. kPa(g) (15 psi) (across reheater) 

Blowdown = 2% of throttle steam 

Water/Steam Enthalpies: 

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

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/lb) 

Steam Into Reheater: 2964.4 kj/kg (1274.4 Btu/lb) 

Steam Out of Reheater: 3469.4 kj/kg (1491.5 .Btu/lb) 

B.-1 



Therefore, for the boile·r feeo water preheater: 

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 lbs/hr + [0.2 (blowdown) 

X 359,700 kg/hr = 366,893 kg/hr X 793,000 lbs/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·108 kj/hr = 66.26 Mwth 2.26l.X 108 B~u/hr) 

Similar calculations are carried out for the boiler, superheater and re-

heater. Since th~re is a constraint of a 5.6°C (l0°F) approach on the boiler 

feed water preheater, the salt flow rate is calculated as follows: 

Salt Temp. into BFW preheater 

Water temperature out of. BFW prehcatcr + 5.6° (l0°F) • 356,3°C (673.4°F) 

Q = W C AT 
p 

Q = Q boiler + Q superheater + Q reheater 
. . . 8 

= ~09.7 MWth (7.150xl0 Btu/hr) 

cp = 1.553 kj/kg- °C (0.371 Btu/lb- °F) 

AT= 562.8°C - 356.3°C = 206.5°C (1045°F - 673.4°F 371.6°F) 
6 . 6 

W = 2.353 x 10 kg/hr (5.187 x 10 lbs/hr) 

Salt temp. out of BFW preheater = 

356.3°C (673.4°F) - ATBFW 

ATBFW = QBFW/WCP = 

.;;..2-'-. ..::..3..:;..86::........::x.;:........::l;..:.0_
8

_k:..:...JL..:. /....:h.:..::r'--------- = 65 . 3 o C 
2.353 x 106 kg/hr x 1.553 kj/kg- c 

(
2.261 x 10

8 
Btu/hr · 1 = u_7.5°F 

5.187 x !On lbs/hr x 0.311 Btu/lb°F 

Salt temp. out of BFW preheater 

B-2 
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APPENDIX C: SALT CHEMISTRY AND SALT/MATERIALS COMPATIBILITY 
EVALUATION 

Appendix-G- is divided into two sections, Section C.l will in­
clude the salt chemical and physical properties, the salt chemical 

. •reacti'on 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.l Salt Chemistry 

Draw salt is a mixture of 60% 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.l.l Physical Properties 

The molten salt· chosen for consideration in this system is a 
eutectic mixture of 60% sodium nitrate and 40% 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 mixtures of potassium nitrate 
(KN03) and sodium nitrate (NaN03) are given in Table C-1. 
Draw salt is 64 mole % NoN03. 

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 KN0 3-NaN03 mixture, in.mole percentage 
of NaN0 3. Note that a 50-50 mole% mixture•gives the minimum 
melting point of 494K (430°F), which is considerably lower 
than the lowest operating temperature for this system. · 

' ' 
d) Heat Transfer Coefficient - The heat transfer coefficient 

ranges from 3860 to 14000 Kcal/hr·m2 •°C (800-2900 Btu/hr·ft2 ·°F) 
from data in Ref. C-9. 
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T(K) 100 90 so- 70 . 60 . 50 40 30 20 10 0 46 
-· -- ·-·-· 

625 1.878 1.876 1.874 1.872 1.870 1.1167 1.865 1.863 1.861 1.8.'>9 1.~ J.R/.6 
630 1.875 1.873 1.871 1.869 1.~ 1.116-1 1.86:? 1.860 J.l\.)7 1.85;> 1.8.'>3 1.86.1 
635 1.872 1.870 1.868 1.865 1.863 1.861 1.859 ).8;;6 1.8;;.1 1.852 l.l!..iO 1.860 
640 1.869 1.867 1.865 1.862 1.860 1.858 1.8;;5 ).8;;3 ).8;;1 1.819 1.~ 1.8.) i 
645 1.866 1.86-1 1.862 lll59 1.857 1.8.';5 1.852 ).1\.)0 I.IW! 1.8-15 1.~ 1.~ 

650 1.863 1.861 1.8;;8 1.8..i6 1.854 J.!IS1 UJ9 I.S.H l.S~ J.IU:? 1.8."W 1.~0 

655 1.860 1.858 1.855 1.853 1.850 1.S.JR 1.1146 1.~ l.S.U 1.838 1.8."\6 1.1\li 
660 1.857 1.854 1.852 u=;o I .SIT ·1:8t.'l. U~2 !.R-iO 1.837 

'. 
1.835 1.832 I.SI-1 

66S 1.854 1.851 l.IU9 I.IU6 1.S.U uu 1.839 1.836 • ~.83-1 1.831 1.829 I.S«< 
670 1.851 Ul8 l.IUS J.S.IJ J.SIO. 1.8.18 I.R3;; i;an 1.830 1.8:.!8 . 1.8:!;; J.P:\7 
675 ).lUi Ul-45 l.IU:.! UJO J·.aif 1.835 1.832 1.8:.!9 1.8.!7 1.8:!' 1.8:!<! J.O.U 
680 1.844 1.812 1.839 1.836 1.834 1.831 1.829 1.826 1.8::!3 1.8:!1 1.818 1.8."\0 
685 1.841 1.838 1.836 1.833 1.830 U~28 1.825 1.822 l.lllO 1.817 1.815 1.8.!7 
690 1.838 1.835 1.832 1.830 1.~7 1.824 1.822 1.819 1.816 1.814 1.811 l.R:!3 
695 1.834 1.832 1.829 1.826 1.82~ 1.821 1.818 1.815 1.813 1.810 1.!107 J.8ZO 
700 1.831 1.828 1.825 .).823. 1.8:20 1.817 1.814 1.812 1.80? 1.806 1.803 1.816 
705 1.828 1.825 1.822 :1.819 1.816 1.814 1.811 1.808 1.805 1.80..1 1.800 1.813 
710 1.824 1.821 1.819 11816 1.813 1.810 1.007 l.BM 1.802 l.TY9 1.7915 1.800 
715 1.821 1.818 1.815 1.812 1.809 1.807 1.80.1 1.801 1.798 1.795" '1.792 1.805 
720 1.817 1.815 1.812 1.809 1.806 1.803 1.800" 1.797 1.791 1.7111 1.788 1.802 

Tabte C-1 Density Data 
Mole Pe~aent NaN03 
Nume~aat Vatues in gm•am- 3 (Ref 8) 

TtK) 100 75 50 .. 25 0 

620 ; 
4.725 

S30 URI 
540 

... " ··- ''4'.(~· 
.. 

~so·· 3:11:2 ' 
5ciO . ' 3.506 
5.70 3.038- .,:3:262-~ 3.372 
S80 2.Bi9 3.0.10 3.165 
590 'Z.·Tl8 2.al9 i.'iiH 
~ 2.708 2.585 2.667 2.808 

. , ciur ... ·- :i.$7..J :2.450 .2.494 2.653 . 
fi:!O · . 2.~:s· .2.3:13 -~-348_ 2.511 2;76j 
630 2.323 2.205. 2.217 2.380 .·2.6os 

~0 2.208 2.09·1 2.100 2.260 2.465 
650 2.101 1.992 1.997 2.150 2.334 
(o(i(l 2.000 1.899 1.906 2.li-J!I 2.214 
670 ~.9!)7 '1.812 -1.826 1.%-J 2.102 
680 1.822 1.735 ).iSS 1.867 2.001 
69_0 J.74.J ).66~· L692 I. 'i'lll; 1.91)1) 
700 -1.6i5 .J.60t 1.1'1.111. 1.710 . 1.819 
710 1.614 1,5:JI I. :OKS J.MO I. 7.38 
720 .1.562 . 1.506 -. 1_.540 _1.:)",'-J 1.662 

'---'------

Table c~2 ·vi~aosity Data 
M~~e Pe~aent NaN0 3 
Numenaal Values in Centipoises (Ref 8) 
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e) Surface Tension - The surface tension for varying compositions 
of KN03-NaN03 mixtures is given in Table C-3. 

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

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

h) 

i) 

j) 

C.1.2 

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

Electrical Resistivity- 0.77 ohm•cm is the value given for the 
electrical resistivity in Ref. 9. 

Coefficient .of Expansion - The coefficient of linear expansion 
is 5.13xl0-5/°C (2.85xl0-5/°F), and 3.64xl0-4 /°C (2.02xl0-4 /°F) 
is the coefficient of cubic expansion (Ref. 9). 

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: 

XN03{~)~ XN02(~) + 1/2 0 (g) 

XN02 (.R.) + 1/2 02 (g)~ XN03 (2.) 

(where: X = Na, K, or a mixture) 

(1) 

(2) 

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 e:x.~o.rn:!sslon for the !or"Ward (Eq. 1) 
8nd r.everse (Eq. 2) reactions io written RR fnlJow~: 

K = [XN02 ]P02~ 
[XN03] 

(3) 

at constant temperature. The equilibrium constant, K, is defined 
to be the ratio of the concentration of products to reactants • 

. C-4 
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T(K) 100 90 so· 70 60 so 40 30 20 

500 i2~.2 
510 I21.8 I21.4 J21.2 
520 I2l.O 120.7 I20,4 
530 I20:3 120.0 119.7 ll9.4 
540 I20.I 119.6 119.2 ll8.9 ll8.7 
~ ll9.4 ll8.9 118.5 ll8.2 ll7.9 ll7.7 
560 ·ll9.2 118.7 ll8.2 ll7.8 ll7:4 ll-7.1· U6.9 
570 u8.s }18.0 ll7.5 IH.O · ll6.6 .ll6.3 ll6.I 
580 ll7.9 Il7.3 ll6.7 ll6.3 ll5.9 ll5.5 115.3 
590 ll7.9 117.~ ll6.6 .ll6.0 llS.S ns.I 114.8 ll4.5 
6QO ll7.2 . 116.5 115.9 ll5.3 11'4 .. 8 114.3 114.0 p3.7 
610 ll6.6 IIS.8 115.2 I14.5 ll4.0 113.6 113.2 'll2.9 
620 116.8 ll5.9 115.I 114.4 J13.8 113.3 llU II2.4 II2.0 
630 116.2 ll5.3 114.5 113.7 113.I 112.5 I12.0 lll.6 II 1.2 
640 115.5 ll4.6 113.8 I}3.0 112.3 111.7 llJ.2 110.8. I10.4 
650 114.9 ll4.0 ll3.I 112.3 lll.6 111.0 II0.4 110.0 I09.6 
660 1I4.3 II3.3 II2.4 .I11.6 ll0.9 110.2 109:6 109.1 I08.7 
670 113.6 112.6. 111.7 110.9 110.1 109.5 i08.9 108.3 107.11 

TabLe C-3 Surfaae Tension Data - MoLe Peraent NaN03 
NumeriaaL Values dyn•am- 1 

C-5 

10 o· 46 

122.1 
121.3 
120.6 
119.8 
119.1 
118.-J 
117.6 

ll5.9 ll6.9 
ll5.I ll6.1 
~I4 .. ~ . I I4.1 115.3 
Il3.4 

.. 
lll.3 114.6 

ll2.6 Il2;4 H3.8 
II I .8 IH.6 113.1 
110.9 110.7 I 12.3 
JJO .. I 109.9 111.5 
109.2 109:0 110.8 
108.4 108.) 110.0 
107.5 107.3 109.2 

' . 

. :. 
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The concentration of oxygen in the gas phase is 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 i:litrate will 
be converted to nitrite if 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.l.3 Draw Salt Degradation Reactions 

The degradation reactions discussed in ~his ·report are those 
which, unlike the nitrate-nitrite equilibri~ 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 XN02 (R.)~X20 (s) + N02{g) +NO (g) (4) 

XzO (s) + 2N02 (g) ---111.. XN02 (R.) + XN0 3 (R.) (5) 

X20(o) + H20 (R./g) - =.,..·2XOH (s) (G) 

X20(s) + C02 (g)~ X2co 3 (s) (7) 

2XOH(s) + C02 (g)~ X2C0 3 (s) + H20 (R.) (8) 

Eq. 4 shows the formation of the oxi~e, and Eq. 5, 6, 7 show 
its consumption. The amount of oxide formed is dependent on the 
concentration of the nitrite. which can be 11 controlled" by the 
oxygen partial pressure as shown in the previous section. 

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

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

. c-6 
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The carbonate can also be formed by the reaction of t~e.hydroxide 
with ~02 as seen in Eq. 8 (Ref. C-1, C-5, C-6, C-10). 

The precipitates f~rmed from t'he• degradation reactions may inter­
fere with heat transfer in heat exchangers, mechanically foul pumps 
and lines~ and ultimately remo.ve a portion of the salt from service: 

C.l.4 Salt Processing and Cost Considerations 

C.l.4.1 Initial Processing 

The quantity of salt required for heat transfer and· storage in 
the plant is large, abou~ .. 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. 

TabZe C-4 Specifiaatipn for Potassi.wn Nitrate 

Component Wt •. % 

KN03 
NaN0 3 
NaC03 
NaOH 
Chlorides as CR. · 
Sulfur as S03 
Iron as Fe203 
Calcium as Ca 
Magnesium as Mg 
S:l,lica as Si02 
Alumina as AR.203 

96.4-97.8 
1.8-3.2 
0.15 max. 
0.10 max. 
0.03 max. 
0.06.max. 
0.015 max. 
0.03 max. 
0.03 max. 
0.02 max. 
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 

ComEonent T}':Eic<~.l Wt. % Maximum Wt. 

NaN03 99.4-99.5 
NaN02 0.012 0.02 
NaCJI.. 0.15 0.2.5 
Na2 S04 0.30 0.35 
Si02 0.0030 0.004 
CdO 0.00.5 0.03 
MgO 0.0010 0.002 
M.2_03 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/lb). 

C.l.4.2 Salt Conditioning 

The Gmall amount of de&l:'aualluu ln the salt 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 
performed by using the same equipment that is used for. meltini. 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/lb/yr), or $39.009 per kilogram 
($0.086/lb) over the 30 year life of thP. pl~~t. 

C.l.4.3 Salt Cost 

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

Pnt~sstum Nitrate: $200/T fob, Vicksburg,·Ml~~lssippi 
$220/metric ton 

Sodium Nitrate: $154/T fob, Lake Charles, Louisiana 
$169/metric ton 
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Pigu.1•e C-2 Salt Melting P'low D-iag1•aJn 
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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 ar·e 
estimated at $54.20 per metric ton, FOB origination, making the 
total_ cost $243.60 per metric ton ($0.111/lb). 

C.l.S ·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 vapors, but, 
as shown in previous sections, due tp 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 and burn at the surface 
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 spray spr:l.nklers or low-velocity fog nozzles will 
not penetrate the surface of the salt sufficiently to cause 
spattering, and is the reconunended 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 salt. Although· 
. small quant·ities of sodium nitrite is currently being used as a food 
additive, large doses may cause. headaches, collapse, and even d~ath. 

\ . 

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/Materials 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 corroslon resistance of materials in a salt 
environment at elevated.temper~tures. 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, 
bec.ausP. of thP l~ck of data, candidate mntcrialo huve been 
selected to undergo corrosion tests at Martin Mariett~. 

The corrosion tests have been designed to determine three 
types of corrosion proper~ies: (1) general corrosion, (2) stress 
corrosion of the parent m~terials, ~~~ (3) general corrosion of 
the weld metals. This appendix addresses the co~rosion data 
resulting trom previous Martin Marietta·tests. For more informa­
tion on these tests, see'Reference C-5. 

Candidate materials were chosen on the basis of high tempera­
Lure stab111ty-srrertgth 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. 

Th~;> rP.~nll ts of the corrooion were evaluated by weigl1L galu 
and/or loss of samples. The weight gain/loss data for all materials 
test.ed are shown in Figures C-3, C-4, and C-5. Some of the general 
corro~ion effects visually noted wPrP (1) the carbon ~teel, A516, 
shu·wed areas of bare metal due to tlaking of the corrosion layer at 
755K {900°F), as did the Staiul~~s steel 121 at 866K.(ll00°¥), 
(2) the corrosion layer on the ·.rncoloy 800 sample was a black, 
smooth, uniform film, and (3) all the samples gained·weight with 
increasing time unless flaking occurred. 

Corrot;~ion data on the ind:lvidii<!l matP.dal~; Lasted 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 galn, but after 
10 days flaking occurred 1 r..;:~.us5.ng a noticeable weight loss 
(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 he 
a suitable material for the low-temperature .portion of the 

C-12 

' 



• • 
Tab"le C-7 Qua~i~a.tipe Asses.~TT}e_nts· of CorTosion by Heat Transfer. .Sq.~t (l!i.t,f!~) . . .... · •.. . . . . . . . . . ·,. 

TIME. TEMP. BLANKET -
... .. .. ALLOY YR oC (.oF) 'GAS SYSTEM.·. COMMENTS ... -· : .. · 

·- .. . - . .. .. t iRCULATI'NG·:· N·o· NOTICEABLE- COR.ROSI ON· .. .... ASTM-A-285 3 427 (800} . AIR .. 
- . GRADE:c. 418-427' LIMITED AIR CIRCULATING NO NOTICEABLE CORROSION 3 

CARBON STEEL (785-800) 
{ · ... 2.5 468 (875)' STEAM · · CIRCULATING NO" NOTICEABLE CORROSION·· 

.. . . .. 347 ss 1.3 566 (1050) ·AIR HEAT TREAT NEGLIGIBLE CORROSION: 
(') 
I BATH 1-' 

U> 

... 2 538 (1000) STEAM.·. CIRCULATING NO. NOTICEABLE:. CORROS·I ON 
. . . 

499-549 ? CIRCULATING NO VISIBLE ATTACK SEAMLESS' 0.8 . 
STAINLESS (930-1020) 
TUBING·. ., ... -· .. . ' ... 

. REFERENCE: BOHLMANN .. E.G I .I 
11HEAT TRANSFER SALT FOR HIGH TEMPERATURE: STEAM . 

·. ,• .. GENERATION/' ORNL-TM_;3777 ... OAK RIDGE NATIONAL..lABORATORY 



TabZe C-8 Corrosion Teat MateriaZa 

Material SJ2ecifica tion 

Carbon Steel ASTM A516 Grade 

3/4 Cr - 1/2 Mo ASTM A387 Grace 

316 CRES QQ-S-766 

321 CRES QQ-S-766 

347 CRES QQ-S-766 

A286 AM:> 5525 

Incoloy 800 ASTM B409 
:• 

C-14 

70 

c 

Condition ·:· 

Normalized 

Normalized & Tempered 

Annealed 

Annealed 

Annealec:l 

Solution Heat 
.. Tempered 

Annealed 



• • 
ANALYSIS PERCENT 

MATERIAL C. MN SI CR NI Mo TI p s OTHER FE -------
CARBON STEEL 

•. 

A516 0.31 1.25 0.33 0.035 0.04 ·-· Remainder 
max .max max max max 

CHROME-MOLY 
A387 0.15 0.60 0.55 4.00 0.70 ·0.040 .. 0.030 Remaind£:>.r . 

max max max 6.00 max . max max 
I 

STAINLESS 
(") 316SS 0.08 2.00 1.00 16.0 10.0 2.00 0.045 0.03 . ··Remainder 
I max max max 18.0 14.{) . 3.00 max max 1-' 
Vl 

321SS 0.08 2.00 1.00 17.0 9.00 . 5xe 0.045 0.03 Remainder 
max max . max 19.0 12.00 min max .max 

347SS 0.08 2.00 1,.00 17.0 9.00 0.045 0.03 10xC min .Rerrainder 
max max max 19.0 13.00. max max Cb:+.Ta . Ren'lainder 

A286 0.05 0.2 0.70 15.00 25.0 1.25 2.15 v,o·.3olj Remainder 
max . Ai,0.2.' ~-

.:·q . 
.• 

: ·· . 

. NICKEL· ALLOY i 

INCOLOY 800 0.05. 0.75 0.50 21.0 32 .• 5 ·o. 38 o;oo8 . At, 0. 38 ;" Remainder 
cu!,o.3S 

Table C-9 Primary Steel C~didates 
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b. 

c. 

d. 

e. 

I 

salt system. For more information on the corrosion test 
results for A516, consult Reference C-5. 

Chrome-Moly Steel, A387 - The chrome-moly steel was 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 s~ightly·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-temperature 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 of· the material. The 
general corrosion resistance makes 316 stainless steel a good 
candidate for use at less ~han 700K (800°F). A more detailed 
discussion of the results is given in Reference C-5. A low 
carbon stainiess steel, 3161, would reduce sensitization and 
jntP.rgranular corrosion put 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 g·ain 
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 us~ uf 321 io 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. 

f. 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 34 7 stain­
les's, both in practical applications and in corrosion testing 
at temperatures up to Rl?K (1000°F) with no noticeable 
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 Rt 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. 

g. Incoloy 800 - Incoloy 800 is a high-nickel alloy used extens~ 
ively in corrosive 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. Photomicrographs (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 stee1, the cost of the lncoloy 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 cand:!,date material for the h1.gh~temperaturc piping 
and heat exr.h<~.nge:r: s•Jrface area of the draw ~l'llt system, 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 w~s chosen for the receiver tubing. 

For more details 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 drai,n 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 appli,cations it is 
necessary to use valves. fitted· with radiation fins in order to 
protect the.packing· glands. Salt lines an4 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 wnich 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 ma-terial and the '~itec.' 
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 .'~itec' is preferably 
done with electric immersion heaters or s·team coils 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, more likely, to expel mol tPn 'Hitec.' through the 
solid salt surface." 
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APPENDIX D: HELIOSTAT FIELD COORDINATES 

to 
The coordinates for a 12,484 heliostat module have been supplied 

Sandia-Livermore 

Column 1 
Column 2 
Column J 
Column 4 
Column 5 

on a magnetic tape. The formai' of the tape is: 

Heliostat Row Number 
Heliostat Number 
X-coordinate (meters) 
Y-coordinate (meters) 
Z-coordinate (meters) 

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 ~ts origin at the center .. of the respective aperture. 
All heliostats in the south quadrant are aimed at the center of 
the south aperture. 

TabZe D-1 North Quadrant Aim Inputs 

Zone Radius ( X y z ) 

121.00 o.ob·" 0.00 -5.67 
148.00 0.00 o.oo: -3:90 
175.00 0.00 o.oo -2.75 
200.00 0.00 0.00 0.00 
225.00 0.00. o.oo 1.83 

. 251.00 0.00 0.00 3.96 
275.00 0.00 0.00 3.,21 
303.00 0.00 0.60 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 
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TabZ.e D-2 East/West Quadrant Aim Inputs 

Zone Radius ( X y z ) . 
121.00 0.00 0.00 -4.70 . 
148.00 o.bo 0.00 -3.76 
175.00 0.00 0.00 -2.65 
200.00 0.00 0.00 0.00 
225.00 0.00 0.00 1.77 
251.00 o.oo 0.00 0.00 
275.00 n.nn 0.00 0.00 
303.00. 0.00 0.00 .88 
327.00 0.00 0.00 .. 3.io 
355.00 0.00 0.60 3.10·' 
382.00 0.00 0.00 0.00 
415.00 0.00 0.00 .88 
446.00 0.00 0.00 -2.65 
482.00 0.00 0.00 3.10 
520.00 0.00 o.ou -2.65 

. 562.00 0.00 0.00 -2.96 
'605.00 0.00 0.00 0.00 
652.00 0.00 0.00 0.00 
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APPENDIX E: DATA LISTS 

This appendix contains the requested data ·for .. the design 
characteristics and performance fo~ each subsystem of the selected 
100 MWe-18 hour solar central receiver hybrid power system. 

I. COLLECTOR SUBSYSTEM 

A. Design Characteristics 

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

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

3. Field Oversizing for Dirt on.Mirrors, Reliability, etc.: Hello­
stat reliability of 0.997 used in design point stairstep, result­
ing in oversizing of each hleiostat field of 1837 m2 (37.45 
heliostats). 

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

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

6. Heliostat Geometry and Size: 12-facet glass/steel inverting 
stow heliostat; 49.05 m2 (528 ft 2) reflective surface; 7.416 m 
x 7.378 m (24.33 ft x 24.20 ft) overall dimensions. 

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

B. Operating Characteristics 

1. Power to Track: 
Standby Power: 

25 W/heliostat (5.097xlo-7 MWe/m2); 
0.0 W/heliostat 

2. Heliostat Operating Modes:. -The Collector Subsystem reflects 
solar radiation onto the Receiver Subsystem in a manner which 
satisfies receiver incident heat fluK requirements. In addi­
tion, the Collector Subsystem will execute alt~rnative drive 
modes in response to commands from the Master·Control Subsystem 
for emergency defocusing of the reflected energy or to protect 
the heliostat array against environmental extremes. The 
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heliostat will be properly positioned for repair or.mainten­
ance in response to either master control or local-commands. 
~eliostat design provides for stored or safe position.for use 
at ·night, during periodic maintenance and during adverse 
weather· conditions. · · 

3. Control System Characteristics: See Section 5.7.2, ·volume II. 

4. Operation and Survival Versus Environmental Conditions: The 
heliostat operation and surviva~ meets the environmental con­
ditiono specified in the Systems Requ!n:!llitm.t Definition, as 
discussed in Reference 5-l. 

Maximum temperatur~ for operation = 40°C (104 °F) 
-· Minimum temperature for operation • ·o~c (32~F) 

Maximum windspeed for heliostat·operation, per ~eference 5-l, 
pg 6-23, is '16.1 m/s (36 mph). · · 

5. Field eff1e1eftty ~~lues~ F(ea,ee) ·for 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, 

0 30 60 

5 .282 .282 .274. 

15 .527 .520 .495 

SUN ELEVATION 25 .616 .612 .600 
ANGLE, DEGREES 45 .685 .683 .668 

65 • .703 :699 .686 

89.5 .690 .689 .687 

II. RECEIVER SUBSYSTEM 

A. Design _C_!!~racteristiCs 

1. Re~eivet• ·ludght 
Receiver width 
Receive~ depth 

= · 30.8 m. (101 'ft) 
26.7.m (87.6 ft) 

= : 26. 7 m (87. ~ ft) 

E-2 

75 

.255 

.4763 

.581 

.655 

.670 

.fiB~ 

DEGREES 
qo 110 130' 

.-245 .240 .231 

.460 .452 .448 

.569 .555 .551 

.634 .622, .616 

. 6.58 ,65Q .647 

,679 .676 .677 



2. 

3. 

4. 

5. 

I 

Area of Apertures: 

North 16.5 m (54.1 ft) square .. 272.3 m2. (2942 .ft2) 
South 10.6 m (34.8 ft) square ... 112.4 m2 (1214 ft 2) 
East 14.6 m (47.9 ft) square .. 213.2 m2 (2303 ft 2) 
West 14.6 m (47.9 ft) s·quare · .. 213.2 m2 (2303 ft 2 ~ ,., . ' ,. <I, a.it. i ~2 · <·a.762. ft2) 

Area of Absorbing.Surfaces: (Assumes all panels are flat surfaces, 
i.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 incl';lded.) · 

· North: back wall · 99.0 m2 (1065.6''it2 ) 
east· side wall 233.6 m2 (2507.7 ft 2 ) 
west side wall 233.0. m2 (i507.7·ft2 ) 

South: back-wal+ = 72.0 m2· (.775.0 ft2 ) 
east side wail i26.6 m2 (1362.4 ft 2 ) 
west side. wall = 126.6'm2 (i362.4 ft~) 

East: · b·ack wall · . 80'.4 m2 (865. 8· ft 2 ) 
north side wall = 19:7 ,'7 iri2 (2128.5 ft 2) 
south side wall = 151.1 m2 (1626.9 ft 2 ) 

West: back w..all -· 80.4 m2 .(865.8 ft 2 ) 
north s.ide wall = 197.7 m2 (2128.5 ft 2 ) 
south side wall = 151.1 m2 (1626.9 ft 2 ) . . 

Total = 1748.6 m2 (18823.2 ft 2 ) 

Absorber Tube: 

OD = 38 .1 mm ( 1. 5 in • ) 
ID = '34.8 mm (1.37 in.) 
Wall = 1.65 mm (0.065 in.) ;·: 

Absorbet'tube lengths (east zon~'listed~ west zone identical) 
, . 

(6 7. 3 ft) Panel 1 20.5 m 
2 2).0 m (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 19.1 m (62.7 ft) 
8 19.1 m (~2.7 ft) 
9 18.8 m (61: 7 ft) 

10 18.0 m (59~1 ft) 

Total per Zone 207.5 m (681.1 ft') 

Number of panels 20 

Number of tubes/panel 78 
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6. Panel materials -Incoloy 800 
Total mass of panels = 49,146 Kg (108,350) 
Mass per panei (east zone listed, .west zone .. identical) 

·.· 

7. 

8. 

1 2,428 Kg ... (5,353 lbs) 
2 2, 724 Kg (6,005 lbs) 
3 2, 724 Kg· (6,005 lbs) 
4 2,688 Kg (5, 926 lbs) 
5 7,n05 Kg (5,7113 lbo) 
b 2,522 Kg (5,560 lbs) 
7 2,262 Kg (4,987 lbs) 
8 2,262 Kg (4,907' lL::.)l· ''. 
9 2,226 Kg (4,908 lbs) 

10 . 2.~132 Kg (~, 701 lb·s·) 

Total Per Zone 24,573 Kg, (54,175 lbs) 

Hea~ !ipe Material - not applicable. 

Header Material - Incoloy ROO 
·., 

Total Mass of Headers 5941 Kg (13, 097 lbs) 
Mass per header, includes upper and lower header 
listed, west zone identical) 

Panel 1 302 Kg (666.12' lp) 
2 '277 Kg (609.82 lq) 
3 302 Kg 

j (666 .12' lb) 
4 '302 Kg (nn6 .12 lb) 
5 302 Kg (lififi. I?. I. b) 
6 302 Kg (666.12 lb) 
7 277 Kg (609.82 lb) 
8 302 Kg (666.12 lb) 
9 302 Kg (666.12 lb) 

10 302 Kg (666.12·lb) 

Tot<'ll per Zone"'2,970 Kg , .(654R',6 lbs) 

9. Inoulotlen Materidl: 

·ouraback, Fiberfax Ceramic Fiber 
The Carborundum Company 
P.O. Box 808 
Niagara Falls, ·NY 14302 

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

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

Total mass of structure (including sic;li~g, roofing and door~) = 
666,476 Kg (1,469,304 lbs). 

11. Support Material: 

Standard A36 steel sections 

Total mass of support s~ructure = ·39,817 Kg (87,780 lbs). 

12. Piping Material: Incoloy 800 and 347 cres. 

13. 

Total mass of receiver piping (excluding panels, headers, valves 
and tower riser and downcomer) = 16,508 Kg (36, 393 lbs) •. · 

Valve Material: 

Valves (Receiver 

2 .3048 m 
8 .1016 m 
10 .0508 m 

347 cres 

only) 

(12 in.) @ 408 Kg (900.lb) ea 
(4 in.) @ 36.3 Kg (80 lb) ea 
(2 in;) @ 8.2 .Kg (18 lb) ea 

= 816.0 Kg (1800 lb) 
210.4 Kg (640 lb) 

= 82.0 K~ (180 lb) 

,_ 
•.'. 

Total per receiver 1188.4 Kg (2,620 lb) 

14. Receiver Pumps - not applicable 

15. Other Receiver Items: 

Absorber panel lateral support pipe 

Pipe supports, valve supports, access 
ladders, railing, gratings, insulation 
attachments, etc. 

Door hoist mechanisms 

Total other items/receiver 

= 

= 
= 

28,121 Kg (61,994 lbs) 

9;307 Kg (20,517 lb) 

6, 753 Kg (14 ,'888 lb) 

44,181 Kg (91,399 lb) 

16. Total Dry Mass on Top of Tower: 849,889 Kg (1,873,653 lbs). 

17. Total Mass of Receiving Working Fluid 

(excluding tower riser and downcomer) 
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18. Receiver operational seismic load (at the aperture centerline 
elevation): 

Vertical acceleration 
Horizontal ~cceleration 

2_0.45g 
2_0.16g 

19. Receiver survival seismic load (at the aperture centerlin_e 
elevation): 

Vertical acceleration 
Horizontal acceleration 

2_0.75g 
_<_0. 317g 

20. Receiver is designed to meet Section I of the ASME Boiler and 
Pre~~vre Vessel Code. 

21. Optical Characteristicc: 

Pyromark series 2500 high temperature protective c.oating 
Tempil Division 
Big Three Industries, Inc. 
South Plainfield, NJ 0/080 

Panel absorbing surfaces, a =0.95, c~0.90 
s 

Inactive Surfaces, a =0.32. £=0.84 
s 

22. Receiver pressure drop correlations: see 5.3.3 

23. Receiver heat transfer correlations: see 5.3.3 

24. Receiver heat transfer correlations (for receiver losses): 
see. 5. 3. 4 

25. Tower Construction; Reinforced concrete conical tower, 
156.67 m (514 ft) to t~p of t?_wer. 

26. 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 10, SCH 20, SCH 30 

27. Riser/downcomer total lengths, m(ft): 701 (2300) 
(I'IJo Modulco) 

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

29. 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(lb): 55056.7 (121,400) 
(Two Modules) . . 

32. Horizontal piping material: Cold Lines: C.S.·Al06 GR.B 
Hot·Lines: S.S. A347S 

Thickness: Cold Lines: SCH 10 
Hot Lines: SCH 30 

33. Horizontal piping total lengths, m(ft): 6754.4 (22,160) 

34. Mass of horizontal piping, kg (lb): 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 material: 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 valves (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 
Mate:dat: S-5 carbon steel 
Number: Four operating; one spare 
Mass, Kg(lb): 14,125.2 (6406) ea. 

rr 101: Salt transfer pump (from melt tank to eold storage tank) 
Material: S-5 Carbon Steel 
Number: One operating 
Mass; kg(lb): 407.7. (899) ea. pump . . 
PP-107A,S: 
Material: 

Water Recirculation Pump 
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 

J,>P-101: 
Type: 
Speed: 
Head: 
NPSH!. 
Operating 
Power: 
r.r~pr~rity: 

Salt Transfer Pump 
Centrifugal. 
1750 rpm 
17.1 m (56 ft) 
..914 m (3 ft) 

Temperature: 288°C (550°F) 
6.11 KW (8.2 HP) 
.0716 m3 /~ (200 g~m) 

PP 102A,D,O,D,G: Hain CirLulaliuu Pwup:s 
Type: C~ntrifugal 

Speed: 1750 rpm 
H~ad: 44,2 m (145 ft) 
NPSH: 5.18 m (17 ft) 
Operating Temperatur:~?:. ·288°C .(550°F) · 
Power: 2.57 KW (L44 HP). · 
Capacity: .2601 m3/s (4,125 gpm) 

PP-105 
Type: 

A,B,S, and PP-106 A,B,S: Receiver Booster Pumps 
Centrifugal 

Speed: 
Head: 
NPSH: 
Operating 
Power: 

·Capacity: 

3550 rpm . 
294;1 m (965 ft) 
12.80 m (43 ft) 

Temperature! 288°C (550°F) 
18&3.6 KW (2526 HP) 
.2601 m3/s (4125 gpm) 

PP-107 A,S: Water Recirculation Pump 
T~pe: · Centrifugal 
Speed:. 3350 rpm 
Head: 38.40 ·m (126 ft) 
NPSH:· 2:44 m (8ft) 
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 He~i gxchanger Characteristics 

TT-101 
Service: Boiler feedwater prehe~ter 

·Number Required: One 
Type: NEN (TEMA Standard) 
Orientation: Horizontal .. 
Number of Tube Passe~: 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, nun(in): .159 (5/8) 
Tube Layout and Pitch Dimension, nun (in): ~30 . 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) 
Ac.tive External Surface Area Per Unit,. m2 (ft 2 ): 2064.2 (22220) 
LMTD, ·oC(°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: Boiler· feedwater/steam 
Shell Side Fluid: Molten draw salt 
Tube Material: 1 Cr ~Mo 
Shell Material: 1 Cr ~Mo 
Number of Tubes:· 32 00 
Tube OD/ID/Wall: .1905 '(3/4) 
Tube Layout and Pitch Dimension, nun(:in): ~ 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, m2 (ft2 ): 2334.9 (25133) 
LMTD, °CC'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 Pa~ses: One · 
Tube Side Fluid: Steam· 
Shell Side Pump: Molten draw salt 
Tube Material I . 347· ~s. 
Shell Material: 347 SS 
Number of Tubes: .· 2242 
Tube OD/ID/Wall·, mfu(in)! : .159 (5/8). 
Tube Layout and Pitch Dimension, mm(in): ~ 30 19.84 (25/32) 
Baffl~ Type_and SpaCing, ~(in): . Triple segment, 409.6 (16 1 l/8il) 
Unit Size .(tube' length/Hx·.r.D.)·, ni(ft): 12.19 (40)/1.04 ·(3.42) 
Mass per Unit, kg(lb): 62630 (138,100) · 
Active External Surface· Area per Unit, m2 (ft2 ): 1363.2 (14674) 
LMTD, °C(°F): 42.44 (108.4) 

TT-104 
Service: 
Number Required: 
Type: 
Orientation:. 

Steam reheater 
One 
NEN (TEMA Standard) 
~oriz6ntal 

Number of Tube Passes: One 
Number of Shell Passes: One 
Tube Side Fluid: Steam 
Shell Side Fluid: Molten. Draw Sait 
Tube Material: 34 7 .SS 
Shell Material:. 347 SS 
Number of'Tubes: 2481 
Tube OD/ID/Wall, mm(in) : .. 159 (518) 

. •• •:. I 

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 (ft 2): 1131.5 (12180) 
LMTD, °C(°F): 37 (102.2) 
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B. Operating. Characteristics 

1. Rec~iver .. Incident. Power (Noon Day 172) .. 

Panel (East zone @ Maximum @ Design Point 
listed, West Insolation Insolation 

identicaH · MWt(990- ~Lm2 ) MWt(950 W/m2 ) zone 
·'. 

1 19.8 19.1 
2 24.5· 23.5 
3 37.9 36.4 
4 41.2 39.5 
5 19.3 18.5 
6 3.1 -3.1 
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. 

Total _per Receiver 421."0 404.5 

2. Receiver Absorbed Power (incident minus solar 
day 172 

Panel (East zone @ Maximum @ Design Point 
listed, West Insolation Insolation 
zone identical) MWt(990 W/m2)MWt{950 W/m2 ) 

1 19.4 · 1~. Z· 
2 24.0 23.0 
3 37.2 35.7 
4 40.4 38.7 
5 18.9 18.1 
6 3.2 3.1 
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 

Total per Receiver 412.6 396.2 

@ Min~mum 
/ 

Operating 
Condition 
MWt 

Not 
Determined 

Not 
Determined 

refiected) noon 

@ Minimum 
·operating 
Condition 
MWt. 

Not 
Determined 

Not; 
Determined 

/ 



3. Flux Maps: See 5.3.2.7 

4. ~eak Flux Absorbed (incident minus solar reflected solar), noon 
day 172 . 

@maximum insolation (panel 2) = .607 MWt/m2 (191.7xl03 Btu/hr-ft2) 

@ design point insolation (panel 2) = .582 MWt/m2 (184xl0 3 Btu/hr-ft2) 

5. Average Flux Absorbed (incident minus reflected solar), noon 
~ay 172 (Surfac~ area, 1748.6 w, d~fined in II.A.2) 

@ maximum insolation: 412.6 MWt 
= 1748.6 m2- 0.236 MWt/m2 

@ design point insolatiou: J96.2-MWt 
1748.6 m2 0.227 MWt/m.2 

@ minimum operating condition: not determined 

6. Salt temperatur~ into receiver 

Salt temperature out of receiver 

288°C (550°F) 

566°C (1050°F) 

7. Receiver working fluid operating pressure: 

in 2.206 MPa (320 psig) 

OUt == 0.103 MPa (15 psig) 

8. Receiver working fluid flow rates; 

@ maximum insolation -

··per panel i.619xl06 Kg/hr (3.569xl06 lb/hr) 
total =· 3.238xl06 Kg/hr (7.139xl06 lb/hr) 

@ design point insol~tion -

per panel ... 1.548x106 Kg/hr (3.413x106 lb/hr) 
total = 3.096xlo6 Kg/hr (6.826xlQ6 lb/ht") 

@ minimum operating condition - not determined 

9. Receiver working fluid velocities: See 5.3.3 

10. Receiver losses: See 5.3.4.2 and 5.3.4.3 

11. Peak metal temperatures in receiver: See 5.3.4.3 

12. Peak working stress in receiver: See 5.3.2.5 
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I 13. Fatigue life: See 5.3.2.5 and 5.3.3 

14. Receiver heat transfer coefficients: See 5.3.3 

15. Receiver ramp rate: 

Expected average ramp rate = 3% of maximum absorbed power per 
minute. 

16. Steam generator heat exchanger discharge rate (with collector 
field operating and storage being charged), design: 

Total, MWt: 263.61 

Unit 

TT-101 
TT-102 
TT-103 
TT-104 

Name 

Boiler Feedwater Preheater 
Steam Generator 
Steam Superheater 
Steam Reheater 

Rate; MWt 

50.26 
106.1 

71.62 
35.63 

17. Working fluid (salt) operating temperatures: 
! , '.. r··· 

Unit ~N=am~e----------~ 

TT-101 Boiler feedwater 
preheater 

TT-102 Steam generator 

TT-103 Steam superheater 

TT-104 Steam reheater 

340.3(644.4). 

451.0(843.6) 

562.9(1045) 

562 .. 9(1045) 

18. Water/steam operating temperatures: 

Unit N~a=m=e~-----------
TT-101 Boiler feedwater 

preheater 

TT-102 Steam generator 

TT-103 Steam superheater 

TT-104 Steam reheater 

In, °C(°F) 

237.9(460) 

328.9(623.8) 

328.9(623.8) 

339.8(643.3) 

19. Working fluid (salt) operating ~ressures: 

287.9(550) 

340.3(644.4) 

451(843.6) 

451(843.6) 

Out, °C(°F) 

328.9(623.8). 

328.0(623.8) 

539.1 0-002) 

539.1(1002) 

Unit Name 
~==----~------

In, KPag(psig) .. Out, KPag(psig). 

TT-101 Boiler feedwater 
preheater 

TT-102 Steam generator 

TT-103 Steam superheater 

TT-104 Steam rehea.ter 

489.7(71) 420.7(61) 

551.8 (80) 

648.4(94) 

648.4(94) 
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20. Water/steam operating pressures: 

Unit Name In, Kpag (psig). Out, Kpag (psig) . 

TT-101 Boiler feedwater 12! 656 (:!.835) 12,649(1834) 
pre heater 

TT-102 Steam generator 12,643(1833) 12,566(1822) 

TT-103 Steam superheater 12,553(1820) 12,519(1815) 

TT-104 Steam reheater 2,800(405) 2,731(396) 

21. Working fluid (salt) flow rates: 

Total 
• i 

ue!';ign, k.g/ln: (lu/lu:): 617.5 (4.90l.Kl06) 

TT-101 Boiler Feedwater Preheater 

design, kg/hr(lb/hr): ·· 617.5 (4.90lxl06) 

TT-102 Steam Generator 

design, kg/hr(lb/hr): 617.5 (4.90lxl06) 

TT-103 Steam Superheater·· 

design, kg/hr(lb/hr): 412.2 (3.272xl06) 

TT-104 Steam Reheater 

design~ kg/hr(lb/hr)~ 205.2 (1.628xl06) 
•' 

22. Water/steam flowrates 

Total 

design, kg/hr(lb/hr): 102.4 (8.13Jxl05) 

TT-101: Boiler Feedwater Preheater 

design, kg/hr(lb/hr): 102.4 (8.133xl05) 

TT-102: Steam Generator 

design, kg/hr(lb/hr): 92.28 (7. 326xl05) 

TT-103: Steam Superheater 

design, kg/hr(lb/hr): 92.28 (7. 326:ltl05) 

TT-101,: Steam reheater < 
r_. 

design, kg/hr(lb/hr): 79.42 (6. 303xl03) ' ' 

., 
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23. Steam Generator Heat Transfer Coefficients, W/m2-°C (Btu/h-ft2-°F) 

(All coefficients and resistances are based on outside tube sur­
face area. The brea~down of heat transfer coefficients listed 
were calculated for purpose of specifying heat exchangers for 
quotes and is reflected in the "overall calculated." The "over­
all for design" was used for system design purposes.) 

tube side 

tube fouling 

tube wall 

shell fouling 

shell side 

overall 
(calculated) 

overall 
(for design) 

TT-101 

2190.1 
(385. 8) 

0.0036 
(0. 00063) 

0.0012 
(0.00021) 

0.0028 
(0.0005) 

3167.1 
(557.9) 

992.3 
(174.8) 

970.7 
(171) 

*Flux limiting design 

III. STORAGE SUBSYSTEM 

A. Design Characteristics· 

TT-102 

4420.5 
(778. 7) 

0.0036 
(0.00064) 

0.0015 
(0. 00027) 

0.0028 
(0.0005) 

2885.0 
(508.2) 

1218.2* 
(214.6) 

1004.8 
(177) 

TT-103 

1669.0 
(294.0) 

0.0036 
(0. 00063) 

0.0031 
(0.00054) 

0.0028 
(0.0005) 

4496.0 
(792.0) 

895.8 
(157.8) 

894.7 
(157.6) 

TT-104 

985.5 
(173.6) 

0.0036 
(0.00063) 

0.0031 
(0.00054) 

0.0028 
(0.0005) 

2711.8 
(477.7) 

596.1 
(lOS) 

567.7 
(100) 

1. Storage Media: 

Specific Heat: 

Molten draw salt (60% KN03, 40% NaN03)· 

1.553 Kj/kg/°C (.371 Btu/lb/°F) 

Viscosity, cp: 3.4 at 288°C (550°F) 
0.9 at 566°C (1050°F) 

Density, Kg/m3 (lb/ft 3):· ·7.44 (ll9.2) at 288°C (550°F) 
6.72 (107.6) at S66°C (1050°F) 

2. Storage Media Mass: 19·,195,328 Kg (42,325,700 lb)·each tank·· 
(2 tanks) 
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3. Tank Characteristics 

3.1 MF-103 A/B: Hot salt storag~ 

Number· of tanks: two 

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

Tank volume, m3 (ft 3): 11,683 (412,578) 

Tank material: SA-516 ~. grade 70 

Tank shell design ~emperature, ~C(°F): 315 (600) 

Tank mass, ~g(lb): 380950 (840.UUU) ea. 
761900 (1,680,000) total 

Tank surface area: 
top, 111? (fL?): 840.(9047) 
side, m2 (ft2): 1597 (17,190) 
Bottom, m2 (ft2): 672 (7238) 
Total, m2 (ft2): 13994 (45916) 

1680 (1809~) Total 
3194 (~4380) Total 
1344 (14476) Total 
27988 (91~32).Total 

Tank insulation material: 

External insulation: 

Internal Insular1nn: 

Liner Material: 

Top Duraboard · 
Sidco ... F-iberglass 
Bottom 7 Insulating concrete 

(acd.ve.ly. cooled) 

Tnp - ll1.1l;,a boitrd 
Sides. - Krylite 30 
Bottoru - Kr~1ite 30. 

347 ss 
External insulation thickness, mm(in): 

Tnp - 152.4 (G) 
Sides - 203.2 (8) 
~ottom = 3U4.H (12) 

Internal insulation thickness, mm(in): 

Top - 152;4 (6) 
Sides - 228.6 (9) 
Bottom - 228.6 (9) 
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3.2 MF-102 A/B: Cold salt storage 

Number of tanks: Two 

Tank Geometry and dimensions; m(ft): 

Diameter: 
Height: 

26.2 (86) 
19.2 (63) 

Tank volume, m3 (ft 3): 10364 (365,960) 

Tank material: SA-516 Grade 70 

Tank shell design temperature, ° C ( 0 .F) : 315 · ( 600) 

Tank mass, kg(lb): 314020 (692,450) ea. 
628040 (1,384,900) Total 

Tank surface area: 

Top, m2(ft 2): 
Side, m2(ft2): 
Bottom, m2(ft2): 
Tot!'ll, m2(ft2): 

674 (7261) 
158i (i7021) 
539 (5808) 
2794 (30090) 

Tank insulation, external: 

Top: Duraboard 
Sides: · D.uraboard 
Bottom: . Insulating concrete 

External insulation thickness, mm(in): 

Top: 
Sides: 
Bottom: 

101.6 (4) 
i5i. 4 (6) 
304.8 (12) 
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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 (ft 3): 597 (6430) 

Tank material: SA-516, grade 70 

Tank shell design temper-'ltnrP; ->c("F): 315 (~00) 

Tank mass, kg(lb): 14965 (33000) 

Tank surface area; 

Top, m2(ft2): 81.7 (880) 
Side, m2(ft2): 97.7 (1052) 
Bottom, m2(ft2): 81.7 (880) 
Total (single tank), m2 (ft2): 261.1 (2812) 

Tank insulation: 

External insulation:. Top - Duraboard 

Internal insulation: 

Liner· Material: 

Sides - Fiberglass 
Bottom - Brick 

Top 
S1des 
Bottom 

34733 

- D1.1:ra.board 
Krylita 30 

- Krylite 30 

External insulation thickness, mm(i~): 

Top - 152.4 (6) 
Sides 203.2 (8) 
Bottom ~ 254.0 (lO) 

Internal insulati.nn th:tcknesEf, mm(in) : 

Top - 152,4 (6) 
Sides - 152.4 (6) 
Bottom - 152.4 (6) . 
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4. Piping material, OD/ID/Wall, mm(in): 

Cold Lines: 

Hot Lines: 

Carbon Steel A-106 GR.B, 457.2 (18) SCH 60 

Stainless Steel A-347 S, 457.2 (18) SCH 10 

5. Piping total lengths, m (ft): 377.95 (1240) 

6. Mass of piping, kg(lb): 39002 (86,000) 

7. Piping insulation material: Calcium silicate or equivalent 

Piping insulation thickness, cold, hot, mm(in.): 152:4 (6); 228.6 (9) 

8. Mass of piping insulation, kg (lb): 22902 (50,500/lbs) 

9. Pump material, number and mass of storage pumps 

PP-103 A,B,S: 
Material: 

Hot salt pump 
347 ss 

Number: two operating; one spare 
Mass., Kg(lb): 7936.5 (17,500) ea. 

10. Pump characteristics for all storage subsystem pumps 

PP-103 A,B,S·: 
Type: 
Speed: 
Head: 
NPSH: 

Hot ·salt pump 
Vertical. cantilever. 
880 rpm 
49.07 m (16l_ft) 
4.267 m (14 ft) 

Operating 
Power: 
Capacity: 

Temperature: 566°C (1050°F) 
216.9 kw (291 hp) 
.1892 m3/s (3000 gpm) 

B. Operating Characteristics 

1. Extractable capacity, MWHt (Btu): .4445.46 (1.52xlo 10) 

2. Charging rate: 

Maximum, MWt: 
Design, MWt: 
Minimum, MWt: 

3. Discharging rate: 

Maximum, MWt: 
Design,. MWt: · 
Minimum, MWt: 

775 MWt 
479 MWt 
0 

296.44 
247.03 
41.17 
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4. Duration 

Design discharge rate, hrs: 18.0 

5. Storage media operating temperatures (hot/cold) °C(~F): 

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) 
bottom, kPa (psig) 

10i. 4 (14. 1) 
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 

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) 
Fluwratt:!! 331,200 kg/hr (/31,8UU lbm/hr) 

3. Turbine Hot Reheat conditions 

Temperature: 538°C (1000°F) 
Pressure: 2.69 MPag (385 psig) 
Flowrate: 273,600 kg/hr (630,300 lbm/hr) 

E-20 



Turbine Cold Reheat conditions 

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

4. Feedwater Heaters: 

Feedwater Heater 1, Horizontal U-tube, .54 MW (1.95xl06 Btu/h) 

Feedwater Heater 2, Horizontal U-tube, 11.6 MW (39.6xl06 Btu/h) 

Feedwater Heater 3, Horizontal U-tube, 10.3 MW (35.0xl06 Btu/h) 

Feedwater Heater 4, Horizontal U-tube, 6.8 MW (23.3xl06 Btu/h) 

Feedwater Heater 6, Horizontal U-tube, 9.8 MW (33.5xl06 Btu/h) 

Feedwater Heater 7' Horizontal U-tube, 21.5 MW (73.5xl06 Btu/h) 

Deaerator 5, Direct contact tra~ 6.0 MW (20.5xl06 Btu/h) 
5 ppm (0.005 CC/L Oxygen) Max 

5. Condenser type and configuration: 

Single pressur~, single-shell, divided 
waterbox, one pass 

6. Feedwater Pumps: (2) multistage, horizontal split case 

· 0.05~ m3 /~ (885 gpm) at 1565 m ·(5134 ft) 

7. Auxiliary Steam Supply: Not identified; 

8. Sealing Steam Requirements: Not identified. 

9. Turbine Startup and Shutdown Characteris~ics :" ··Not ide~tified; s.tandard 
turbine. 
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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 O.D. 
Item m2 (ft 2) ·Tubes mm(in) 

Economizer 175(1880) 200 57.15(2-1/4) 

HRA Section 

Walls 309(3330) 36.5 50.80(2) 
Primary Bundle ·ll73(12630) 225 38.10{1-1/2) 
Seconda~y Bundle 1173(12630) 225 38.10(1-1/2) 

Furnace 

Floor 5(50) 106 63.50(2-1/2) 
Rear Wall 74(800) 192 34.925 (1-J/0). 
Sides,Front Wall 

and Roof 229(2460) 360 34.925(1-3/8) 
Divi·sion Wall 92(990) 130 34.925 (1-3/8). 

Finishing. Pendants b32(b~OO) 675 34.925 (1-3/8) 

Total Heat 3862(41570) 
Transfer Area 

Salt Heater Tube Material and weigh~ 

Economizer 

HRA Section 
Walls 
Primary Bundle 
!JeCOi'ldtu:·y Du1hllc 

Furnace 
Floor 
R~o~iH' Wall 
Sides, Front Wall, 

and Roof 
Division Wall 

Tube·Material & Weight (Tons) 

Carbon (1 CR - 1/2 Mo) 347SS 
Steel SA 213- SA 213-
SA-106C T 12 347 

6.2 

40.0 
35.0 . 

3.J.O 

6.1 
11.3 

30.5 
5.3 

Min. Wall 
mm(in) 

4.572(0.180) 

4.191(0.165) 
4~191(0.165) 
4.191(0.165) 

4.5'72(0.180) 
5.5~8(0.220) 

4.191(0.165) 
4.191(0.165) 

4.191(().165) 

Cumulative 
Tube Weight 
(tons) 

6.2 

46.2 
81.2 

116.2 

122.3 
133.8 

164'.3 
169.6 

Finishing Pendants 24.0 193.6 

Overall dimensions: 

52.3 77.0 64.3 

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

Firing Equipment 

Mfg: 
Model: 

Soot Blowers 

Mfg: 
Model: 

FD Fan & Drive 

Fan Mfg: 
Model: 
Operating Power: 
Weight: 
Drive Mfg: 
Model: 
Voltage: 
Frame: 
Weight: 

Air Heater 

Mfg: 
Model: 
Operating Power: 
Weight: 

M Thousand 

Forney Engineering 
4-PAF, 2 POM, 150 MKB, QAAH 

Copes Vulcan 
T-30, TEC 

Westinghouse 
4054, DWDI, Arr 3, Cl 1800 
kW (BHP) 572 (767) 
M kg (M lb) 15 (33) 
General Electric 
1000 HP, 1800 RPM, WP Cl II 
3<j>, 60C, 4000V 
8309 s 
M kg {M lb) 4 (8) 

Air Preheater 
24HR66 
kW (BHP) 10 
M kg (M lb) 

(8) 
114 (251) 

Salt Heater Salt Pump 

Pump Characteristic 

PP-104 A,S; 
Material: 
Number: 
Mass; kg(lb): 

Pump Performance 

PP-104 A,S: 
Type: 
Speed: 
Head: 
NPSH: 

t;c:tlt heater boo~ter pump 
S-5 Carbon Steel 
One operating; one spare 
4383.7 (9666) ea. pump 
8767.4 (19332) total 

salt heater booster pump~ 
Centrifugal 
1776 rpm 
110.9 m (364 ft) 
4.57 m (15 ft) 

Operating 
Power: 
Capacity: 

Tempe.rature: 288°C (550°F) 
510.06 KW (684 HP) 
.1892 m3 /s (3000 gpm) 
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11. Non-solar emission level limits: 

NO 0.3 lb per million Btu 
X 

SOx 0.75 lb per million Btu 

particulates = 99.5% efficiency for electrostatic precipitators 

B. Operational Characteristics 

1. EfG!J 

Gross Turbine Cycle Eff. 

Net Turbine Cycle Eff. 

Fraction of Turbine Cycle 
Heat Input - Solar 

(;ross Cycle Heat Rat'e · 
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 
(lb/hr) 

Auxiliary Loads (MWe) 

EPGS 

Nonsolar Support 

Nonsolar.Energy Source 

Collector 
Pumps 

Total 

Net Eleclrlcal Oul~ul 
I" 

*Nonsolar plus storage operation to 
provide 100 MWe net 
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Receiver 
0Eer.ation 

.424 

.382 

1.00 

8495 
(8052) 

9425 
(8934) 

8.5(2.5) 

2.30(446) 

3·. 3b:l03 

(7. 32xl0 3) 

4.55 
''; 

.62 

5.79 

10.96 

ioo MWe 

Storage Nonsolar* 
0Eeration OEeration 

.424 .424 

.4058 .400) 

1.00 0.00 

8495 8495 
(8052) (8052) 

8872 8995 
(8409) (8511) 

(8.5(2.5) 8.5(2.5) 

230(446) 2.10U•lln) 

3.3lxl03 3.3lxl03 

(,7. 32xl0 3) (7. 32d0 3) 

4.26 4.26 

.35 

.55 

.455 1._01,2 

4. 715 6.172 

106.25 Mwe 104. /':J MWe 



2. Nonsolar Fuel: Number 6 Fuel ·ail 

3. Fuel Characteristics: 

Elemental Compositi.on (% by weight) 

s 0.7 

H2 11.2 

c 86.6 

H20 0.37 

N2 0.58 

02 0.55 

100.00 

Specific gravity 
Viscosity 

0.972 @ 288°K (60°F) 

Pour point 
Vanadium 

500 centistokes@ 3ll°K (100°F) 
283°K (50°F) 
366 ppm 

Sodium 36 ppm 
Nickel 43 ppm 
Iron ~ ppm 
Ash 0.05% by weight 

4. Fuel Heating Value (as· fired): 

10438 Kcal/Kg (18785 Btu/lb) 

5. Fuel Burning Rate: 

12600 Kg/hr (27,720 lb/hr) 

6. Nonsolar Di$charge Rate, Design: 133 MWt (454xl06 Btu/hr) 

7. Gas Operating Temperatures; Design: 

Temp. air leaving FD fan 
Temp. air leaving air heater 
Temp. gas leaving furnace 
Temp. gas entering primary bundle 
Temp. gas entering secondary bundle 
Temp.gas leaving economizer 
Temp. gas leaving air heater 

£-25 

38°C (1Q0°F) 
371 °C (700°F) 
1213 °C (2215 °F) 
501°C (933°F) 
827°C (1520°F) 
418°C (785°F) 
143°C (290 9 F) 



8. Working Fluid (Salt) Operating Temperatures, Design: 

Salt Temperature, Inlet: 

Salt Temperature, Outlet: 

288°C (550°F) 

566°C (1050°F) 

9. Working Fluid (Salt) Operating Pressures, Design: 

Salt Pressure, Inlet: 

Salt Pressure, Outlet: 

2758 kPa (400 psi) 

48J kPa (70 psi) 

See Section 5.6.3 for complete detail of pressure losses. 

10. Working Fluid (Salt) Flow Rates, Design: 

1.098 X 106 Kg/hr (2~415 X!l06 lb/hr) 

11. Heat Losses, Design Power: 

Dry gas 
Hydrogen and moisture in fuel 
Moisture in air 
Unburned combustible 
Radiation 
Unaccounted for and mfrs. margin 
Total losses 
Efficiency 

3.81% 
6.09% 
0.01% 
0.0% 
0.30% 
1.0% 

11.21% 
88.79% 

12. Nonsolar Startup and Shutdown Characteristics: See Sect. 5.6.3.2. 
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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 required 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 
oo 30° 60° 75° goo 110° 130° 

ELR - so 0.282 0.282 0.274 0.237 
Elevation 15° 0.527 0.520 0.495 0.448 
(Horizon 25° 0.616 0.612 0.600 0.551 
., oo) 45° 0.685 0.683 0.668 0.616 

65° 0.703 0.699 0.686 0.647 
NX= 6 89.5° 0.689 0.689 0.687 0.677 

The azimuth/elevation pairs that are blocked-in in the matrix 
FR are those through which the sun passes from Barstow, California. 
Efficiencies for blocking, shading, cosine, tower shadow, and 
spillage for some of these combinations were obtained using the 
MIRVAL program with the collector field layout and receiver con­
figuration descrihP.r:l P.~TliP.T. VRlues for other sun positionsp 
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 us~d 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 p~rt of the spillage ~fficiencies. 
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B. CONCOLF - Collector Field 

1) FS - Field Size x Number of Fields 

1224755 m2 (13183156 ft 2) = 

49.051 m2 (528 ft 2)/heliostat x 12484 heliostats/field x 
2 fields. 

2) ASB - Collector field auxiliary power reqvi~ements on standby 
2 0.0 MWe/m . 

Mirror fields require no power:when stowed at night or during 
high wiuu~:J. 

3) AOL - Collector field auxiliary power requirements on line 

5.097 x 10-7 MWe/m2• 

Heliostats are assumed to require 25.0 watts per heliostat, or 

25.0 watts/heliostat 
49.051 m2 /heliostat 

-7 2 5.097 x 10 MWe/m 

4) 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). 

5) TLIMU- Plant dry bulb .temperature upper limit= 49°r. (1?0°1"). 
The contract requirements definition states that heliost~t 
upper operating limit is 49 C (120°F). 

. . . 
6) ELIM - Minimum sun elevation for .collector field operation 

0.0° 

Our heliostats begin trackfng at 0. 0°. 

7) WSLIM - Maximum wind speed J;or ~ollector field oper.at:i.on 

12 m/s (27 mph) 

The c9ntrace r~qulrements detinition states that operational 
wind ~p~ed~ are 0-12.fu/~ (0•27 mph), 

8) RFLCTY - Efficiency coefficient for atmospheric attenuation 
and heliostat relia~ility 

1.000 

Tr~se effects are included in CONCOEF matrix FR. 
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9) 

c. 

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. O) 

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 . 

1) 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. 

2) XHR- Startup thermal capacity.parameter 

Energy required 'to heat receiver to operating conditions 
receiver size x cold-start.time 

0.04976 

Because we anticipate circulating cold salt (288°C) (550°F) 
through the receivers at night, "cold~'. ctart time ao well as 
the energy required to heat the receivers to operating con­
ditions is minimized. A "cold start.," then, means heating 
the receivers fr~m about 288 C (550°F) to a rec~iver panel­
averaged temperature of 427 C (800°F). 

For·each.receiver, the weight is·to'be heated is·l87,000 kg 
(413,000 lb) total, including 75,ooo··kg. (166,000 'lb) of tubes 
and 112,000 k.g (247,000 lb) of salt, and having an average 
specific heat of 1130. J/kg-c·(o;no Btu/lb-°F) .. · · 

The energy, E, required to heat the receiver to operati~g 
conditions = 

weight heated x·average Cp x ~Tor 
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E 187,000 kg (413,000 lb) X 1130. J/kg-C 
(.270 Btu/lb-°F) x [427 C (800°F) ·- 288 C (550°F)] 

2.94 X 107 kJ (8.68. kWh) (2.788 x 107 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 "leavi.ng receiver" step of ~tairstep at 
equinox sunrise = 0. 70 kW/m2-h (222 Btu/h-ft2-h) x TCS x TCS x 
~X 612378 rn2 (6591578 ft2) X 0.2503 

where TCS "' time required for 11 cold 11 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. 

XHR 8.168 MWh x 2 receivers 
0.3902 h x 841.42 MWt = 0.04976 

3) RS.- Receiver size (maximum power incident on both receivers) 
9 841.42 MWt (2. 8.72 x 10. Btu/h) 

4) ALPHAR - Receiver cool down parameter = 0.382. 

ALPHAR is used to derive XT, a parameter identifying how far 
along the cool down curve the receiver has traveled since 
shutdown. A value of XT = 1.0 implies that the receive~!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 i.t will take far 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 th~ lu1:1ses with the aperture 
donrA r..lnaad. Therefore • .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 c~JculRterl 11sing 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) TCS - Time required for a cold start = 0.3902 h. 

6) 

7) 

8) 

The derivation of TCS is described under XHR explained 
previously. 

RMF - Receiver minimum flow factor (fraction of RS) 

Current design calls for 20:1 valves. 

0.05. 

5.799 MWe 
CAXP - Receiver auxiliary power coefficient 803 . 87 MWe = 0.0072 

From Badger, the recei•~r auxiliary power requirements, given 
803.89 MWt power to the working fluid, is 5.799 MWe. 

DEPTF - Derated power threshold factor (fraction of RS) 

The receivers have no derated capability. 

1.0. 

9) MODPO - Plant option mode - 1. 

The plant has no derated capability. 

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

The receivers have no derated capability. 

11) DTST - Time interval between turbine synchronization and rated 
c9nditions = 0.25 h. 

12) 

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 
+ 20 0.0614 0.0625 0.0644 0.0669 0.0696 

Dry Bulb + 50 0.0599 0.0607 0.0625 0.0650 0.0681 
Tempera- + 80 0.0583 0.0590 0.0607 0.0629 0.0655 
ture, "F 

+UO 0.0568 0.0575 0.0591 0. 06.11 O.On39 
NRXLR = 6 +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 



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. 

D. CONPIPE - Piping between Receivers and EPGS 

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

-22 -4 +14 +32 +50 

1. 88xl0 -3 
1. 84xl0 -3 1. 80x10 -3 

1. 75xl0 -3 1. 71xl0 -3 

+68 +86 +104 +122 

1. 6 7xl0 -3 1. 62xl0 -3 . -3 
1. 58xl0 · 1.54xl0 -3 

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. 

E. CON'l'RBN - Turbine 

1) ALPHA- Turbine.shell cooldown parameter, 0.0050999/h 

2) BETA - Turbine shell cooldown parameter, 0.034625/h 

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

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

AlPHA, BETA, TAUR, and TAUS (a, S, T , T respectively) were 
obtained from a curve fit to the equ~tio~. 

T (t b) = 100 + 450 [exp (-a(t b+T )) + exp (-S(t b+T ))] ave s s r s s 
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) 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 MWt). 
The STEAEC program, varies turbine auxiliary loads as a 
function of power available from the receivers 

ALPHR +. 55 ·MWe = 0 0174 MWe 
261.78 MWt . MWt 

6) ALPHS - Coefficient of auxiliary power needs when operating 
from storage 

4.26 MWe 
247.03 MWt 

0.0172 :e 
.t 

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(ll0.97) - 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 

y 

4.26 MWe 

This turbine auxiliary power is normalized by the.nominal 
power to the turbine (247.03 MWt, running from storage). 

ALPHS 4 · 26 MWe = 0 0172 MWe 
247.03 MWt . MWt 

7) TPFRL Maximum thermal power turbine may receiver from receiver 
261.78 MWt. 
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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, 
TPFRL ~ (100 + 10.97) MYle 

0.4239 :e 
t 

261.78 MWt 

ij) TPFSL ,... M;:!:v;imnm thPrmr'll power turbine UlaV t"~<;:eive from Storage 
?.4 7. ().1 MWt. 

The auxiliaries requirement when running from storage is 4.715 
MWe. 

Therefore, 
__,(=10_0_+_4 --· 7_1_5..._) _MW_e TPFSL = -
0.4239 :: 

247.03 MWt 

9) AUXPC - Standby auxiliary power coefficient 0.00294 MWe/MWt. 

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. 

SUXPC 0 · 77 MWe 0 00294 ~~e 
261.78 MWt ' MWt 

10) TMFR - Turbine m1n1mum flow rate coefficient for power from 
receiver (fraction of maximum flow rate), 0.05 minimum flow 
rate used by General Electric ~or their turbines. 

11) 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. 

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

13) SMFO - Storage minimum dilSchcu:ge rate (fraction of mnximum 
. di.q.-hAr.gc rntc) 0.05, Design calls for ?n:l v.<~lves. 

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

15). MOPMF -Mode of plant operation during m1n1mum flow conditions 
= 2 (1 = turbine priority, 2 =storage priority). Storage 
priority maximizes energy produced. 
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16) FEPSR- Matrix·of thermal to electric conversion efficiencies 
for power from receivers as a function of mass flow fraction 
and wet bulb tempera.ture from Gibbs & Hill. 

REPSR - Mass Flow Fraction NCEPSR = 4 

CEPSR -
Wet Bulb 
Temperature, 
OF 
NREPSR = 6 

30 
40 
50 
60 
70 
80 

0.25 

0.3955 
0.3896 
0.3833 
0.3763 
0.3663 
0.3556 

0.50 

0.4185 
0.4170 
0.4142 
0.4098 
0.4038 
0.3956 

0.75 

0.4258 
0.4253 
0.4249 
0.4234 
0.4202 
0.4148 

1.00 

0. 4271 
0. 4273 
0.4273 
0.4273 
0.4251 
0.4209 

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

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

F. CONSTRG - Storage 

1) PTSMAX - Maximum storage charge rate = ·841.42 MWt. 

Storage can receive maximum power ·from receivers. 

2) 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. 

3) EMAX- Maximum storage capacity= 4486.14 MWh. 

The storage tanks hoid 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)(l8 hours)= 4486.14 MWht· 

4) EMIN - Minimum energy in storage = 0.0 MWht• 

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

5) ·ES - Energy in storage at beginning of run = 0.0 MWht· 

Assume STEAEC run starts with EMIN in storage. 
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6) 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. 

7) A- Storage charge auxiliary power coefficient= 0.0 MWe/MWt. 

Our system docc not use a charging heat exchaneP.r; s.<1lt i.s 
pumped directly into stor.age tanks from the receiver. 

8) B ~ Storage discharge auxiliary power coefficient = 0.00184 
MWe/MWt. 

From Badger, the cantilever hot salt pump and the preheaLer 
feedwater pump require 0.455 MWe. This is normalized by PFSMAX. 

9) AL"PHC: - Stnn~ge loss factor during charge = 1. 0. 

There· are no the~al. losses ·during charge. 

10) ALPHD - Storage loss factor during discharge 1.0. 

There are no thermal losses during discharge. 

11) ALPHL - Tank storage loss factor [!-(average fraction of 
energy lost from ·storage tanks in 0.25 hours)] = 0.99982. 

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

2.20 MWt X 0.25 h 
2/3 x EMAX 

2.20 X 0.25 
2/3 X 4486.14 

0. 0001841. 

12) Cl, C2, C3 - Quadratic coefficients for storage loss function 
during charge = 1,0,0. 

·storage charging is 100% efficient.· 

13) Dl, D2, D3 -·Quauratic coefficients for otorago lo&B function 
during diccharge = 1,0,0. 

Storage discharging is 100% efficient. 

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

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 s.alt temperature and resulting salt density. 
Incoloy conductance is v~ried in the program as a function of the 
tube temperature. 
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·BCD 3TITLE DATA 
BCD 9HYBRID RECEIVER TUBE SECTION MODEL - PASS 1 
END 
BCD 3NODE DATA 
-1, 550 .. 0. 
GEN 2, 5, 1 , 550. , - 1 . 
GEN 11 , 5, 1 , 550. , - 1 . 
GEN 21, 5, 1, 550. , - 1. 
GEN 111 , 5, 1 , 550. , - 1 . 
GEN 12 1 , 5, 1 , 550. , - 1 . 
C:ND 
BCD 3CONDUCTOR DATA 

1' 1,2, 1. 
2.-2.:3.1. 
3, -3,4. 1. 
4.-4 ,5, 1. 
5, -5,6, 1. 

$ 
$ 
$ 
$ 
$ 
$ 

$ 

SALT INLET TEMP 
SALT NODES 
TUBE FRONT INSIDE NODES 
TUBE BACK INSIDE NODES 
TUBE FRONT OUTSIDE NODES 
TUBE BACK OUTSIDE NODES 

!;ALT FI_OW (;ONUl)(,:II.,J~~ 

GI!:N ·11,5,1,11,1.2,1,1. $ HA CONU,H~ON"I "lUSt: TU SALT(t:ALC IN EXEC) 
GEN 21,5,1,21,1,2,1,1. $ HA CONO,BACK TUBE TO SALT(CALC IN EXEC) 
CGS 111, 111,11,A3,1.$ FRONT TUBE OUTSIDE TO INSIDE (CALC IN VAR1) 
CGS 112, 112, 12, A3, 1. 
CGS 113,113,13,A3,1. 
CGS 114,114,14,A3,1. 
CGS 115, 115,15,A3, 1. 
CGS 121,121,21,A3,1.$ BACK TUBE OUTSIDE 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 1. 5 
2 .065 
3 78. 
4 1. 
6 1. 
6 3460929. 
7 .371 
8 59.06 
9 1. 
10= 1. 
11= .234 
12= 1. 
13• . 07 
14= I 
ND:1TOR-200 
ITEROT=21 
ITERMX= 150 
ARLXCA=.01 
DRLXCA=.01 
END 
BCD 3ARRAY DATA 

$ TUBE OD (INCHES) 
$ TUBE WALL (INCHES) 
$ NO OF TUBES PER SECTION 
$SALT FLOW/TUBE (LBM/HR),CALC IN EXEC 
$TUBE NODE ARCA TOUCIIHm !;ALT(rT2),CALC IN EX 
$ TOTAL SALT FLOW/ZONE (L6M/HR) 
$ SPECIFIC HEAT OF SALT (BTU/LBM-F) 
$ LENGTH OF TUBE SECTION (FT) . 
$ lUBE ID (FT),CALC IN EXEC 
$TUBE FLOW CROSS SECT (FT2).CALC IN EXEC 
$ CONDUCTIVITY OF SALT (BTU/HR-FT-F) 
$ EXT PROJECTED AREA.OF TUBE NODE(FT2),CALC IN 
$ RAO,CONO,RI!:~L.ANO CONV LOSSES.FRACT OF ABS 
~ PA!.!. I'LA"-, l=i'IRST 

1 $ FRONT SlOE FLUX (+.1000 DTU/IIR· fT2l 
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(K~4.GT.1)T1=ETEST 
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R4=R6/R3 $ FLOW/TUBE (LBM/HR) 
R5=3.1416•(R1-2.•R2)•R8/120.S TUBE NODE AREA TOUCHING SALT (FT2) 
R9=(R1-2.•R2)/12. $ TUBE IO (FT) 
R10=3. 1416•R9••2./4. $TUBE CROSS SECTIONAL AREA.(FT2) 
G1=R4•R7 $ M OOT CP CONDUCTOR (BTU/HR-F) 
R12=R1•R8•12./(5.•144.) $ NODE P.ROJECTEO AREA (FT2) 
G2=G1 
G3=G1 
G4=G1 
G5=G1 
STOSTL 

C CALCULATE THE HEAT ABSORBED BY THE SALT FOR THIS SECTION 
QABS=R4•R3•R7•(T6-T1)•.293•1.0E-06 S MEGA WATTS 
WRITE(6, 1 )QABS 

F FORMAT(4X,E~0.3,* MEGA WATTS TOTAL ABS IN THIS SECTION•) 
VELI=ATEST/3600. $ FT/S~C 
VELD=BTEST/3600. $ FT/SEC 
WRITE ( 6, 2 )VELI 

F 2 FORMAT(4X,•VELOCITY AT ENTRANCE TO SECT=•.E10.3,* FT PER ~EC•) 
WRITE ( 6, 3 )VELD 

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

F 4 FORMAT(4X,•H=•,E12.3,•BTU/HR-FT2-F AT PASS ENTRANCE•) 
. WRITE(6,5)0TEST 

F 5 FORMAT(4X,•H•*,E12.3,•BTU/HR-FT2-F AT PASS EXIT•) 
ETEST=T6 
END 
BCD 3VARIABLES 1 
VARGS 

F··· DIMENSION VIS( 15) ,ROE( 15) ,VEL( 15), VIST( 15) ,COEF( 15) 
C CALCULATE THE HA CONDUCTORS BETWEEN THE TUBE WALL AND SALT 

00 10 I= 1, 5 
F VIS(I)•(577.644•T(I)••(-1.97469))•3600. 
F ROE(I)=131.524-.022543•T(I). 
F VEL(I)•R(4)/(ROE(I)•~(10)) . 
F COEF.( I+5)=( .023•R( 11 )/R(9) )•(R(9)•VEL( I )•ROE( I )/VIS( I) )•• .8• ' .. •c;;c.-
F (VIS(I)•R(7)/R(11))••.4 
F COEF(I+10)•COEF(I+5) 
F G(I+5)=~0EF(I+5)•R(5) 
F G(I+10)=COEF(I+10)•R(5) 
C CALCULATE THE INCOLOY TUBE OUTSIDE TO INSIDE CONDUCTORS 
F G(15+I)=G(15+I)•3.1415927•R(8)/(5.•ALOG(R(1)/(R(1)-2.•R(2)))) 
F G(20+I )=G(20+I )•3.1415927•R(8)/(5. •ALOG(R{1 )/(R( 1 )-·2. •R(2)))) 

10 CONTINLIE 
ATEST•VEL(1) 
BTEST=VEL(5) 
CTEST=COEF(6) 
OTEST=COEF(15) . 
Q111=A1+1•1000.•(1.-R13)•R12. 
Q112•A1+2•1000.•(1.-R13)•R12 
Q113=A1+3•1000.•(1.~R13)•R12 

·Q114=A1+4•1000.•(1.-R13)•R12 
Q115=A1+5•1000.•(1.-R13)•R12 
Q121•A2+1•1000.*(1.-R13)•R12 
Q122•A2+2•1000.•(1.-R13)•R12 
Q123=A2+3•1000.•(1.~R13)•R12 
Q124•A214+1000.•(1.-R13)•R1? 
Q125•A2+5•1000.•(1.-R13)•R12 
END 
BCD 3VARIABLES 2 
END 
BCD 30UTPUT CALLS 
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TPRINT 
END 
BCD 3FINAL PARAMETERS 
BCD 3TITLE DATA 
BCD 9PASS 2 
END 
BCD 3CONSTANTS DATA 
8 = 72.83 
14= 2 
END 
BCD ~ARR6V DI\Tfl 
I, 4 1 • , 1 :.!':!. , 167. , 15€;. , 22. , END 
2 ,0. ,0. ,o. ,0. ,0., ENP 
tNIJ 
B~IJ 3FINAL PARAMETERS 
BCD 3TITLE DATA 
BCD 9PASS 3 
FNO 
BCD 3CONSTANTS DATA 
8 = 70.87 
END 
BCD 3ARRAY DATA 
1, 22. , 136. , 14'3. , 123. , 46. , END 
2, 7. , 112. , 135. , 88. , 2. , END 
END 
BCD 3FINAL PARAMETERS 
BCD 3TITLE DATA 
BCD 9PASS 4 
END 
BCD 3CONSTANTS DATA 
B = 67.59 
END 
OCD 3ARRA'y' UA I A 
1,84. ,167., 156., 104 .. 17. ,END 
2,3. ,110. ,165. ,118. ,6. ,END 
END 
BC.O 3FINI\L PARAMETERS 
BCD 3TITLE IJATA 
BCD 9PASS 5 
END 
BCD 3CONSTANTS DATA 
8 = 63.98 
END 
BCD ~ARR6V I)ATI\ 
1 , 7. , 53. , 76. , 70. , 42. , END 
2.2 .. SO. ,R::l , 74. ,5. ,END 
tNIJ 
BCD 3FINAL PARAMETERS 
~c.;u 3TITLE DAtA 
BCD 9PASS 6 
END 
BCD 3~UNSTANTS DATA 
8 = s1. es 
END 
BCD 3ARRAY DATA 
1,3.",14. ,25. ,14. ,0. ,END 
2,0.,2. ,11.,7, ,O.,END 
END 
BCD 3FINAL PARAMETERS 
BCD 3TITLE DATA 
BCD 9PASS 7 

I 
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END 
BCD 3CONSTANTS DATA 
8 = 52.82 
END 
BCD 3ARRAV 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 3ARRAV 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 3CDNSTANTS DATA 
8=56.10 
END 
BCD 3ARRAV 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 3CDNSTANTS DATA 
8 = 54; 13 
END 
BCD 3ARRAV .DATA 
1 , 2 . , 1 3. , 28 . , 16. , . 5, END 
2, .5,9. ,16. ,4. ,0. ,END 
END 
BCD 3END.OF DATA 
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APPENDIX T.! PTPTNr. RTRF.SS ANAT.YSTS 

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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APPENDIX J: 100 MWe - 18 HOUR CAPITAL COST WORKSHEETS 

The appendix contains the cost worksheets for the capital cost 
of the 100 MWe-18. hours of storage Solar Central Receiver Hybrid 
Pqwer System. All estimates are in 19?9 $, first pl,ant costs, and 
use Bar~tow, CA as the plant site • 

. . 

Attac~ent 1 s~ows the construction cost codes used, with the 
estimating responsibility. MM.de~otes Martin ~rietta, B denotes 
Badger Plants, G&H denotes Gibbs and Hill, and FW denotes Foster 
Wheeler. 

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 CO!St worksheets for each cost 
account shown. in Attachment 1. A summary worksheet has been pro­
vided for each major cost account. 
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· ATTACHMENT T 

CONSTRUCTION COST CODES. FOR SOLAR CENTRAL RECEIVER 
·HYBRID POWER SYSTEM 

5000 Plant Cost (4000) 

MM 

G&H 

MM 

G&H 

G&H 

MM. 

MM 

5100 Land, General Site Preparatio~ (4110) 

5110 Land (4111) 

5120 Yard Work (Balance of plant) (4112) 

5130 Yard Work (Collector·fields) 

5200 Administrative Areas 

5210 Operations 

5211 Administration Buildings (4122) 

5212 Control Building (4124) 

5213 Communications Equipment (4132) 

5220 Security 

5230 Storage anrl M~intanancc (4125) · 

5231 Storage and.Maintenance Buildings (4123). 

5232 Transportation and Lifting Equipment (4131) 
\ . 

5233 Miscellaneous Equipment (4133) 

5300 Collector Subsystem (4400) 

5310 R.eflectivP Unit (lr410) 

5320 Drive Unit (4420) 

5321 Azimuth or Horizontal Drive.(4421) 

5322 Elevation or Vertical Drive (4422) 

5323 Motors (4423) 

5324 Position Indicators or Encoders (4424) 

5325 Power Distribution. and Emergency Supply .(4425) 
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MM 

Attachment 1 

5330 Control and Instrumentation (4430) 

5331 Sensor or Calibration Equipment (4431) 

5332 Field Control Electronics (4432) 

5333 Control Signal Distribution Equipment (4433) 

5340 Foundations and Site Preparation (4440) 

5350 Heliostat Support and Protection (4450) 

5351 Heliostat Support Structure (4451) 

5352 Heliostat Protective Enclosure (4452) 

5354 Lightning Protection (4453) 

5360 Field Assembly ·and Checkout (4460) 

5370 Design and Engineering (4470) 

5400 Receiver Subsyst~m (4500) 

5410 Receiver Unit (4510) 

MM 5411 Absorber Unit (4511) 

MM 

B 

MM 

n 

B 

G&H 

5412 Support Structure (4512) 

5413 Receiver Circulation Equipment (4513) 

5414 Instrumentation and Control (4514) 

5420 Riser, DowncomP.r And Horizontal Piping (4520) 

5421 Vertical Piping 

5422 Variable Horizontal 

5430 Wqrking Media Cost (4530) 

5431 Working Media.C~st 

5432 Working Media Processing Equ+pwent 

5440 Tower (4540) 
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G&H 

B 

B 

G&H 

G&H 

MM/Bir;&H 

5500' 

MM 

I 
MM. 

5600 

G&H 

I 
G&H 

B 

G&H 

Attachment 1 

5450 Tower Foundation (4550) 

5460 Salt/Steam Generator and Related Piping (4560) 

5461 Salt/Steam Generator 

5462 Salt/Steam Circulation Equipment 

S463 Steam/Water Circulation Equipment 

5464 Foundations 

51110 De.sisn iu.n.l Euglm:l:!ring (4.570) 

Master Control Subsystem (4350) 

5510 Han.lware (4351) 

5520 Hardware Design and Engineering (4352) 

5530 Software Design, Development, and Tests 

Non-Solar Energy Subsystem (4700) 

5610 Fuel.Uil Supply System 

5611 Fuel Oil Storage 

5612 Fuel Oil Preparation/Feed 

5620 Salt Pipes and Pumps 

5650 Foundations (4740) 

(4353) 

5700 Energy 3Lutage Subsystem (46UU) 

B 5710 Media Containment .EquipmP.nt (4610) 

B 5720 Media Circulation Equipment (4620) 

B 5760 Media (4680) 

B 5770 Design and Engineering (4670) 
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Attachment 1 

5800 Electric Power Generation Subsystem 

G&H · 5810 Turb_~ne Building (4121) 

5820 Steam Turbine Generator (4220) 

58~0 Feed Heating and Condensing System (4240) 
. . . . . / . 

5840 Water Treatment and Condensate Makeup Syst'em (4260) 

5850 Cooling Tower System (4250) 

5860 Electric Plant Equipment (4300) 

5861 . Switchgear '(4310) 

. .' 

5862 Station Service ~quipment (4320) 

5863 Protective Equipment (4330) 

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

G&H 5870 Air Quality Control (4270) 

5890 Oil Fired Salt Heater ·system (4230) 

FW 5891 Oil Fired Salt Heater 

FW 5892 Air. Preheater and Forced Draft Fans· 

G&H· 5893 Heater System Foundations 

FW 5894 Instrumentation and Control 

FW S89S Design and Engineering 

5900 Indirect Costs (4800) 

MM/B/G&H/FW 5910 Indirect Field Construction Costs 

! 5920 Engineering. & Management 

5930 Contingency 
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ATTACHMENT 2 

CONSTRUCTION COST CODES DEFINITIONS 

5100 Land, General Site Preparation 

5110 Land cost for entire site (MM) 

5120 Includes general grading, roads, etc. for balance of plant 
area (G&H) 

5130 Includes general grading, roads for collector fields (MM) 

5200 A~m!n1strative ArP.R5 

5210 Administration & Control buildings will be casted as portion 
of turbine hulldin~ 

5220 Includes fencing, gates.around site (MM), lighting, guard shack, 
etc., in BOP area (G&H) 

5231 Storage and maintenance areas will be casted as part of the 
turbine building (G&H) 

5232 Transportation and lifting equipment.is the necessary equipment 
required for plant operation (G&H) 

5233 Misce;Uaneous equipmf.'nt (G&H) 

530;;· Collector Subsystelu (MM) 

5400 Receiver Subsystem 

5411 Absorber unit includes all active surface areas, headers, and 
header guides (~~) · 

5412 Support structure includes .tower/receiver interface structure~ 
active surface suppot"t ~;tructuret ·external enclosure and 
necessary insulation (MM) 

5413 Receiver circulation equipment includes hnnster pumps (.:lnd 
t:heck & gate valves and recirc. piping around purttps) at base 
of tower; main circulation pumps (and associated valves) (B) 

5414 Includes instrumentation and controls for absorbe~ unit, 
aperture doors (MM)j booster pumps and main circulation pump (B) 
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Attachment 2 

5421 Vertical piping includes riser and downcomer to connection 
with horizontal piping at base of tower. Includes insulation 
and installation (B) 

5422 Horizontal piping includes piping, insulation, tracers, installa­
tioq and supports for hot and cold piping from base of tower 
to junction of field yiping from·the 2 modules. 

5431 Working media cost in this account is the salt in the receivers, 
riser, downcomer, horizontal piping and heat exchangers at"the 
design point (one instant of time) (B) 

5432 Working media processing equipment includes startup melter 
equipment and processing equipment (B) 

5440 Tower includes tower cost, ele~ators, aircraft lighting, etc. (G&H) 

5450 Tower foundation includes excavation, foundation construction 
and final grading around foun~ation (G&H) 

5460 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. Tlte cost should include insula-
tion, trace heating (of salt lines), valves and cont~ols 
and installation of. the piping and BFW· eire. 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 t~rbine · 
extraction to the·reheater; and from the reheater and 
superheater flanges to the turbine inlets.· Includes insu­
lation and ins~allation. (G&H) 

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

5470 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 

5611 Fuel storage includes the cost of the main fuel day tank, oil 
tank, and installation only. (G&H) ·' 

5612 Fuel feed includes the cost of the transfer pump and· feed pump, 
valves.and controls, and piping to provide the fuel oil from 
the storage tank to the salt heater. Al~;~o · inclnc'IP,s .fuill 
preparation, i.e., the fuel ail heater, condensate tank, oily 
water tank and th~ steam lines for the fuei oil heater. (G&H)· 

5620 Salt piping/pumps includes the cold salt piping from'the main 
cold ~alt line in 5462 to the salt heater; u~ off-temp bypass 
linQ to cold storage tank; ~nd the cold salt booster pumps,·· 
controls and valves (if required); and the hot salt· piping from 
the salt heater to th~ main hnt ~talt line in .5462 ,' ~nsulation, 

heat tracing and installation for Mlt piping should bt:! included. (£) 

5650 Foundations in this account are only those foundations required 
for the fuel storage tank and fuel feed subsystem. (G&H) 

5700 Energy Storage Subsystem 

5710 Heula l!Onta1nment equipment consists of the cold storage t~mk(s), 
hot storage tank(s) and the drain tank(s). Included in this 
account is the field ereC".ti on of the tanks ami the intern.<~]./ 
!"xternal insulation and installation. (B) 

5720 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. Inoulati nn <'!11'.1 

inslalla~ion of puwv~ ~nd piping is also included.·(~)· 

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

and 

5760 Mec'l:ia - Storage media cost includes that amount of salt in the 
storage tanks; the hot line to the sump and the sump at the 
design point. (B) 

J-8 



Attachment 2 

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 ~iring, El~ctrical Struct~res and Wiring Containers (G&H) 

5870 Air Qu~lity Control 

This account includes all equipment associated with air quality 
f~o~ the salt heater; i.e., electrostatic precipitator, fans, 
controls, instrumentation, the stack, stack foundation, stack 
lightj_ng,.·waste removal, etc. (G&H) 

5890 Oil Fired Heater System 

5891 Oil 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 preheatera and FD fans that are not part of .5891 (FW) 

5893 Heater system foundations include all foundations required 
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 Cos~s 

5911 Temporary Construction Facilities 

Includes: Temporary buildings, sheds, trailers, wo~k 
areas, bays, roads, walks, parking, signs, railroads, 
l,mloading uucks' utilities' personnel protection' camps' 
cleaning services, ·maintenance services, utility bills, 
and site maintenance. 

5912 Construction Se_ryices, OS~plies and W,.enses 

Services: 

Includes: Cleanup, nonproductive time, medical e~aminq­
t1on~, doctor'ii fees, move on and of£, and construcLluu· 
equipment maintenance and servicing. 

Supplies: 

Includes: Welding rod, oxygen, acetylene, rags and other 
consumables. 

PlelJ Offlc~ Supplies: 

Includes: Office machines, telephone, telegr·aph, postage, 
computer rental, stationt!ry and furniture. 

5913 Field Staff, Labor Expenses 

Field Staff: 

Includes: Superintendents'· field engineers, cost engineers, 
field administration, warehouseman, purchaser, nurse, safety 
~nginocr t timekeeper, accouotiu:tL, cl~.rk.s, 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. 

J-10 

I 



I 
Attachment 3. 

5914 Field Craft Benefits, Payroll Burdens and Insurance 

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 braft 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. 

5915 Equipment Rental 

Construction Equipment Rental 

Special Equipment Rental 

Small Tools 

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

';920 Engineering & . Management 

5921 Engineering 

Plant Engineering - prime contractor to design plant, sub­
contract construction, and startup plant. 

5922 Equipment Procurement by Prime Contract~ 

5923 Construction Management by Prime Contractor 

i930 Contingency 

5931 Construction Cost Contingency: 

These represent normal construction uncer·tainties in an 
estimate which is based on a given design. 
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Gibbs SHill, Inc. 
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PAQ•JECT v DT \Ortii.U. ~D -.rwu. 

MANHOUAS COST/UNIT COSTS I -· a 
AIC 
NO. ITIM. DEKiltP1:10111 OUAN. UNIT 'EA . sua 1 1 sua. 

UNIT !TOTAL RATE LABDA CDNTA. MAT"L. LABOil I CIDNTAACT IIATIIliA&. 10T'AL 

t;tltw (i!¥1vr) 

c.., 
I 

l>-­
\0 

(, 

A 

~ VML~n1Su ~~mi~#1Jt.,· f'f'""t, .. ' 

p,p.wt,, -u,et.. wf~ I L#f 1t/15 I, 197, ._oo "Lt188,oDD 3, i7~ loaD 

t -;a ~ ~lu:kR) . 

"l1J '1tii4Ml ~ : 

'·nna-." ·,.,c f "l-t.-1 Li .9 I 'UI (1..18 1«1-.ifl.. i'f,,.,.. 1-vtt1 - ;,...q7 ,~4&/; 

: I~-. /•fr: {W>) 
' f,i) 

,.. 
U.t-{ I '14>~, sq~ tlo1,1B'/ 1"VU t? , .. ~~ /1,-18 2/l.t-f -uJ,Sif 1--

I 1,1{- 0 /•f'C 10 't.f 1. ,,,., u ,,_;& 3'3.o"l 11.0'3 '33o no (.C.o 

. '-

9- #Hti- . v· f·P~ 

]-
ctl v- /.1-'1 tv) [c..1£ U.o8 1.1-"8 -,.,o<f~ -u+< 'lotto 

IB• f•f~ lo'H v "·") 1/'J.<h, 
i -a;t.-sl-' 1•.39 1/3 . .fl. 3o'S',U3(, '3o5', -z.t>f. "to, s-n-

-z,y·• f•P,,- 1%' t.f 3.o8 ft 00 k31? j"o. 'h., 5b.f., 7 831.- lj s 'ilo- r9,1o~of 

~·c.- liEM' rMUf.J~ 

~tJ f(IJC 1T : 1 1hJIU> N.,17'1 {.,f 3o.oo C/-1/~,-vw l.fti-1,1-U 

e,,.J.•(; : ~~~~·i~l+'()'"'-~ ~ '-'ffnt.R. l)o,ooo /~O,ooo 
nc- I lA' 

n11H.- A/v 9/vl-- ~of,l~oy 1,1• ..... ,.sv ~93,-vw '3 I JI1.1 1.6"J.- t;, t,t 8, r8"f 
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DATi REVISION NO.-------- REVISION DATE PAGE NO. ---01'--
REVISION~, AEYISION DATE-------
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1 2 3 4 5 6 7 8 91( 
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BADGER 

DESCRIPTION ~nit Quantity 
TOTAL CARRIED FORWARDn•; •I• 

LARGE BORE 3" .+ UP -:.;!~·c" 
SMALL DORE 2'1" + DOWN 
CON'l'ROL & SAFETY VALVES 

BELOW GRADE PTPTNI': 

ST-P.AM TRACTNG 

SIJB-'ro'rAL 

MISC. 

Sl'ECIAJ.S 

SUD-TOTAL 

.. 
111\NGERS & SUPPORTS 

TESTING 

UNLOAD & STORAGE HANDLE 

K!!;WUKI\. 

X-RAY 

SPECIAL f"'T.I"II.NTNr: & PTf"'I(T.TNr: 

FREt GilT 

JOB FACTOR H~ .. 5§31.1 

TOTAl. SIIF.ET 

TOTAL ACCOUNT 

DIRECT 
SUBCONTRAC'f 

"C " ACCOUNT SUMMARY SIIEET 

I Is
1
sue ~D~te ~Chkd I 

1-----'--- ~,.~~t· 
. -··· 

II (Uoura) M (Mat'l)$ L (Labor) -- 'TOtal $ 

1_1 971.. 17~7S7/ 

- -
- -

Z7 971.. 11B7S"11 

10 b.~~ {,(,! 44 -~ 

- -
3" (., '/ <f .f _')__ ~It. 

13 ~00 /.S'l oot> 

I 930 -
/_9_1,. 0 -
14 ou -
9t.o 26'"d" 

ll.Z.ooll 

14 !>9D 

7Z. fJ$""1 ?7'i,!,OU • /IS7t.4Z-. 
'% 7!13 000 1187 'Do .? 97r r.o o 

.. 

Est. No. E t 5"9/ 

c l·l _,....,.. 



BADCER 
I I 

MISCELLANEOUS CALCULATIOS 

'. 
WGT. if 

SUB-TOTAL 

DESIGN DEVELOPMENT 2 (I I. 

TAKE-OFF FACTOR I 0 /'_ 

~ -
OSHA + QUALITY CONTROL FACTOR ~I. 

MISC.: PID!P PIPING, VENTS, 2/. 
DRAINS, NIPPLES, ETC. 

FIELD DETAILER 

WELDER QUALIFICATION I ~ 

BOI..TS & GASKETS 4- I 

. END PROTECTORS 

SPOOLS 

/SPOOL 

~k,N 4,riT~ 
. . . 

Acc.r ,.1 s ~ 1-'--
J-51 

I 

I 
I 

!11ANHOUP.S - MATERIAL S 

I 27 97(g, .: 78ZS71 

55'15 357 5•S 

Z '*/ t:) D I /7! 7'-0 

14DO !'9 :ao 

5'(, 0· 35 7S"C 

- -
I 

z&o 

-
fO 

- I -

·I 

I. 

Est. No. .£: ~ :5"?/ 

Acct./Sheet .J;_ ...!:_of~ 



BADGER ·. 

SUMMARY SHEET CALCULATIONS 

1 WGT. ! 
HANGERS & SUPPORTS 

3 $'"' \ OF SUB-TOTAL + MISC. + M.~ WC'l'. M ~~·IV!> 

@ HH'S/TON 

COLOR BA.'IDING 

FREIGHT 

lt . ."+''I'S 
FIELD X-RAY ::.'f-•t·· ~'> 

"\t·J.•'' 

STRESS RELIEVE 

PICKLING 

TESTING 

STEAM TRACING 

JJ 
n.4"~/• 13 fliP 

36 "'' ' 

UNLOAD & STORAGE HANDLING ?X ;.f'" ~1'fT' 

REWORK · 

47i~ JIM,6'1"M 

/'f-a.T8 ;-~-z.,t-

II•;·· I ~:'~f=j Chkd I 
J-52 

I 
-· -

i :. 

ftANHOURS MATERIAL S 
·-= 

13 $'b 0 

i 
I 12'1. "00 

I 
I 
I 

9•D i. ~ 2.4' 110 0 

i 
i 
i 

lfi.O 

/4oo 

Est. No. E ~ ~?/ 

Acct./Sheet"-.__::[ of 5 



(.' .. G "" ?,_ "V' II ./ 
WEIGHT MATERIAL FAB. LABOR COST I FIELD II H 

QUAWTITY SIZf DI!SCIII1TION 
UNIT TOTAL UHIT TOTAL UNIT TOTAL -r-UHIT TC~A:. 

,::, ~ "'· .s •. : ... .. 
.. --

7fl ..,. 5c.I/.4D A-~~ ~ ~"ss fo :, St:h) . .., '" -~~ 

7D2S' Ill 30 

11r u. ·30 ,..,. 
s #fl. Slll~ At.N t:i~J-'~cc, 

2- IF 3D I 
2 4 40 rr4t-
~ ;,f. 30 ' 

l. 24-Jtt- 3D R~,)-

4 + 4o ·'TV~ f;,., i) 

+ + 2c.~.) • S u ,;_c., t: c/~ 

--

-

CLAS$:---~-----

IIIAT'L: 3 f-2 S 5. 

67·61 

ZIS: I ~,; _1?~ 
31111· 7".?-J,O 

'• s.a; ,~. 

/30. l.~() 

UCI± -~~08 

loD 4oo 
t'tf 'I 0 2'::)').~ 

z~~l 44-'t-
/~Q .f.tlo· 

I( 7, 
I . ; ~~~ 

---
i .. 
I 

i 
i 
I 

' t 
I 

1 

I ' I 
I ' 

! ~-

' 
i ., 
I 
! . L. 
; 

' 

i 
-"-

L -

c.o , ________ _ 

AR£A ----------

UHI~ _ __::'>o..,S:...__.4:~.-.~k1110-"V'._. ----­

J-53 

-,, z.3 , f' ~ I., 
3 ,IJI '1F'7 . ... ,. 
,~ "r s~ 

S'l ~c. ,,.., 
"· .ogl '"" to! 1!1 ~l:t. 

"~./II -I "\.·11' 

!.~, ... "'..., 

'l.'1. I I 

•I! 

--

·- ---

.... ; -r 
--· ~i---

I /1 J •.:1 

PILE NO: _....,E.._,l;,G.__~_c;-_..;..1 __ _ 
$HE[T NO .. --------­

DATE -----------

SIGHATUR£. --------·- ---



J./c, ' QUANTITY SIZE DESCRIPTION 
\ 

\ 

/K~ ~ sc,J/. ~o ;,,.4? 
72.'1..0 I? /0 ( 

/D Z.lf- v 10 1 
"74A~ 

J], 4 su.t '0 1:~.,., to"t.c c. 
... ~ ~0 ~~~ .> 

z. 13 10 l, 

?. 2411 ~ v_ 10 tf~~· 
-

' -

CLASS=------r-::---------
MAT'L: ____ .=9£-::j.-..... <;1.-______ _ 

67-61 

(:E_T 
WEICHT IIIATERIAL 

UNIT TOTAL U"'IT TOTAL 

f /440 

z.~~J,. "''~0 3' '3'> 994-
I~U ... 

_jLJ 6~ l %1> 

·Z""·•• ,,_ 
14q~ 'J 14-
4-3~· !t,t.. 

:Zt>l~ 

c.o. ·----------
AREA: ___________ _ 

UNIT: --..i!r'-l:z..._)..a::;.."k=~;.._----­
.J-54 

")f-'2-:~ 

FA8. LA8011 COST FIELD .. H 
UNIT TOTAL UPIIT TOTAL 

-
• 11 14- .... 

- I· ~'I.- n'l~.., 

],8.,., "!..~ 
1:1 .. '1. 

' .,.., 7'( 
8!~ 211 ,., ~~ S"t 

'Z-'1. fll .5+ ,, . 

... 

--

> 

E- (.57'~ 
PILE NO.:-"----------

SH.EET NO.:---------

DATE. ----------

SIGNATURE.----------



c.... 
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\J1 
\J1 

CllENf -·-·-~ ------."·---·-------
CONSTRUCTION COSTS 

LOC.~TION --·-

PROJECT BY CHICO APVO 
=====- ··- . 

COSTS I ' MMoiHOURS C·DST/UNIT 
AIC 
I'll). ITIEM 6 -:>ESCAIPTION OUAN. UNIT· PEA . I I sue i SUI 

UNIT ITOTAl1 RATE lABOR I CONTA. MAT'L lABOII COi'll'fiiiACT MAn RIAL TOTAL 
~ 

~431 _I!JodoJ~ M,_c7hA- e.sr t 

(~IN 
. 

'PJ;t6IIJQ(/j I f•f't<J') /bJD 

#tow /ht~Htt.JI,aS ~ lUJD•Nio ,_ 
~' ~TD~E) ,,l.JI {b-,. ().toe/ . (,tt4-,r33 "91J, 13l 

s-f/.3"2- w~ ~~ Ptu~'WCi 
l:f;v, e_M-e:rvl ' - .. 

(~ot.J ,._.w8/l,,f'd,Nf"~ l)l4,1)ft.) 

~·" 1-.o~a RibAS MIS'i I ~.or 15"0,0~Q 150, G'O"O -~50 I)'Vl) . I 

~1' ~~ fg11Af (pp l·>~l I ~'JI 'fo fo t1.n iJ 8o 1'5~0 (, 6 :> .'"1~~- ~. l--,o 

·' '. 

SA«" 11UllfJ~ f•fti'T~ (te£ a~r) I wr e9? 1.:38 1'1, ;oo ~S"'oo 1.1,1."0 

. ~ 

cf,1 '1N WLM I o/IJ ; '- fHit( 1/ •,,.,. LF • 'tl ~ lt..1S '". 'i;.. I 't-'9 1.- "q'l (,If t.1 I 3; t;l'f 
-

'1imt.. t.-k .;t/31-j n~. ...... 1-1-, "&-1/1 1SO,o6'D 1,1,017 1~'5 1 """ 

' -
pl.,.. z_1.

1
1A 1 1Sb,"" 1 ,, 15'"0 c, o~a1, '3i7 

i 
I 

I· . i 
DATI----.-__,;~ REVlSION NO. _____ ,;__ REVISION OATE _____ PAGE NO. __ ()P __ 

AEVISI()IIf NO .. ------ RIEYISIONOA'fE_. -----



DADCF.It 

CODE POSITION DESCRIPTION Unit Quantity II (lloure) H (Hat 1 1)$ L (lAbor) 7otal $ 
1 2 3 ,, 5 6 7 8 9 lC l1 12 TOTAL CARRIED FORWARD 

IJ\RGE DORE 3" + UP J,flll <I) .136 l7~7 
SM/\I.L DOHE 2'2" + OOWN 
CON1'ROL & SI\FETY VI\I.VES 4- -1-- -r- - ·-f- -- - f-

f-· - - - ·- -· -- - - - -, . . I UELOW Li!Ull!~I PING - --- -- - - - - -· --
,_ -- -I- - -- -

£. ~. S'I'I·:IIM 1'HIICTUG -- 1-- - - -- - -· ·-
1- - - - -·- - f- -
1- - -- ·- -I- f- - f- - S!lll-'.1'0'1'1\T, 34Z... Z1~-, -
- '- - - -- -- --- -
l' ~ F MISC. /3(.) I I() 0 

f- -1-- - -- -- ·-
- -- - -- - - --c 1·1 Sl't-:Cl/ILS -- - --- -- - - -· ---
1- - -- - - f-
1- f-· ·- f-

SliD-1'01'1\J, 471.. _1.1.'C7 -
-c II 111\NGERS & SUPPORTS J I. s 2 30 .. 1 

fc ·~ f- -r TESTING Z'!' -1-1- ·- f- -f- - 1--

7'- - f-
,_ - - f- - ·-(. l' UNW/\0 ,. STORAGE IIANDLE l' ~ -1- -· -- -- -- -

~- ·- f-· -·- -- ,_ - -.T liliWORK l D -- 1- -- - ·- - -- ·- --
- -- f- 1-,- -- --
!.:. ~ x-MY "tffi'R66S==HeL-tr;vE 10 I 00 ' - -I- - --- -
- -- -- -- -··- f- -. r: r- -- - -..S.ruc.IAL rr.PANTNr. 1:. nu-.v• T ..... 

- - -- ·--- -I- r- -
~- \- FRP.T<.IIT Zoo --- ,-
- - r- - -- r- -- -

'2 :i ~/ .. JOD F'A.CTOn "l'1 180 

~ 
- 1- -· - - - - -- -- -

1-

f- - f- 1- f-
TOT A£, Sllf.f.T 1?97 (,.. 4 -"11 14-&.D'3 

TOTAL ACCOUNT '~00 14- bt>O Z/100 

DIHI-:CT -
SUHCONTMCT 

"C" ACCOUNT SUHl-tARY SHEET 

Client 

b_ .. , .. Jflki_~~E'~ I Est. No. E ~S-11 
l'lon~ ld·'l!) c 
Suhj~ct !:1.3).. Pogo l~of~ 



·j 

·. 
: 

SUB-TOTAL 
' r 

DESIGN DEVELOPME~rr 

TAXE-OFF FACTOR 

' 
OSHA + QUALITY CONTROL FACTOR . . 

•, 
MISC.: PUMP PIPING, VENTS, 

DRAINS, NIPPLES, ETC. 

FIELD OETAILER 

--

WELDER QUALIFICATION I"/., 
s;, - / ~ t ( 

BOLTS & GASKETS 

END PROTECTORS 

SPOOLS 

/SPOOL 

1UtJ'- ?'o~ 

BADGER 

MISCELLANEOUS CALCULATIOn 

WGT. jt 

7<) /~ 

-

10 I. . 
- ----

.S"% 

'2 i': I 
I 

I 

J-57 

MANHOURS !-'.ATE RIA!. s 
3~Z.. 27&7 

·---·-- -·-

?o >c,o 

- -

.J~ 2.~0 

I~ 14-o 

~ -~< 

> s~ 

I 
- /0 

I 
13 0 /100 

Est. No. C C. 5-?/ 

Acct./Sheet-'._ _i_ of { 

-



BADGER 

S~YARY SHEET CALCULATIOMS 

'olGT. 

RANGERS & SUPPORTS 

@ MH'S/TON 

S"'P PA INTTN(; 

COLOR BANDING 

. i 

FIELD X-RAY IQ ····~,~ /0 

< 
.I 

STRESS RELIEVE i 

PICKLING 

TESTING > "/ '>T """"'- . 47 \.. 

I 
STEAM TRACING 

UNLOAD & STORAGE ~D~ING 7 ;~ $ r 3' ~ oz.-

REWORK 

41~ T,.., htl~i7'r1 
,4.c. T '1/-. 5' I~,.. 

J-58 

·' 
I 

~i 

MANHOURS 

10 

! . 

I 

I 
I 
I 

'j 
I 

MATERIAL S 

Z3DD 

'l.Oo 

itN:> 

.I 

Est. No. C~ ~tf / 

Acct./Sh~et ~ ~of <( 

-e 



WEIGHT MATERIAL 
QUANTITY SIZE DESCRIPTION 

UHIT TOTAL U"IT T TOTAL 

~80 .,. srf/-1-o /./.? c/s. 147"" 11..7-v 

J'l .. -~ ., ~w 90 11/:L L 

.::. + ~00,. ~t tj~ 

I ~ ..::c;..,..,. >·c./.14.; 6~11- " 
I 4- L. cr.r,t t/ -· 

I .,. 3.o~ f 1-;-l ':,-,/ C.w~t II 

:LASS:----.:--------

- UT'L: C,/S 
• 67-61 . 

lb.-'S" (D 

ill ~u J!' 
.s 

:sqo ~+O 
tf.[gO, 4(,v .... , 

- -

c.o. ·---....,.--~--
AREA:-~:--------

UNIT: S4 ~ "1-
.J-59 

v 

FAB. LABOR COST FIELD",. 
UHIT TOTAL U .. !T r:.· .. ~ 

,.;. f· .. 

I f-( :n-v 

(,,H 7• 
.;. ~r- I '-

' 

";tc _: .., 
,_,0 I 

~ #· 

~ ,z f f-

. 

·FILE NO.: -~£:;____6 __ ~_.;.·.L'l-.!.1 __ 
SHEET NO.:-------

DATE --------

SIGtU.TURE: ------...r-
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CliENT _____________ .._.. __ _ CONSTRUCTION COSTS 
LOCATION ~pw 

=:::P~RO~~~CT~=/t~J,f; AWl;:•·..,;;;-;:';;2!;;;/)j~t-;;;-b.:;ut'.~;;;;;;;;~;;:;;;;;;;;,..'==:r==:=:=:=:=:::::::::::~=;==~===~~=r=~BY~~~~C~H~K~O.;;;~;;· ;;·;;;;;;;:;;;· ~~0~; ·;;;;;· ;;;;· ·;;;;;;;;;;;~ ... . . 
MANHOUAS COST/UNIT COSTS I • 

AIC 
NO. ITEM a DESCRIPTION 

~1./c./G . 'lowot. 

(1) R~ otJ. ~~ usr·Ga~, 

~ ~~ fit'Cs 

(~) GI~S /tr#D liru. ~~. 
~ ~p 'fkh 

OUAN. UNIT P-EA 1 I I sua ' 
UNIT YOTALI RATE lA80A ICQNTA.I MATL TOTAL 

l,nt,~ 

.. ,' •' --.I .. 

........ '· _., .... ], ... 

DATE--------· REVISION NO.-·------ AEVIStON OAU _____ PAQl NO. --01'--

AEVISION~. ----- REVISION OAYE -----,-
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-At..n:l.JI/A-1* n1AIEX. E*Sf'l.totilfr, ~ ~ 

JOB NO. 

Gibbs SHill. Inc. 
11-2 7 7 2-001 OESCR. 100 MW SOLAR PLANT ENGINEERS: DESIGNERS. CONSTRUCTORS 

N£W YORK 

CLIENT __ MM_S_H_P_P ___ LOCATION BARSTOW I CALIF ESTIMATE 

COST PER UNIT 

LABO.R 
ITCM OH 

ACCT. NO. 

5440 

----·-

----
'-
1 
0\ 
w 

Di:SCRIPTION QUANTITY 

Tower 165 m. H x44' dia .• X . 
70 dia. 

Concrete-Floor Slab & Ring 

Beam 100 cy 

Wall 6280 cv 
6380 cy 6380 

Rebar 200 1~CY 638 

Slipforms Including 

Scaffoldinq 
SUB TOTAL 

-
Indirect Costs 

---·--, --
---·------- ~----· 

iE1evator -
---------- -------

Gratings & Supports 22 

------- -obst-ruction Lights, PoL LOW Etc. 
--·-·- ---·-· 

-·---- ----
S11V4 L£" 7blclf'JL 'l'OTAL -------- -- -

I 
------·-··· -------·-- t _._54..1/)__._ _Q.~.:~t..9Il_~!!9 in e ~ r in q 

----·-- ----------

-1 
r-1o•. ? .. ]rl ! 

UNIT IAAT'L, S SUBC. $ •·u-i•s S/HR 

CY 40 3 

TN 550 50 

t-17. 50 
I 

--
T 2000 100 17.50 

-

.. 
.. 

-

I 

EST. BY'---!fl::!l..=t. _____ PAGE NO . ....L..')_· ---

CHKO. BY------ SHEET NO.-- OF-

DATE 'i>·l .. ,. ·11 APPROVED BY·------

COST 

f,.ATERJALS ' TOTAL SUB· 
UH'S. EXPENSES CONTRACTS LABOR TOTAL 

19140 55200 

31900 B50900 

25000 67000 

(40) 
76000 73100 1333000 1nouoc 

826,00( 

1 'i000( ·-, 

2200 44000 39000 8300( . 
-

3800( 

(100) 
13.200.00( 

25000( 



CLii:NT --·-· ··-·---"·'···--------'---
CONSTRUCTION COSTS 

LOCATION_ .. ______ _ 

PROJECT -· BY . 

-~1~ 
nn:a::::::=--; ... _ 

MA~HOUAS COSTS I _j COST/UNIT 

ITEM t.t DESCRIPTIO'- OUAN. Ullll':' PEA I . I . fiiUa 
UNIT ITIJTAl' RATE I.A80A 'c~~R.I MATL. LABOR CONTRACT MATEIHAL TOTAL 

~ 

FtJ vAl 0.4-t1oJ 
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/Jtf,1f1UJME n..ua locJ,I\Ij);H),JII GSf"l~ Ill( t~St:O . · 

Gibbs S Hill, Inc. . · ' 
JOB NO. 

11-2772-001 100 MW SOLAR PLANT £NGIN££RS.OESIGNERS.CONSTRUCTORS 
--------DESCR. ------------------ EST. BY_e.l!..::e'--------- PAGE NO.-="'----------

N&W YORK 
CHKD. BY--------- SHEET NO.--- OF---

CL!ENT ____ MM __ S_H_P_P _____ LOCATION BARSTOW, CALIF ESTIMATE DATE 'il·~"'-1' APPROVED "BY--~---

COST PER UNIT COST 

LABOR 
~ATERJALS ITEt.l OR ! TOTAL SUB· 

ACCT. NO. DESCRIPTION QUANTITY UNIT t.IAT'L. $ suBc. s IAH'S S/HR WH'S EXPDISE~ CON1'RACTS LABOR TOTAL 

5450 Tower Foundation 180' 
Across Flats 

Concrete 7890 CY 7890 CY 40 1 17.50 7890 15600 139075 

Rebar 150*/CY, Anchor Bolts 590 TN 550 35 17.50 20650 24500 361375 

Forms (Reuse) 125000 SF 100 0 .35 17 <;O 8750 ~<;OOO 1<;11?<; 
' 

Excav. & 
~ 

Backfill ~5400 CY .5 12.50 7700 - 96250 
I 

"" l..n Premoulded Expansion Jo~ 1 LS - 17.50 860 20000 15000 

(100) (175) 

TOTAL 9380 CY !>85000 765000 Jl.450000 

-. 

., 
•. 

. . . 

F-R7~ 7-70 



t.., 
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0\ 
0\ 

CLIENT --- ~------....:.--­
LOCATION-----------------­
PROJECT 
--
AJC 
NO. . ITEM & OUCAIPTION OUAN. 

-
lf~o .~M-T/~ 'a.JI!"fl.lrnll.. 

-~M~ 

54,.1 

9/-1,1.-

9/r3 

Sll-'4 
16-mL tr/r.. 5lJLo 

.. ... ., .. .. . . .. .• . . 

.. . , .. .. 

.. .. 

CONSTRl)CTION COSTS 
.. 

MAN HOURS COSTNNIT 

UIIIT ·nA I I sue · 
UNIT ITOTAL1 RATE UU10A ICONTA.I MAT'l.. 

' 

'"~ 
11,1" 

llt,31o 

5foo 

.. -
. Sq1-11 

. 
.. . . ' 

. . . . . . 
. . 

. . . .. • I •. ~ 

'· .. · -.. 

I I· 
I 

BY CHKD APVD 
COSTS I • 

SUB 
. lABOlt CONTRACT MATI'AIAL TOTAL 

I ; 
l 
; 

' I 
; I 

I ' r ! ! I 

I' 

1;1.~ "Z-S'I?, 000 1,51~,1111 1,850,51 b 

5"1~,t1o• '· 9JS: SJ$" I, J~ S: 1-~!" 

?Vi, t7#'D 893,000 /, l,o/1 ITf11} 

9r.,no 5"s; (fD1) 6/, CTlfO 

I, '31.' I' 00 
1-~,ooo 1,1'1111 'h- Ll,lfl."i,1'i~ 

: -
-

.. 

. 
., 

: 

DAft _______ REVISION NO.------ REVISION 0-.1E-----· PAGE NO. __ .,. __ 

REVISION NO. ----- AEVISIONDA1E-----



CLIENT---·--·--··------------ CONSTRUCTION COSTS 
LOCATION 

PROJECT 
-.,.,..,~~:=:=:ic:::::: -- .. . 

.. 
BY 

MANHOURS COST/UNIT COSTS.' • AJe 
PIO. ITEM 6 DESCRIPTION OUAN. UNIT PER 

0 I · I sue · sua 
UNIT !TOTAL' RATE l.Aaott I CONTRol MAT"L · o\.ABOR CONTRACT MAftAIAL · TOTAL 

.5-Aa-.-/~ 
: 
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,o 

~t.7J~ 
. '" 

., -· t:1-: Tf"lo"'L- -~ ' 

('1-'f
1

1iJD (:.(.,_) 

-~<Jo1I::· ~~~~i1Lik P/tf.Jitt~ ,. 
~ 3'l3.1oS' · 

Qvo'tl: WltMT 'Uil>. J m tft,,, 9#0 . . 
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· (~AoiH7-l-x, fr~) tloo 1./n /1.11& (, &Ob (,Soo (,9~ -
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OATE.---.,.,.---- REVISION NO.------ REVISION OATE-----~AGIE NO. --oP--
REVISION N' ,__ _____ REVISION OATIE ____ _ 



CLIENT-­

LOCATICN------------­
PROJECT 

AIC 
flO. ITEM 6. OfSCRIPTION OUAN. 

,, (~) 
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CONSTRUCTION COSTS 

BY . 
MAN HOURS COST/UNIT COSTS.I I 

UNIT PEA . I . I SUB I IUa 
UNIT !TOTAL1 AATE LA80A i CONTR. MATL. -LAil'JR CONTRACT ~ftiiiAL TOTAL 

I : 
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; 
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I 
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AEVISION NO. ·~ REVISION DATE-----



CLI~N-r -----· ______ ...._ __ CONSTRUCTION COSTS 
LOCATION-----------------­

~llOJECT BY .. . -. . . . . 

::l 
w - - ... 

MAN HOURS COST/UNIT COSTS I a 
ITEM &.OEICRIPTION OUAN. UNIT PEA I I I SUB ' sua .. .. UNIT TOTALI RATE LA80A ICONTA.I. MAT"L . L.AIIO" CONTRACT IIAfttliM TOTAL 
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-..J 
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CLIENT ---- -------------
CONSTRUCTION COSTS 

LOCATION-------------­
PROJECT BY . . 

- M/<NHOUAS COST/UNIT COSTS I • AJe 
1110. 'ITEM •:OUCRIPTION OUAIII. UNIT PEA . I I SUB i sua 

·' UNIT·ITOTALI AATE LA80A ICONTA. llAT"L LABCNII CONTRACT IIAftRIAL. TOTAL. 

'tft,-z, ~I~~ ~(ZMJI..A1h.} -~P· 
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' I 
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'fZ[ · PP 1o1 73(4A) I" "'f 5'1y . 
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c..... 
I 

-...s 
...... 

BADGER 

CODE POSITION DESCRIPTION Unit Quantity 

l 2 3 4 5 6 7 8 9 1(1 11 12 TOTAL CARRIED FORWARD l...; 4 h 
IJ\RGE BORE 3" + UP -=.-' -,.""' 
SMAI.L ~ORJ-; 2'1" + DOWN 

-- CON'l'N.OL & SAl-'!>'fY VALVES 
!--

f- r- -- -- - ,_ f-· >-- --
IWLot-1 CIO\IIF: PTPTNr. I' ~ -I- 1--- 1- - - -

1- --- -I-1- -
c !~ :_ 1- - -- !'>TI·:AM TR/\CT NG -- - -
1- - - 1- -I- ,_ -I-
f- f- 1- - SUB-'l'""JI'AL -
- - --1- - -- -- -- -· 
(' ~- 1-' MISC. 
f- - -- -I- -- -
(; -- -- -- -- -

II SPECIALS -· -- ·-- -- - -· - -
:-... -- :- - -- --1- -

SUB-TOTAL - f- ,_ -
1- _,_ 

c I HANGERS {; SUPPORTS 
1-1-

15 -c I TESTING 
1- f- -

c (' I UNLOAD & STORAGE HANDLE 

-- -IC 1l IU~~ORX 
- 1- -I- -- --· 1- -
--· -- - ·- - ·- -- --. 
r..:. -~· -I- -· - 1- -- -I- - K-nm: til ;>'l'IU-::iS Bl~l.l t;llt; 

1- - -I- - -- -- -- -
'.:.. .!~I- ...!ArLaAr. "'1.1·~1\:tHNr. K. PTf'KI.TNf: -- -- -
I- 1-1-1- 1·- 1-
.£.. 2' 1-1-1- -I- -I-1- FRETC;IIT 

I- -- 1-1-
75 ;D ?'If 'I... 

I- -I-1- -I-1- -I-
JOB F'AC'I'OR --

f- 1- -I- -- -I-1-

1-- - -I-1-1-· 1-1- --1-
TOTAl, sm:ET 

TOTAl. ACCOUNT 

DlllF.G'f 

SUIICONTRAC'f 

"C" ACCOUNT SUMMARY SIIEE'C 

Client 

p lOflt _.Sc.//flf._ _/f.lj,(:~.t<~ It) 
SuhJe~t __ d..[.U':. -rl- ~--I_ C. 'Z-

II (noun) M (Mat'l)$ L (Labor) 'Total $ 

4-~ ~ I llf. .u ~ 

71 

-

-
4'-S't- ll/.9~3 

114 0 ~7 2~~ I) 

-
'-Jl"L /71. II.'?> 

-
2ZIO 31 ouo 

31S' -
Jlo -
"Z ~ 1.) -

. >4 < 1 ~ •too 

f'~ao 

Z4S5 

/2. 42.1 l2~ (.t.3 Zoz. .~11.--

Z 1 ~ 7D 0 ZOZ.3tJI> 4 l.9 0 ()\,) 

·• 

Est. No. 

c ,_1_ c•f '> 



·'·..1· 

BADGER 

MISCELLANEOUS CALCU~TIO~ 

WGT. It 

SUB-TOTAL 

I ., 
DESIGN DEVELOP l-IE NT '2 .... /. 

TAK!:•Qf'f..,.E:At~·f~'!H J_, ~i. ·--., 

OSHA + QUALITY CONTROL FA ::"!'OR 5 % 

MISC.: Pt.~ PIPING, \i'E~ITS, 
~ i'. 

DRAINS, NIPPLES, ETC. 
- . - -- ···-··----

FIELD DETAILER 

I 
I 

WELDER QUALIFICATION 

~?( ·. r ... .,., 
~' 

BOLTS & C'.ASKETS 
,.~ 

--· ''''"·-~ 

END PROTEC'roRS I 
SPOOLS 

/SPOOL 

--~-----------~-=------~+---~~~·-· 

llss~e I ;;~~-)1 ,~;7 1' Chkd I 
J-72 

-

~.ANHOl'RS ~.ATE?Ir..!. s 
,;.&"81.. 12;,. ss 3 

; 

~11 "24- 97~ 

oii!D /7' ~ ':f (J 

z~o .. {, '21-~ 
·~·-··;,., ......... 

' 9o ·z 4 '5" 

I 
.f(' 2'7~ 

·- ...... ·-··· ···-'" 

- I foe .. ,_., 

-

Est. No. £ ~Sf'/ 

Acct./Sheet ...c._ ...i_ of~ 



S~~RY SHEET CALCJLATIONS 

HANGERS & Stn'PORTS 

].of\ OF Sll'B-TOTAL + MISC. + ~"' ,._,_,...,._. 

@ MH'S/TON 

SHOP PAINTING 

COLOR BANOniG 

FREIGHT 

FIEr.o X-RAY :7•;. !i• .... ···~·CI) 
~. ,.,. .. 

f;. '" r 1 1;,,'' ciS *'· ,,. .. 
I• ;.t·' 

.STRESS RELIEVE ''f- ,~ .. ,.,> 

PICKLING 

STEA:-1 TR.l\CING 

J, ., 
sf 
• 
1. 

tl AA;.i 

I 10 I 
!', 1.. 
~;J '3. 

IcC :. 

'"' .... 
-z. , 

UNLOA:> & STORAGE HAliDLI~G ?.~.; 'Sf"' f S ( v 

REWOR!< 

l l WGT. 

·I 

J-73 

HANHOURS !o'~TERIAL $ 

.JIDOO 

! ' 

/7f 3fDo i · 

., 
370 i 

j 

31~ 

-
Est. No. £6 Sf'/ 

/ 
Acct./Sheet~_[_ of 2._ 



I WEIGHT IIIATERIAL FA&. LABOR COST l FIELD'" 01 
QUANTITY SIZE DESCRIPTION 

UNIT TOTAL UNIT TOTAL UNIT TOTAL I U"IT I ·=··~ ........ - ' ~. 

t-o_ c- >.· r..-. , o A .#t~- "''~'=-.s ~0. 3o~~ ,~ :>~ 

-~ 14- / ·' zvo. /0~ 0 I. 'i 3 10 ·-
2...7$ '" .L ~ /I, 0 ;:~ lft:J 0 ~. ":.7 (,)-., 

;A" ... '"" 7•'? 

7 b sc~ 'o /:.-v 7cJ iJ~c. c.. t7f I 'H-! ,, !() 
''~ 

~ 14- i 75.,;. I ~~~I) J~.~ .. , ~co ·-
17 lh ~ 'lot~ oz. I'() I~ J'i,<;? ".,.::; 
3 liP-1!4 ll~-1'> r;.;c I 7 10 3.,,,.,: 113 

2. 14 s'!'v~ fNn .;r; s. ~10 ~ ,,i 4 , 

2. I& ~ Nolll~~ ,, 'I, . u.~ U.r 'li I ~~ 
··- g, ""' 

--····· 
2.. I~ 3=-,• so .u~s fl_s H~. {'o 7 J,., ,{' 

21 ''!o te'' 

--

.. ......-..,.11 

-~ 

-- --

'-S9/ 
FILE NO.:---------

c.o. ·--- J.-74 SHEET HO.: ----------

CLASS:----~~~~------
~47S,S. 

IIAT'L: -·----~;......;...::::;;......---...-~--

AREA:-------------
UNIT• __ ..;s~-;~";....::'2-::;;._ _____ _ DATE. ---------------------

SIGNATURE.-----------

67-61 



SIZE ! WEICHT MATERIAL FAB. I.ABOR COST FIELD oo H 
QUANTITY DESCRIPTION 

UHIT TOiAL UNIT TOTAL UNIT TOTAL UNIT T:'!AL 

-
-

lo ~ s:/t.fU //,/~ 9'-r '!>tf~ I C "3 4-1 

Zc.J fp }W 5..,. 
I • :Zt~ J. J ~ ·- ~., 

i:fo 10 ~ t'J.O ;t~.·· HS'£. '. s .. '2::.;) 

ZtJ '" s~. 10 J9.'' '3tv I. fC 2~ 

7S" ,p J7,..g /OS," 71? ( !".1.) 31\..-

S"tJ 'J.~ " ,,. " i If~. fJ.'So ,_,0 
.=o~o 

~~s :a• _., 10 c. I 

"(p 4- >c.ir.tl-0 t:-w .:fe"~" zt;. l'fD If.~ .. (,~ 

3 (, I I'VJ I r. :r. lrt) ,(" -47 .:(, 

" /() ,,.,." I no /f..~O 3' S'7 2 ~ !' 

4- lb t;,GJ,. I 0 I 11?.. 'S'z, .. '2/ CJ ?4-I 

"' '~ /'1,0 I /%.,'!". 7(,'f"O t/.3.~ s,. ~ 
3 '1-4- ,,0 1 2/,.1.$: 7171' /_d.1"r 

., ,. . - -. 
I +- I ,_ o ~~~ 1~ ,3~ IS" ~o.Y '" I " I'W " ,s 9~ ?(,$"1 l-""' 

2. 4'13 !"'JJ(} ffEr>. '20 4o 1& ,If. 2-o --
'l. ""t 4. I "V" I ~ Sf, ID l. 1.) 81 !.~ 

I l ., I )A Nw \. \.('-t-tOl ,,yr; 1'1! IIJ., I frJ 

z. + . I :SO:)'- WN ~~~ /I :r. 210 7.9"J... ,~ 

'2. (I) i I z_Dt)' -/oo 
It? "" 

Z-1 

Z- to v i S4-~. ID80 ;.; . ? ., r-o 
:z... '" 3-c:> ~ ~ .31 o, '-1.0 IS. t.i' ;u 

Wi:-., I"'' " 
'Z 4 /C:Z,t)., ~"' 6Atl'-., · ?32-f. "r..so fl.)? 2" 

Z- ~ I I ,6' /7()• 13 (;t)() /7 _?c :!.:' 
z.. 4 ? .., ~linK I 7/,1~ !"2.?..0 /l K I u, 

u ., !""Q j 7 

I f I ~ c; J >II ;; L (}:~ (1M iP-cJ" 1t:C v,;£ - -- t., ~' 7 
I I 

I 

I lc -"cJ"- 6 • - 13 ~6 J/, .,, 

·-
f..lf/10 Z771o 

cGS9/ 
FILE HO.: ---"'--~-------

c.o. ·---- J-75 SHEET HO.: ----------

CLASS: _____ _;__,-------

otAT'L: _____ cL-/...:..s~-----
AREA: _____ ....;..._ _____ _ 

UHIT: ___ ....:::.:J.:...-:"¢'--.:::.(,'----'1.-=-----
OATE·--------------

SIGHATURE. ----------

67-61 



Sibbo B. Hill.- Inc. 
OB NO. 11- 2 7 7 2 

R ~---~-~.=a==~~Ra~~ 
DES•:R. ]00 MW SOLAR PLANTENGINEERS. DESIGNERS.CONSlRUCTORS 

NEW YORK 

:LIENT MMSHPP LOC.IITION BnB.SIQW, CA. ESTIMATE 

COST PER UNIT 

LABQR 

ITt:t.l OR 
\CCT.NO. 0 E S·C RIP T I 0 N QUANTITY UNIT MAT"L. $ SUBC. S MH'S l/HR 

5463 PIPING, FIT'l'INGS, HANGERS 

FABRICATED 1 LOT . 7. 50 
! 

VALVES l LOT 

INSULATION. 1 I LOT 17.50 

t 
PAINT 1 LOT 17.50 

_t... 
I 

' ....... TOTAL A/C 546 3. ' -0' 

5464 FOUNDATIONS 
70 I X ·70 I X ~ I = 544 CY 550 CY 100 10 

Data by Badger 

-

• 

" .. 2$.8.75 

EST. BY_c.CJ:.:c:..._ ____ PAGE NO.--1, ___ _ 

CHKO. BY _______ SHEET, f10. __ 0F __ 

DAT_E ..... .,.l., 
t:l ....... ., 0·.,9 

COST 

TOTAL MATERIALS sua-
MH'S ~EXPENSES CONTRACTS LABOR TOTAL 

32000 350000 560000 910000 

tNCT. 466000 - 466000 

5370 54000 94000 148000 

4000 13000 . 70000 83000 

41370 883000 724000 1607000 

5500 55000 96000 1•51000 



'Cl!::l'H -··· ·-·---·-·---
CONSTRUCTION COSTS 

LOCATION __ ..:__ 

PROJECT . . .. . BY CHICO -- .. 

[ 
.. - ·--

. AN! MAN HOURS COST/UNIT COSTS I l 

1'1?. ITeM 6 !>ESCRIPTION OUAN. UNIT PEA I I sua · ..... - UNIT.ITOTAL' RATE L.A80A ICONTR.I. MAT.'L LA~ COlli TRACT IIAfttiiAL nn'AL 
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'Master Control Hardware Equipment List 

Model No. 

' 1862 
3765-27 
4850 
4852-1 
4862 

·4906 
4911 

'4701 
4611 
4411-2 
4426 

'4217-1 
'4157-1 
4137 
4820 

1300-1 
1309 
1310 
1905 
'1910-XXXX 
0001 

02XX 
820 

Description 

MODCOMP 
Classic Computer (131 KB Memor~ 
Disc/Console Controller 
Multifunction Controller (2) 
Card Reader Controller 
Port Option for Card Reader 
Peripheral Controller Switch 
Peripheral Control. Sw. Encl. 
Interval Timer 
CRT Console Device 
Card Reader (300 CPM) 
Online Card Punch 
Electrostatic Printer/Plotter 
Magnetic Tape Unit (9-track) 
Rotating Disc (10 MB) 
MODCOMP-MODCOMP Parallel Link 

(DMA) 
Analog Input Subsystem 
Analog Input Expander 
MUX Gate Card 
MUX.Contro11er 
Communications MUX (12) 
Cabinets (Misc.) 
Stindard· Software 
Licensed Softwa~e 
Cabling 
KSR with Printer 

AYDIN 
Color CRT with Graphics 

CONRAC 
Digital Displays (CRT) 

TOTALS 

Specialized Software 

J-79 

Cost ($) 
PCs DAs HAC· 

45,850 
12,400 

3,610 
3,970 

825 
3,090 
2,500 
1,030 
2,010 
5,310 

22,600 

19,800 
9,27~ 

6,300 
5,680 

930 
1,240 

30,960 
1,190 
2,500 

2,000 
~,900 

1,850 

25,000 

45,850 
12,400 

3,610 

3,090 
2',500 
1,030 
2,010 

16,500 
19,800 

9,275 

4,120 

1,190 
2,500 
2,100 
2,000 
1,900 

211,820 132,355 

750,000' 

45,850 
12,400 

3,610 

3,090 
2;500 
1,030 
2,010 

19,800 
9,275 

1,240 
30.960 
1,190 
2;500 

~.ooo 
1~900 

i,850 

25,000 

146,185 
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Gibbs SHill. Inc. 
.108 NO. ll-2772-001

0
ESCR.l00 MW SOLAR PLANT ENGINEEIIS.OESIGNERS.CONSTRUCTORS. EST. BY-'"'-A.l:..:c."---~--PAGE NO._.:z.___ __ _ 

NllW YORK 
CHKO. BY------ SHEET NO.-- OF--

CLIENT __ MM_S_H_F_P __ LOCATION BARSTOW~ CALIF E·s TIM ATE DATE J·t~ .,., APPROVED"BY------

COST PER UNIT COST 

LABOR· ~ATERIAU; ITEM OR TOTAL SUB-

ACCT. NO. DESCRIPTION - QUANTITY UNIT IIIAT'L·, S SUBC, S WH'S S/HR a.tH'S I EXPENSES -CONTRACTS LABOR TOTAL. 

5610 Fuel Oil Supply System ' 

5611 :Fuel Oil Storage 

625,000 Gal Cap 55diaxl6'H 2 EA 12500( 250000 
: 

In-House Data 

5612 Fuel Oil Pump House 20 1 x25' 500 SF 50 25000 
. 

s6i2 Fuel Oil Preparation &Feed 

Fuel Oil P_1,1mps 70 G?M w/5!! 2 EA 2000 75 17.50 150 4000 2600 

t...o Motor 
I Fuel Oil Transfer Pumps 2 EA 4000 150 17.50 300 8000 5300 00 

1-' 
140 GPM w/10 HP Motor 
Fuel Oil Heat ExchangE;!r 1000

1 
1 EA 25000 150 17.50 150 ~25000 2600 

5611 Fuel Oil Oav Tank 1 EA ... 60000 60000 
100,000 Gal, In-House Data 

' 

' 
5612 Piping Valves Fttgs,9.Jpport 1 rm 17.50 1500 20000 26300 

& 01.1 Heaters -· _ _, -
F-RH. 2-79 

-rttl~_ ~1../IJ 1.1~0 ~7100 llS:•" 1llo• r.Aseoo 

F--81~. 2-79 
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DAI>C!R 

CODE POSITION DESCRIPTION Unlt Quantity II (llours )· M (Mat 11)$ L (Labor) 1'otal $ 

1 2 3 '• 5 6 7 8 9H ll 12 TOTAL CARRIED FORWARD 7'1•' •'• - . 
LARGE BORE 3" + UP ~':'...'.> ,;.• .f Z·l(. I O-!$ 7 3 4-
SMAI.L BORE 2'2" + DOWN '1 t,!7o 
CON'fHOL &'SI\Ft::TY VALVES I 0 --

I-- - 1- -I-!--
c ,I BELOW GRAD~' PIPING - --

. -

~ s STE/\M TRACING - -
1- -- -I-

SUD-TOT AT, ~-~I~ I t)~t, .'\ "'\ 'i· 

1·- -
~ - i- t-<:-

£. ~ MISC. //,40 </I 11. .r - 1- -I-1- -
-I- -- -- _:_ 1-1-~-c I~ SPECIALS - -- - -·t-- - - - -· - 1- - >-

t- ·-- - -· -- ---1-
S(ID-TGTAL .5'/s~ /)0 ~4? - --1- - - -I- - - -

c ·- 1- -
II 111\NGERS & SUPPORTS ?t>.'o: s z 1 2.00 - I- - - 1- !- -- - --

c - -f-1- ·--~- s- TESTING 3tto -, __ - -- -
lc - 1- 1- - -- T- -f-

(, Ut~LOAD & STORf.GE HI-NDLE .> 0 s- -- 7' - ·-- --1- -
c- ·- - -- - ·- r- -- REtv~RX ...,. 

2 I 'f' -- 1- ,_ - - 1- -·- 1- . 
- 1- -- -- - -· 1- --
!..:. ~ ·-- ·- -- - - - 1- ·-t-- ....&:I~Y &--B'ffU:lS !T-fffirrt P.VJ:.: 14 0 3~co 

-- - - ·- -- - - -
L !._: 1- -- - f--·. - ..Jifi:Cli\L CLEII.NJNr. f. PTC'KLTNC' 

- - --- - -t- -- -I- -
£. \v 

1-1- ---~ 1-
FRJ-:JCIIT "/~00 

- - 1-1- -
1~ ro JOD FACTOR ?uuD ?2~0 -- -

1--- - - 1- - --1- --- . TOTAL SLI~ET I I Z.'5 0 I 'I I t4-? ~~~ /~0 

TOTAL ACCOUNT I 91 ZoO 183 zoo ~7-1-l..ov 
' OIREC:T 

SUIICONT.1ACT 

/J;A-t..ii..,; Al,.J!--?I)f 

"C 11 ACCOUNT SUHZ.fARY SII~E'f 

Cllent 

t?' I?~· I ~3 ''1=-=-l 
Est. No. E £.. ')•J/ 

Plar•· _.-: .:-1' .... ,~:;. t/(NJ ,..;' ' .;) 

Sub~ .. ~t c -tt:_<l (. (. 'f " 6"~1..0 Page )_I_ of~ 



BADGER. 

MISCELLANEOUS C~CULATION 

WGT .• 

SUB TOTAL -

DESICN OEVELOI"~$tlT zo% 

TAKE-OP'P' !'ACTOR' N%. 

O.ISHA + QUilT/tTY CONTROL FACTOR :> ;: 
.. 

MlSC.: PlD!P PIPING, VEN'l'S, 2. •!, 
OAAINS, NII:'PLES, ETC. 

FIELD DETAILER 
... I 

WELDER QUALIFICATION 
.. 

' 
I • .. 

f{'jp: ( ,..-;(. 

BOLTS & GASKETS /~.> 

END PROTECTORS 

SPOOLS 

/a.I:'OOL 

.. 
.-

,4/M-[i..v ~~tct7A 
-A~Gr?f s'2o 

. ! 

I 

I 
I 

I 

I. 
I 
i 
I 
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' I 
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-
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.Z. I 77~ 
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•' 
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JARgER 

SU~.~RY SHEET CALCULATIO~S 

l WGT. ! .:tl\NHOURS AATERIAL S 

I· -= 
HANGERS . & St.i'PPORTS I 

"· ~ \ OF SUB-TOTAL + MISC. + ~.'14 WIZ:.MM. I. 2tJ8t :!t'l z 00 

M~·. -1f ~ 14- ""'~ I 
@. MH 0 S/TON I 

I ! 
SHOP PAINTING I I -

I 
I 

COLOR BANDitiG I 
I 

FREIGHT I I 7 ~·oo 

I 
..,.. i: I. 

FIELD x.:.RAY 41··~··,,. j i l~o 38ot:> 't. 

'• IJ'" '0 h a. 

I. I i i )· )' .. ; • •• ' 
lo 

1: 
I . ! 

STRESS RELIEVE i I I 
I j'" 

I . t 
PICKLING . I i ! 

I. 
r .. 
I 

~i. 
I 

TESTING· sr M,.,., s 'I '5'~ ·3oo. · I ~ 

! 

STEA!"~ TRACING 

UNLOAD & STORAGE HANDLING 7 r. . .I 1. , ...' I ·J,.;, 
---__,.__,.__,.__,.__,.--,-__,.--:-__,._;_..;.:':;....::5!..T .....::::;~..:.:.:.~ .. __,.--:-__,.__, ___ ;-_ _:::,:::v_:~~___!------·-· _ ··-

·. I 

REWORK 

A/~PN /Jk,i-i1A. 
~7#.,5"&,~() 

I bouel Date I B~ 
1 

Chkd I I )ht(>J :·~~ 
- . . . ·. 

J-85 

Est. No. ¢"I. )9/ 

Acct./She.et ~ __i of ( . -
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WEIGHT IIIATERIAL F A6. LABOR COST FIELD Ill 14 

QUANTITY SIZE DESCRIPTION UNIT TOTAL UNIT TOTAL UNIT TOTAL UI'IIT I TOTAL 
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JOB NO. 
11-2772-001 o::sc'l.lOO r-1\' SOLAR PLANT 

CLIENT __ MM __ S_H_P_P ___ LOCATION BARSTOW I CALIF 

I TEl< OR 
ACCT. NO. DESCRIPTIO~ QU.C\NTITY 

58'U 1-N :Yf>t.AIM£'1vfr 4-MI) Cn.'171-''-

"'t e. 71J/'.>u.;.:. I 

:1-l'- f!.nJilult- f3 D kTI..IJ5 I 

:ztc Cnv1'1ltTo- VAn.:/1:1 I 

c.... 
I 

I-' 
=h1'!k.. 4/c..~l--1 0 

t.J 

--
-- ., -n~ .. t;BU> 
-----·-·- ------

- ... 

-·----·--

---·--- -------

--·-- ---
-

F-.~,'~- 7-70 

. Gibbs SHill. Inc. 
ENGINEERS. DESIGNERS. CONSTRUCTORS 

N&W YORK 

ESTIMATE 

COST PER LNIT 

LABOR 

UNIT WAT'L, S SUBC, S WH'S S/HR 

' 

t.cr 11' ;& 

Lfl n.5b 

1..()"/ 1'1. 9 

----

~ 

: 

EST. BY--~~~~~G _________ PAGENO.~I~L~-----

CHKD. BY------------ SHEET NO.-- OF-

DATE 51'1- ..,., 'I APPROVED BY ____________ _ 

COST 

~ATERJALS TOTAL SUB= 
IAH'S EXPENSES CONTRACTS LABOR TOTAL 

~~~1) 7-S'o~ 81 5bo II L, )ltl 

/£.. Sh V:)JofV U815b q., II 1~ 

l-!:.""n /IFG .~ <13 1'Si i'H 1Sb 

~~ ll~. 3fb,c=N n~010. 

_,ooJ·~ I ~~0~.; /O.IIflOJH 

--

I -- j 

---



Gibbs SHill, Inc. 
JOB NO. 11-2 7 7.2-0 0 1 OESCR. 10 0 MW SOLAR PLANTENGINEERS. DESIGNERS. CONSTRUCTORS 

NI.W YORK 

CLIENT---....:.l>.=1M..::.:S:..;H:..::.;P:....P;:.__LOCATION BARSTOW, CALIF ESTIMATE 

COST PER UNIT 
L.ABOR 

ITEM OR 
ACCT. NO. DESCRIPTION QUANTITY UNIT UAT'L• S susc. $ MH'S 

5830 Feed Heating & Condensing 
System 

Condenser - One Pass 45000 F 
with 3/4" dia. 18 BWG Wall 

Muntz Metal Tube Sheets & 1 EA ~90000. 
Admiralty Tubes 
Condenser $300000 

Tubes $2x45000SF 90000 

<.... Quote: Marley $390000 
I 40' 240' 1- X 

c 
v.: 

:Condensate Makeup 
. ,------ ----· ·, 

Pumps 2 EJ\. 7000 150 
--· 

L.P. Feedwater Heaters ----- -· ---
#1 160 SF 1 21000 
#2 3400 l 85000 ------ -
#3 3000 l 75000 

H.P. Ditto 

#5 850 l 27000 

#6 2550 l 81000 
·- .. 

----
-#7 6200 90000 

In-House Data .. 

F-R.'~ 7-7Q I 

EST. BY--~A~lc~--------PAGENO.~fo~-------

CHKD. BY-------- SHEET NO.-- OF---
DATE "6 · ~ '"> ·"l ~ APPROVED ·sy _______ _ 

COST 

TOTAL. ~ATERIALS SUB-
$/HR UH'S EXPENSES CONTRACTS L.ABOR TOTAL. 

6000 )90000 

-
300 14000 

--
75 21000 

200 85000 
150 75000 

100 27000 

200 81000 

350 1190000 

7375 a8JOOO .. 

--



Gi!'c~~c:; 8 t--,i!!, Inc. 
ll-::7 72-001 ·10 0 M'tJ SOLAR ?LA~;:T ~NG ;;;;~;;~~(s~-G~ERS. CONSTRUCORS 

.3 >-;0. -----·---- !JF.:SCF.. -----------
NIEW YORK 

Hl-{Sl!PP EST!.Y.ATE · IC-•T __ _ 

~...---- ~~----·,.:- ----- ! COST P£R UtltT 

OUANTiT.,I 

·1-·--· I 
LA non 

M Cit 
MJ\T'"L. S t •· r:o. n i.: ~ c: n : ? T : 0 :.1 U:-J'T Si..li!C.S lA II'S S/IIR 

~ Deac:-ator 100 f!sis_ D-=siqr. 1 EA 9000 -
S J~_q_!In-Ho~se I I 

Data ·- - -· r---I I 

Boiler Feed Pumps -t 
i ---- --------- ----+----· 

1100 1800 I ' i GPM HP Motor 3 EA 200000 525 ----- :ln=Y!ouse-Data 

---
Condensate Pu~ 

740 GPM 125 HP Motor 3 EA 1500( 200 

In-House Data 
- '-< j 

I 

' t-' - 0 ..,.. Condenser Vacuum. Pum? 2 EA 9000( 350 -
600 ACFM w/30 HP Mote:::-

In-House Date: 
·-· ---· 

----

H ___ _J_ ---- I Tot a:.. from Previous -3heet I 

I --~ I i --- -- ·r·--· 

! ! 17 . .50 

Piping,F.ittin::js,Valv~ I 
I 

Supports & In~.ula tion 1 +~~ 17 .. 5-J --···-

--
TOTAL 

EST. BY-.:...;"·::..::
1 c.=------- PAGE NO • ....;1:....:1----,--

CHKD. •BY------- SHEET NO.-- OF--

DATE "· '- 7
• ·1 t1 APPROVED DY------­

fN•8·?o·"'l<f 

COST 

T::>'7AL AATE:RIALS SUR· 
JIU·.'S f:XPCMSCS CONTRACTS LADOA TOT'<L 

E-50 90000 I 

1575 60000Q 

' 

' 
600 : 45000 

: 

j00 ; 180000 

J 
I 

. -
35 25 ' 915000 

1~ .8..8.JJ1.0_Q 
1G900 1798000 191000 198900 

I 7770 364000 3110 00 675000 

-

0 

213t.70o '216200 502000 266400 0 



JOB NO. 11-2772-001 OESCR.100 Mi 00IAR PTl\NT 

CLIENT_..:.MM_S_H_P_P ___ LOCATION BARSTOW, CAT.IF 

... 
IT.EWOR 

AC•::T.NO, DESCRIPTION QUANTITY 

5840 Water Treatment Incl. 1 

Piping 

In-House Data 

ec~e>.a~ Stla' ';;JtU£ d 'Irm~M>G" I 
~~ 

'1lt1'tK IYfr~ S'Btfo 

I 

.. 

F-815. '1·79 

Gtibbe 8 Hill, Inc. 
fNGINUfiS. DESIGNERS. CONSTRUCTORS 

NaW YORK 

ESTIMATE 

COST PER UNIT 

LABOR 

UNIT WAT'L. I suec. s WH'S 1/HR 

LOT 17.50 

14( 17.5'b 

: 

f 

EST. ew·-..!:11~l.5;oc, _____ PAGE NO • ..:1..:2..~---

CHKD. BY------ SHEET NO.-- OF-· 

DATE <i,·l.'!.•,'l APPROVEO'BY------

' 
COST 

~ATERJAU TOTAL sue-
WH'S EX!'ENSES CONTRACTS LABOR TOTAL 

10000 fsopoC' 175000 5t-~c.,. 

1/1-fK 19,U1JO 7~fl1C l:J4/Ift 

l'fJ-9) ·~., lfP l~.cWO ~~.P'O 

'· 

! 



G5tbb:z: B l=9iD!. Inc. 
11-2772-001 100 Mt'i' SOLAR PL1\t1T ~EER~. ~-~A~. c~~TRUCTOR~ 

•B .NO.-------- DE~ CR. ----------

.IENT __ MM_S_H_P_P ___ LO:::ATION BARSTOW I CALIF 

~M OR 
:T. NO. '. nr.SCrt!PTION 

5850 Cooling TO'Vler System 

Cooling Tower-Mech. Draft 
----f 

----t Nooj Constru=tion 5 cells 

QUA.NTIT'' U:-IIT 

N£W YORK 

ESTIMATE 

COST PCR 'UNIT 

LABOR 

M ;'r'L, $ '5UI3C, $ Mil'S 

EST. BY-...J(!t!.:.l:...:c'------ PAGE NO. ~1 }::.__ __ _ 

CHKO. BY-------SHEET NO.--: OF--
', 

DATE ';;·1..,.•'77 APPROVED BY----~--

/ 

COST 

TOTAL AIITI:RIALS SUB· 
$/Hn ·~H'S E:Xri:NSI:5 CONTRACTS 

---f·~_a_~:J at 40' >: 40' X 3~-t--~·l"'-j'--="E!.!A'---·'·---f-'9<--'0><.:0~0,_0,_1('4----+----+----ll----+'9~01,0,_,0,_,10ul0yi------<I-----
73,JOO GPM 160 BHP/Cell ; 

---
----t Quote Mar ley F &E $900"','-c_o_o_~----+-----~----t-----1----t----+----ll----t------'-+-----+----

: I 
Concrete Basin Incl. Earth - ~ ~~------------.~--------~-----+------~---~---,_ ____ t-----T-----It-----t-----+-----+----

~ Work Floor 40 x 200 = 8000 -c,-
~ Walls 2(40 x 200)8= 3840 

11840 
~ 1.5 = 17760/27 = 657 660 :! CY 120 12 7920 79200 

400 11.60000 

·.CARRIED FORWARD 17.50 10020 423200900000 175350 1498556 



Gfbb~ S Hiflo Inc. 
G"T"'t'::- r--~7.::£ w 

B:NO. 11-2772-001 DESCR. 100 MW SOLAR PLANT ENGINEERS,OESIGNERS.CONSTAUCTORS 

NEW YORK 

.IE.NT 
·MMSHPP 

LOCATION 
BARSTOW, CA . ESTIMATE 

COST PER UNIT 

LABOR 

TEM OR 
:CT. NC. DESCRIPTION QUANTITY UNIT MA.T'L. S SUBC.S loiH'S S/HR 

S"'>o BROUGHT FORWARD 

-~~t) 
CIRCULATING WATER PIPE 

54" Dia. 200' RUN INCL. 
VALVSS, EXPANSION JOINTS 400 LF 17.50 

~-- ------
AND EARTH WORK 

PIP.ING,VALVES, FITTINGS 

&_ SUPPORTS 1 LOT 

- c.., 
I TO~TAL A/C 58 50 - ..... 

0 

" -

. , 
---

! --r--
I 

.. 

-
--. .. 

125.-3·75 I 

EST. BY _ _.:,fl..;_l C.;;_ ____ PAGE NO. _ 1_4-___ _ 

CHKD. BY _______ SHEE~-~O. __ OF __ 

DATE 'r.. t"' -'l q 
e~v. B · ~o .-,q 

I COST 

TOTAL MATERIALS SUB-
loiH'S EXPENSES CONTRACTS LABOR TOTAL 

10020 423200 900000 175350 1498550 

2700 45000 47250 92250 

7430 20000 130000 250000 

( 200) (600) (800) 

20150 588000 900000 352000 840000 

.. 

I 

-



Gibbs S Hill, Inc. 
11-2 7 7 2-0 01 10 0 ~!'"tl ~GLAR PLPJJT ENGINE:RS. DESIGNERS. CONSTRUCTORS _:oe NO.---- .... ------ Df.SCR. -·------ EST. 8( A~c.. PAGE NO.~'~{ ___ _ 

NI[W YORK 
CHKD. BY------- SHEET NO.-- OF--

Mi"lS!!PP BAPSTOW I CAl, IF 
CLiENT------. -------L:>CA'rt()N DATE 'i.. ~ "\ .-. i APPROVED llY ______ _ 

------,---------------~----r----r----~--------------------~---,r-----------------------f-----r LABOR 

COST PEA L•NIT COST 

ITEM Of< TOTAL f,IATERIALS SUB-

.A_c·_c_-r._N_•o_.~+---------u-L-'S-~I~O--N------~~Ol-'A_N_T_I--~y~-IJ-N-IT--~M-~-T-'L_._s~~--S!-JB_C_,_$~--M-H'-S--r---''-•lf_R __ +--'-IH-'S--~-C-XP_F_:N_s_ES1-C-O-N-Tf-lA_C_T_sT-_L_A_B_O_R __ r-_T_O_T-AL--

Elec;trica1 

Su~nary By Accounts 
I -----t-- -------·-------:-----+---+----1- ---lr----;-----t-----;----t-----+-----1----+----

---·--- -----·---.. ----------+----1----t----+----+-----t-------l-----IJ----t------- -----t----
5861 Switchgear 3300 634000 

·--------------~-----+----
2660 83000 

-------~-------,A'/nc~s~sbr------~--t---t---t---t---~1~6~.~5~s-i~5~9~6~0~i~7~1~7o~o~o~======~~9~9~o~o~o~8~1?6~o~o~o= 

5862 · Station Service Equipment 16 .. 55 2680 i 330000 44000 t!_74000 ---·--

~ ------+---------------+-~-~-t----f---+---_, ___ ~-----r---ir---t-----r----1r----
~ 5863 Protective Equipment 16.55 SJRO 'i2RlOOO 89000 1370000 
0 

~----~-----------·------~---4---i------·-~--~---l---~-4---~---t-----+------r--­
Power Wirin~E~1~e~c~t~r~1~·~~a~1~~--~--~-----+---+----~1~6~~~i~~r~1t;~~;n~l·n~ln~!~l~wu~nluwnnn~-------r~~;~q'u~iunlunlu_n~ll~l~4t,~~;,n~nn~ 
Structures & Wiring 

5864 

-------------r----~----1r-----------~----~-------~----~-----4-------r------T-----­Container 

--------~--------------------------;-------tr-----.~-------+-----1------+-------r-----~r------r-------r-------r------
l 

---------+------------------------------4------+-----~,------+------+-------r-------r------;-------+--------r-------;--------

F-Rl~. 1-7Q 



I 

Bibbs SHill, Inc. 
JOB NO. ll-2772-001 DESCR. 100 MW SOLAR PLANT ENGINEERS. DESIGNERS. CONSTRUCTORS 

Ntw YoR~ 

CLIENT ___ MM_S_H_P_P __ .LOCATION BARSTOW, CALIF ESTIMATE 

COST PE:R UNIT 

LABOR 
ITE:WOR 

ACCT. NO. DESCRIPTION QUANTITY UNIT WAT'L, S SUBC, S W~i'S 

Electrical 

Generator Step Up Power 
Transformer 3 PH 125 MVA. l EA 450000 1500 

Unit .Auxiliary Transfonr.er:s l EA 52000 500 
3 PH 

Unit .Auxiliary Transfonrer: l EA 52000 500 
3 PH 

General Auxiliary 1 EA 8000( 800 
Transformer 3 PH 

Total - Above A/C 5861 

: 

I 
I 

I 

I 

F...R:O" J.1o 

EST. EY-..!.P:.c:.1.::."------PAGE NO.-I_I. ___ _ 

CHKD. BY------ SHEET NO.-- OF--

DATE "r>·•'!:.-7, APPROVEo·ay ______ _ 

COST 

TOTAL >AATE:RIAL.S SUB-
$/HR WH'S E:XPE:HSE:S CONTRACTS LABOR TOTAL 

1500 !150000 

500 52000 

500 52000 

800 80000 

3300 p34000 



Gibbs SHill, Inc. 
11-2772-001 100 MW SOLAR PLANT ENGINEERS. DESIGNERS. CONSTRUCTORS 

JOBNO.--------------DE5CR. --------------------

MMSHPP BARSTOW, CALIF 
CLIENT--------LOCATION----------'-------

.I 
ITEM c.· 

ACCT. NC... I DESCF.IPTION QUANTITY -· 
l 

Electrical. 

5861 Isola-ted Phase Bus 
KV 110 KV BIL 4500A 300 

5861 w/supports (from Gen to 

100 MVA} Transformer 
100' X 3 = 300' -

5861 Dit~o 1200A !From 100 MVA 80 
Tra1s. to 1\ux. rransf TIA & Tm ADJUSir 

c... 
I 

1-' 
1-' 
0 

A./C 5861 

5863 Generator Neutral Grounding 
Equ1pment 

5863 Generator Potential Trans. 
---j!--

:1 

58~ 1 Surge Protecticn Eq·1ipnent 

-L--
5863 Grounding Resistor 

. 2-

2 

2 

2 ------ !---------- ---· 
-. 

___2ll_2_L_ ...O.i.L...C.ir.c.u.i.t.__B rea k e r T<V 

1200A _KVA 7 
----

=t 
A/C 5863 

-
-

. 
--

F-H}r, 'J./Q f I 

N~W YORK 

ESTIMATE 

COST PER UN!T 

LABOR 

I.; NIT MAl"L, S suec. s I<H'S S/HR 

F'i.' 220 7 

FT• 220 7 
-. 

. 
EA 6600 400 

E,"\ 17000 500 

EA 8900 
---· 

--
EA 3000 40 

·-

EA 30000 500 

I I 
I 

--:-e----t I ! 

EST. s·---~Ac!.l~c _____ PAGE N0.--=..1 -'-------

CHKD. BY------- SHEET NO.--- OF---

DATE' 'i·''>-1 1 APPROVED BY------------

COST 

TOTAL .tATERIAL.S SUB· 
I<H'5 EXPENSES CONTHACTS LABOH TOTAL 

2100 66000 

560 17600 
(600) 

2660 -83000 

800 13200 

1000 34000 
-

INCL. 17800 _J _______ 
!----· 

--·--L 80 6000 
f---·---- -· 

- ----
3500 10000 -------
5380 81000 I 

I 

l 

I - !-----· 
I 
' 



JOB NO. 

Gibbs· B. Hill, Inc. 
11-2 772-00 l.tiESCR. 100 MW SO:.AR PLANT ENGINEERS. DESIGNERS. CONSTRUCTORS 

NIW YORK 

MMSHPP BARSTOW, CALIF 
CLIENT------- LOCATION--------- ESTIMATE 

COST PER UNIT 
LABOR 

ITEU OR 
ACCT. NO. DESCRIPTION QUANTITY UNIT YAT'L.. $ SUBC. S MH'S 

Electrical 

5-362 4.16 KV Switchgear-Indoo~ 

Feeder Circuit Breakers 3 EA 18000 100 

480V Load Center 3 (Incl he Fo low inc ) : 

Inc9ming L1ne Section 3 EA 1200 25 

100.0 KVA Transformer 

c.... 4160 - 4 80 v 3 PH· 3 EA 14000 200 I ... ..... Main Feeder Breaker-1600A 3 EA 11000 50 ..... ..... 
Tie-Breaker 3 EA 11000 50 
Feeder Breaker 15 EA 5000 50 

·-
480V Motor'Control Center 3 EA 14000 135 

.. ADJusrr 

D.C. Equipment 
--·-

Battery Charger, D.C. Pane~ 

Board 1 EA 
A/_C 5862 

Power, Cont. Cable, Trays,. 
------

__21:! 6.:1_. -- _Conduit_,_~~?erground Duct, 1 LOT 

------- _<;?th.¢.t.<::_.P_nttect.ion & Groundinq 
Precipitator - Pwr & Control L.S. -

·------
·-M_C 586~ --

F-H!> J.?Q 

EST. BY-"'""'...:.;'·......_ ____ PAGE NO. --:.I_"(.:._ __ _ 

CHKD. BY------ SHEET NO.-- OF--
DATE ~-1 '!> ·?'j APPROVED BY ______ _ 

r- COST 

TOTAL YATERIALS SUB-
S/HR t.AH'S EXPENSES CONTRACTS LABOR TOTAL. 

300 54000 

75 3600 

600 42000 

150 33000 
150 33000 
750 75000 

405 52000 
-

400 .. 

2'10 18000 
2680 331000 

I 

30000 450000 

- -
6000 100000 

6000 550000 

/ 



Gibbs S Hill. Inc. 
JOB NO_ll-2 772-001 oc:scR. 100 MW SOLAR PLAt;T ENGINEERS. tOE SIGNERS. CONSTRUCORS 

Nt:W YORK 
EST. EY-..:.."..:.".:..'------ PAGE N0.--=1-+-----

CHKD. BY------- SHEET NO.-- OF--

CUENT __ MMS __ · _H_P_P ___ LOC-\TION BARS'IOW, CALIF ESTIMATE DATE ? ·l >,.,, APPROVED IJY-------'--

~-
COST PER Ur.iiT CO:;T 

I ' 
- sus-l LABOH 

liT.M 01: TOTAL :"ATERIALS 
AC'.l. tiO. ~~ t: ~: (" t; J 1- T i. 0 N VUA.NTn··· UNIT '-' n.. 1"1.. $ I · .. uuc. s Mlii"S $/HI·. lt.UI'S CXPt::NSES CONTf<.f,CTS: ;.r.r::•Jn TOTAL 

5870 Air Quality Co-:1trol 1±1 r-_:=t--= =-- i 
----i--- -~---·- -------

-- -_ ------- ----r- -+----Electrostatjc Precipitator 
180,000 CFM 99.5% ~ 

~5()0.00 600~---------·-. ----------------------
___ _] 43'-4" LG X 29'-lOaW X l EA -s4 -,-_,,.rr--· · ------·-- f--·---- ---·- ----:- --:=~g==~---Empty · ;uo,rnro4 · ' I I 

£ 550 1 00{) 
-----·------

-_-=+--=~-
' Bel co Quote I 

1600,000 
-4 ·-- ----·. ----

S/C Labor -

- '--< 
l3 i·17.50 I Fcundation for Above 150 CY 100 1950 g·oo o 3 4 ooo ---

!--' 
- t--' 

N 

--/------ -· --
·---------·---- ----- ----- - I sosw~ lbUUlJUU 34000 '.1199000 

i------ - -- ---------- ----·-!--------· ------

-

--
-- --

- -------

F-10~ J.]Q ! 



c..; 
I 

...... 
1-'· 
\.I.' 

CON;-n RUClK)N COSTS 

5"6 9ol C/1- ·fc#U() flik.i ~ 1c/•11lltli'l-tvl 

I I I 
58~1 til'- h!W) -~ t~Qffl.?L . t, } .. '' ,.;o~ 51•, ')'ll- I, 'lS1, 14• 3,:eiJ., 1.1~ 

5g'fz.. frJLfiL/H:~ bill ~D 1 'it, 31)&> 
/1.;,,;H /vi., c.:.: ?t3,·Jcc 

f4tffl 

.. 
5Bq3 ftp~ ~J.fi>D ,U} 7 ~o,.:cc 3licDG ,os,oo" 

'5fNY- W'Si)U.IMCioii'MlC~ ~ 
{p/), 1ft::>. 'f~:7,'ii!" ~0.:, B,; 

l..S,IlC~ 
~-

5\3'}.{ iJ ~w;~ 11111i:> ;;,u,,N· ii::."X-I~ 51../t,ooc Stlt,oco 

tl 

ta l')k... s-eqo 'l., S I 2,1 cOC 17i ~£\S' 
I 

z.., 5l"J, q bC) ),8~t,78.; 

"'" fo\Jft... f-A"1Ut.Uf 

I 

~------~-~-~.J~.··~~C-· ~L_·~--~~ 
DATE _____ _ 

REVISION NO . ..._. ------ REVISION DATE ______ PAGE NO. ___ ()F __ 

REVISION NO· ------ REVISION DATE _____ _ 



,.: 

.. Lit:N·r ---· 

LOCATION--­
·- - ~ ··----~-----· 

PROJECT . ::;.. _____ 
·--'=' -

AJC 
'ITEM 6 DESCRIPTION ,.0.. OUAN. 

"""""""' .. ·• 

B'l/ On. Ftfl£1> 'nk:r HE'MVt. 

MM'ltlt-•111- ~·-a/v ~~ 

~p ~~o,J 
fiez,D QU-q}o,J 

-rllhJ"fo~o,J 
.. .. 

7b '1Jk., )}ttl.t't.f' ~il .. 
. M~p: 

f.l-l..t. un11 p+!)\. ~~ w~'FI..£1t.. • 
i 

. . -

CONSTRUCTION COSTS 

BY CHKO APVO 

MAN HOURS COST/UNIT COSTS l a 
•JNIT PEA ' I I sue · sua 

UNIT ITOTAL1 RATE LABOR ICONTA.! MATL. L.ABOA CONTRACT MATERIAL TOTAL 

I : ! 
; .. 

; ! 

I, ~tO 1, i»o ·. 
. I· ! I 

r· . 
H3,nte 

l,b31,~ 

'7~, c)T() 

l11oo, aoo 7l-,,n o 1,~"'91,~ '3 I ''h--fj I u 0 

~11,~70 

3,8,1),{,70 

I 

I I 
DAn _______ REViSION NO.------ REVISION OATE _____ PAGE NO. __ Of' __ 

IUVtSION NO, ----- AIEVISIONDATIE ____ _ 



58'11 . TUBING MATERiAL COSTS. ($1000) -
lTEr1 MAT'L WEIGHT COSTS 

M KG (TONS) ($1000) 

ECONotUZER 106C 5.6 (6.2) 11.8 

HRA HALLS .106C 36.3 (40.0) 64.6 

FURNACE 
FLOOR 106C 5.5 (6.1) 11.1 
REAR ~IALL T 12 10.4 (11. 5) 27.9 
SIDE AND FRONT WALLS AND ROOF T 12 27.7 (30 ,5) . 60.9 c... 

I 
I-' 
I-' 

PRIMARY BUNDLE T 12 31.8 (35.0) 67.7 \.11 

SECONDARY BUNDLE 347 31.8 (35.0) 257.4 
. 
. DIVIS.ION WALL 

'- ~ . . 347 4.8 (5.3) 45.0 
•• 0' ' PENDENTS ·.·· 347 . 21.8 (24.0) _202Jl.5 . 

; ~ < ' • 

' TOTAL /4~.':.i 
' ... ·, 

~ . . .. .. 



5~ql ~1ATERIAL COSTS ($1000) 

CODE 00 .• 5891 SALT HEATER 

TUBING(l) . 

PIPING~l) 
!PLATFORMS AND STRUCTURALS· 

SOOT BLOWERS 

DRAINS I VENTS AND VALVES .. 

BURNERS 

~FRACTORY I ltJSULATH~N~ AND SHEATHING'·:. ·. 
HEAT TRACING .-

835.4 
218.0 . 

96.7 

91.0 

87.0 
'69~0 . 
67.0 .. 

50.0 .. 

1¥\NGERS~ BUCK-STAYS~ ETC. 

MISCELLANEOus· 

46.0' 
. _.2l.J.. 

1587.2. 

(l)INCLUDES $86.5 AND $21.9 FOR FINS;, LUGSI WELD WIREI ETC. ... 



ca_;r:Nr ---- ···-----·-.····-----·---------·-~ 
CONSTRUCTION COSTS 

lOCAT!ON ----··-----

P:lOJKr . 
··.-~.-~--~~-.· ~-~~~·:-=~~~-=-:-~------ ·= .. ,==--···-·--··· 
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ll-2772-001 100 M\~ SOLAR PLANT 
JOB NO.----:::-:------ DESCR. 

~'JJSHPP 
CLIENT 

BARSTOW, CALIF 
_____ LOCATION . 

11't.:M Of1. 
ACCT. NO. DESCRIPTION QUANTITY 

! 

5890 Oil Fired Salt Heater 
System 

5893 Heater System Foundations 

Concrete Incl. Ferns, 
Rebar & Earthwork 

3.0': x· 80' X 4 I . 300 
i 

I 
I 

'-< I 
I 

I 1-' 
1-' 
ex: I 

I 
i ' 

I 

... 

.. 
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~ . .... )•, ) 71) .. 

Gibbs S Hill, Inc. 
Et-GINHRS DESIGNERS. CONSTRUCTORS 

Nt:W YORK 

ESTIMATE 

C•JST PEII UNIT 

LABOR 

UNIT .. ~.T'L, $ SUBC, $ Mill'S S/HH 

CY 107 14.6 17.50 
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S'BCf :t APPROXIM.~TE DISTR!t'''TION OF PRODUCl IVE 

S/\L ·1 UEA I ER · 
UNIT . 

ERECT I m1 Mf\NIIUUHS 

BURNERS AND PIPING· 
SOOTBLO'tiERS 
STRUCTUHAL···STEEL AND PLATFORM 
LAGGING AND INSULATION 
TESTING .AND. IUSPECTIONS 
SCAFFOLDING AND CLEANUP 
OPERATING ENGINEER 

SUBTOTAl 

AIR HEATER AND FANS 
AIR HEArER 
FD FAN AND DRIVE: 
FLUES AND DUCTS 

SUBTOTAl 

iNSTRUMENTATION AND cm;TROLS· 
COMBUSTION CONTROLS 
SALT CONlROLS 

SUBTOT/.L 

TOTAL IIOURS 

3L725 
2,750 

870 
2,300 

10,000 
2,850 
3,100 
5,700 -----

59,295 

2,400 
800 

__ 1~-~92_ 
..• . 4,705 

500 
500. -

1,000 

::. ~~ 

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

This appendix contains the cost wor~sheets for the· capital 
cost of the SOO.MWe-18 hours of storage Solar ·Central Receiver 
Hybrid Power Systein, All estimates are in 1979 $., Nth plant 
costs, and ~se Barst~w, CA as ~he pla~t site • 

. K-1 



5000 Plant 

510.0 

5200 

Cost 

Land, 

5110 

5120 

5130 

500 MWe - 18 HOUR STORAGE 

SOLAR CENTRAL RECEIVER HYBRID POWER SYSTEM 

CAPITA~. COST 

General Site Preparation 

Land 

Yard Work (Balance of plant) 

Yard Work (Collec!;or Udds) 

5,818,000 

560,000 

7.214 ,.ooo 

Administrative Areas 

5210 

5220 

5230 

Operations 19,000 

5211 Administration Buildings In 5810 

5212 Control Building In 5810 

5213 Counnunications Equipment 19,000 

Security 

Storage ·and Maintenance 

776 ,000 

1,028,000 

5231 Storage and Maintenance Buildinis 

5232 Tranoportation and Lifting E~ulvwt!nt 

5233 Miscellaneous Equipment l 
5300 Collector Subsystem ($80/m2 •R) 

5310 Reflective Unit 

5320 Drivo Unit 

5321 Azimuth or Horizontal Drive 

5322 Elevation or Vertical Drive 

5323 Motors 

5324 Position Indicators or Encoders 

5325 Power Distribution and Emergency Supply 

K-2 

$ 13,592,000 

$ 1,823,000 

$421,814,000 



5330 Control and Instrumentation 

5331 Sensor or Calibration Equipment 

5332 Field Control Electronics 

5333 Contro~ SignalDistribution Equipmeut 

5340 Foundations and Site Prepara·tion 

5350 Heliostat Support and·Protecti~n 

5351 Heliostat Support Structure 

5352 Heliostat Protective Enclosure 

5354 Lightning Protection 

5360 Field Assembly and Checkout 

53~0 Design and Engineering 

5400 Receiver Subsystem 

5410 Receiver Unit 

5411 Absorber Unit 
} 34,682,000 

5412 Support Structure 

5413 Receiver Circulation Equipment 6,711,880 

5414 Instrumentation and Control 1,317,175 

5420 Riser, Downcomer and Horizontal Pi pint 

5421 Vex:tical Piping 6,920,000 

5422 Variable Horizontal 50,000,000 

5430 Working Media Cost 

5431 Working Medta Cost· 6 '9li0 ,000 

42,711,000 

56,920,000 

9,018,000 

5432 Working Meqia Processing Equ~pment 2,078,000 
-. 

5440 Tower· 11,795,000 

K-3 

145 '719 ,000 



5450 Tower Foundation 11,243,000 

5460 Salt/Steam Generator and Related Piping 12 ,8_32 ,oob 

5461 Salt/Steam Generator 4,768,000 

5462 Salt/Steam Circulation Equipment 3,486,000 

5463 Steam/Water Circulation Equipment 4,133,000 

5464 Foufula L: iuulii 453,000 

5470 Design and Engineering 1,200,000 

5500 Master Control Subsystem 1,438,000 

5510 Hardware 688,000 

5520 Hardwar-e Design and Engineering -0-

5530 Software Design, Development, and Tests· 750,000 

5600 Non-Solar Energy Subsyste~ 3,409,000 

5610 Fuel Oil Supply System 1,288,000 

5611 Fuel 011 Storage 807,00C 

5612 Fuel Oil Preparation/Feed 481,00( 

5620 Salt Pipes and Pumps 1,921.000 

5650 Foundations 200,000 

5700 ~nergy Storage Subsystem 77,340,000 

5710 Media Containment Equipment 20,950,000 

.J720 Mt;!dia Circulation Equipment 5,263,000 

5750 Foundations 3,639,000 

5760 Media '•6 ,239,000 

5770 Design and Engineering 1,250,000 

K-4 



5800 Electric Power Generation Subsystem 86 ,·907, 000 

5810 Turbine Building 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 2,715,00Q 

5850 Cooling Tower System 4,820,000 

5860 Electric Plant Equipment .9,796,000 

5861 Switchgear 2,953,000. 

5862 Station Service Equipment 1,354,000 

5863 Protective Equipment 1,340,000 

5864 Power Wiring, Electr.ical Structures, and Wiring 
Containers 4,149,000 

5870 Air Quality Control 4, 340 ,_000 

5890 Oil Fired Salt Heater System 1~,040,00!) 

5891 Oil Fired Salt Heater 

5892 Air Preheater and Forced Draft Fans 

5893 Heater System Foundations 

5894 Instrumentation and Control 

.5895 Dt!sign and Engint!t!rlng 

5900 Indirect Costs 82,557,000 

5910 Indirect Field Construction Costs 

5920 Engineering & Management 

5930 Contingency 

TOTAL $834,600,000 

K-5 
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