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PREFACE

This report is submitted by the‘Energy Systems Group to the

" . Department of Energy under Contract EG-77-C-03-1483 as final documenta-

tion. This Conceptual Design Report summarizes the analyses, design,
planning, and cost efforts performed between October 1, 1977, and
September 1, 1978. The report is submitted in four volumes, as follows:

Volume 1 Executive Summary

Volume II  Book 1, Commercial Plant Conceptual Design
Book 2, Appendices

Volume II1 DeveIopment Plan and Pilot Plant Description

Volume IV Commercial and Pilot Plant Cost Data

ESG-79-2, Vol II, Book 2
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APPENDIX A

~ DESIGN DATA SHEETS AND P&I DRAWING FOR 100-MWe COMMERCIAL
PLANT DESIGN, FOR ALL-SODIUM STORAGE CONCEPT

CONTENTS:
1. Design Data Sheets

2. Piping and Instrument Drawing
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ADVANCED CENTRAL RECEIVER
100 MWe SYSTEM SUMMARY DATA
(Sheet 1 of 2)

Net Electrical Power (MWe)
Parasitic Power (MWe)
Daytime
Nighttime
Insolation (W/m?)
Maximum Solar Power Absorbed (MWt)

Nominal Solar Power Absorbed for Direct
Operating (MWt)

Plant Net Efficiency (%)
Collector Field Configuration
Solar Multiple, Equinox Noon
Number of Heliostats
Heliostat Shape and Size [m (ft)]
Number of Towers/Receivers
Land Area (aére)
Receiver Mid-Point Elevation [m (ft)]
Recaiver Configuration
Number of Receiver Panels
Receiver Height and Diameter [m (ft)]
Receiver Maximum Heat Flux (MN/mz)
Sodium Temperatures [9C (°F)]
Receiver Sodium Flow Rate [kg/hr (1b/hr)]

Steam Generator Sodium Flow Rate
(Direct Operation) [kg/hr (1b/hr)]

100

12
6
350
390
260

22.9
Single 360°, North Biased
1.5
14,100

~Square, 7.38 x 7.42 (24.2 x 24.3)
1
780
174 (571)
External Cylinder
24
16.1 x 16.1 (52.8 x 52.8)
1.53

. 288/593 (550/1100)
3.66 x 106 (8.07 x 109)
2.34 x 106 (5.29 x 106)
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ADVANCED CENTRAL RECEIVER
100 MWe SYSTEM SUMMARY DATA
(Sheet 2 of 2)

Thermal Storage Capacity (MWth) 805
Total Sodium Inventory kg (1b) 7.6 x 108 (16.8 x 10°)
Steam Generator and Reheater Type ' Modular Steam Generator
Steam Conditions [MN/nf, °C (psia, °F)] |
Initial | | 12.51, 538 (1815, 1000)
Reheated . 2.72, 538 (394, 1000)
Steam Flow Rate [kg/hr (1b/hr)] o
Daytime 3.32 x 10° (7.32 x 10°)
Nighttime | 3.15 x 10° (6.95 x 10°)
TSS Sodium Flow Rate [kg/hr (1b/hr)] 2,31 x 10° (5.09 x 106)
Feedwater Temperature [°C (°F)] - 234 (453)
Turbine Back Pressure [MN/me (in. Hg)] 0.007 (2.0)
Heat Rejection [MW (Btu/hr)) ‘
Daytime 158 (540 x 108)
Nighttime 150 (511 x 10°)

ESG-79-2, Vol II, Book 2
A-3




RECEIVER SUBSYSTEM

ESG-79-2, Vol II, Book 2
A-4




S-v
2 Y008 ‘IT LOA °g-6/-953

"mmm
Rockwell Internatonal

DESIGN DATA SHEET

TITLE

PREPARED BY

APPROVED 8Y

Advanced Central Receiver
Receiver Subsystem

NUMBER

PAGE 1 of 14

WBS NO. DATE 5/16/78
ew DESIGN POINT TEN-
REv INO. ITEM T VALUE earrve | Firm REFERENCES AND REMARKS

iReceiver Subsystem
Nominal Thermal Power MWt 260
Maximum Thermal Power MWt 390
Receiver Temperature
- In % (°F) |]288 (550)
- Out ° (°F) |s593 (1100)
Flow Rate - Max Receiver kg/hr (1b/}3.66 x 108
hr) (8.07 x 107)
- Max Steam Generator Kg/hr (1b/]2.34 x 1066
hr) (5.29 x 10°)
Volume of Sodium in Subsystem In® (gals) |341 (90,000)
eight of Sodium in Subsystem kg (1bs) {291,000 (641,0$0)
Pump OQutlet Pressure MN/m2 2.38 (345)
, (psia) _
|[Pump Inlet Pressure MN/m2 0.10 (15)
(psia)
Total Radiation and Convection Loss % 9% at Peak Powpr
12.5% at 50% Ppwer

FORM 706-A REV 2-74




- ONizmirmme== [ DESIGN DATA SHEET | ' _ Hores
e s el
ystem page 2 of 14
‘ WBS NO. oaTe 5/16/78
Rev |NO. ITEM UNITDESIGN POI?/ZLUE Bl . REFERENCES AND REMARKS
' Receiver Subsystem (Cont.)
Steam Generator Units Sodium Side
Superheat - Temp In % (°F) |593 (1100) Tube and Shell Hockey Stick
- Temp Out °% (°F) |462 (864)
m - Power MWt 76.1
. .S Reheat - Temp In % (°F) 593 (1100) Tube and Shell Hockey Stick
‘; - Temp Qut 1% (°F) | 462 (864)
> - Power MWt 35.3 .
ii Evaporator - Temp In 1% (°F) 462 (864) Tube and Shell Hockey Stick
— - Temp Out Oc (°F) | 288 (550)
; - Power MWt 148.6
S Pumps - Number and Type 1 Fixed Speed, Double Suction
: Centrifugal, Single Stage
‘ Receiver - Size and Type Im xm (ft | 16.1 x 16.1 External 24 Panel
' - Ix ft) (53 x 53)
Large Valves, 61 cm (24") Block N ' 2 CS, Riser and Pump Return
61 cm (24") Check _ 1 CS, Riser
46 cm (18") Block ' 1 SS, Downcomer
41 cm (16") Control . 1 . | ss, Superheater Control
20 cm (8") Control , 1 24 ' ' SS, Receiver Panel Control
15 cm (6") Control ‘ o 1 'SS, Reheater Control

FORM 706-A REV 2-74




Atomics Intemetionsl Division TITLE NUMBER
Flockwetmemenons! DESIGN DATA SHEET Advanced Central Receiver
PREPARED BY APPROVED BY Receiver Subsystem
' PAGE 3 of 14
WBS NO. |oaTe 5/16/78
" ‘ DESIGN POINT 1 . 1 v
ev. |NO. ITEM T VALGE amve] fem|  REFERENCES AND REMARKS
Receiver Subsystem (Cont.)
Large Pipe Length, 61 cm (24") m (ft) 305 (1000) cs
46 cm (18") m (ft) 366 (1200) CS and SS
41 cm (16") m (ft) 18 (60) SS
m 20 cm (8") m (ft) 512 (1680). CS and SS
‘c‘a" 15 cm (6") m (ft) 18 (60) SS
@ Receiver Assembly '
D Diameter m (ft) 16.1 (53)
TS Height m (ft) 16.1 (53)
= Receiver Mid-Point Elevation m (ft) 211 (692)
- Receiver Maximum Elevation m (ft) 219 (720)
S ‘Number of Absorber Panels ‘ 24
N |Receiver Weight, Dry
Total Kg (1b) | 275,000 (606,000)
Pressure Parts Kg (1b) 60,200 (132,500)
Total Sodium in Recéiver Kg (1b) 66,400 (146,00D)
IAbsorber Panel
Height m (ft) 16 (53)
Width , m (ft) 2.1 (6.9)
Dry Weight, Pressure Parts v Kg (1b) 1,638 (3,600)
Number of Tubes 110
Tube 0D , ; cm (in.) }1.91 (0.75)
Tube ID ' em (in.) |1.65 (0.65)

FORM 706-A REV 2-74




ONizsmmzmee  [TOESIGN DATA SHEET |7 , NoweER
: Advanced Central Receiver
PREPARED 8Y APPROVED BY ‘|Receiver Subsystem
PAGE 4 of 14
~ |wes no. ‘ DATE 5/16/78
| Rev No. ITEM UNI:’ES'GN Po'?,:LUE arve | FRu | REFERENCES AND REMARKS
Absorber Panel {Cont)
Tube Material | cres 304H
Solar Surface Coating Pyromark v
Panel Insulation cm (in.) | 15.2 (6) : Closed-Pore Fiberglass
m Thermal Expansion em (in.) | 12.7 (5) ' Flexible Tube Bends
‘ﬂ,’n Absokptivity, Minimum 1 0.95 ‘
ES Peak Heat Flux o : Mu/m’ o | 1.37 (0.84)
oD o Eh (Btu/in“-
> = sec : :
& o Outlet Temperature °c (°F) 593 (1100)
= Inlet Temperature % (°F) 288 (550)
g? Maximum Tube Surface Temperature 1% (°r) | 635 (1175)
x Tower Assembly , ,
~ Construction ' S1ip formed concrete
Concrete Height m (ft) 157 (516) '
Diameter - Base m (ft) 24 (80)
- Top m{ft) | 9.1 (30)
Wall Thickness - Base m (ft) 0.46 (1.5)
- Top m (ft) | 0.25 (.83)
Mat - 0D m (ft) 39.6 (130)
-1 L Imft) | 9.1 (30)
- Thickness ' . " m (ft) 3.0 (10)

FORM 706-A REV 2-74
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ONixarrmmeee- | DESIGN DATA SHEET |'™° . "
——4qAdvanced Central Receiver
PREPARED BY APPROVED BY Receiver Subsystem
. . =l . PAGE 5 of 14
WBS NO. _ i DATE 5/16/78
wew 7 ; . “DESIGN POINT TER- CERE
REv. | NO. ITEM T VALUE AT | FIRM REFERENCES AND REMARKS
Riser .
Nominal Pipe 0D cm (in.) | 61 (24)
Nominal Wall Thickness T8D
- ' Material cS
8 Design Temperature 1°C (°r) | 371 (700)
T@' Design Pressure ANSI B31.1 2.76 (400)
~ Maximum Flow Rate kg/hf 3.66_x 10%
s (1b/hr) (8.07 x 10°)
e = Velocity at Maximum Flow Rate .m/sec 4.99 (16.3)
= (ft/sec)
® ‘Downcomer 9
S Nominal Pipe 0D em (in.) | 45.7 (18)
~ Nominal wall thickness . TBD
Material 304H
Design Temperature ’ O (°F) | 593 (1100)
Design Pressure ANSI B31.1 | 2.76 (400)
Maximum Flow Rate ke/hf | 3.66 x 105 \
(Tb/hr) | (8.07 x 10°) :
Velocity at Maximum Flow Rate m/sec 7.45 (24.5)
' (ft/sec)

FORM 706-A REV 2-74




NUMBER

O et oven DESIGN DATA SHEET |-t

Advanced Central Receiver

PREPARED BY APPROVED BY Receiver Subsystem
PAGE 6 of 14
WwBS NO. DATE 5/16/78
v DESIGN POINT N
nev | no. ITEM o VALGE e | FiRN REFERENCES AND REMARKS

Receiver Pump
Physical Description

Quantity 1
m Number of Stages 2
? Height, w/motor m(ft) | 7.6 (25)
i Tank Size m(ft) | 2.3 x 4.2
> . , (7.8 x 14)
L S Inlet Nozzle m (in.) | 0.91 (36)
= Outlet Nozzle m (in.) 0.61 (24)
- Dry Weight Pump kg (1b) | 44,600 (98,30&)
S Motor
~ Size MW (hp) | 3.36 (4,500)
Dimensions w/coupling m (ft) 1.8 x 3.6
i (6 x 11)
Voltage v 4160
Cooling TBD ol
Weight kg (1b) 9,545 (21,009)

FORM 706-A REV 2.74
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A Rockwell Internahonal

DESIGN DATA SHEET

TITLE

PREPARED BY APPROVED BY

Advanced Central Receiver
Receiver Subsystem

NUMBER

PAGE 7 of 14

wBS NO.

DATE 5/16/78

wEW DESIGN POINT TEN-
rev. | NO. ITEM UNIT VALUE ranwe | FIRM REFERENCES AND REMARKS
Pump Operating Conditions
Developed Head m (ft) 251 (824)
| Flow Rate kg/hr 3.66 x 10°
- (1b/hr) (8.07 x 107)
~ Speed rpm 700
Temperature oc (°F) 288 (550)
Sodium Volume m> (gal) | 5.9 (1562)
NPSH m (ft) | 9.1 (30)
Speed Control % "Fixed Speed
Pump Power (7= 78%) - imw (hp) | 3.2 (4,321)
Design Conditions
_Developed Head m (ft) | 257 (844)
Flow Rate m¥s (gpm} 1.3 (20,000)
 Speed rpm 700
Temperature ¢ (°F) 300 (600) ’
NPSH (Minimum Required) m (ft) 9.1 (30)
Code Sect. VIII, Div. 1

FORM 706-A REV 2-74




Atomics International Division TITLE NUMBER
‘l'wmmml DESIGN DATA SHEET Advanced Central Receiver
PREPARED BY APPROVED BY Receiver Subsystem
PAGE g of 14
WBS NO. DATE 5/16/78
Rev. |NO. ITEM UNI:’ES'GN Po'?,:LUE ranve | FRM REFERENCES AND REMARKS
i\ | Steam Generator - Evaporator
Physical Description
Quantity 1
Type v Tube & Shell Hockey Stick
& Height m (ft) | 29.0 (95)
3 Width m (ft) 4.87 (16)
n Shell diameter m (in.) 1.22 (48)
5: §f Heat Transfer Area m2 (ftz) 1305 (14039)
N~ Number of Tubes , 1100
i: Tube Size em (in.) ]| 1.59 (5/8)
§_ Tube Wall Thickness em (in.) | 0.19 (0.075)
') Material 2-1/4 Cr - 1
Sodium Nozzle OD/Thickness em (in.) | 91/2.5 (36/1.4)
Tubesheet Diameter/Thickness cm {in.) | 122/30.5 (48/32)
Steam Nozzle 0D/Thickness cm (in.) | 201/3.8 (8/1.4)
Weight kg (ton) | 58,000 (64)

FORM 706-A REV 2-74




£1-y
2 %008 ‘II LOA ‘2-6/-953

Rockwell internahonal

DESIGN DATA SHEET

TITLE

PREPARED BY APPROVED BY

Advanced Central Receiver
Receiver Subsystem

NUMBER

PAGE 9 of 14

WBS NO. DATE 5/16/78
ew DESIGN POINT TEN- )
rev. | NO. ITEM ONIT VALUE anve | Fen [ REFERENCES AND REMARKS
Operating Conditions
Sodium Side:
Flow kg/hr 2.34 x 1056
(1b/hr) (5.29 x 10")
Inlet Temperature °c (°F) 462 (864)
Outlet Temperature % (°F) 288 (500)
Pressure Drop MN/m2 0.207 (30)
Duty MWt 148.6
Water/Steam:
Flow kg/hr 3.32 x 10%
(b/hr) | (7.32 x 10°)
Inlet Temperature O (°r) | 234 (453)
Outlet Temperature Oc (°F) | 341 (646)
Pressure Mn/me) | 15.06 (2185)
Pressure Drop MN/m° 2.07 (300)
~(psi)
Design Conditions:
Pressure-Sodium Side MN/m° 2.07 (300)
(psig).
Pressure-Steam Side MN/he? | 16.55 (2400)
(psig)
Temperature O (°F) | 482 (900)
Code ASME Section VIII, Div. 1

FORM 706-A REV 2-74
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‘ . Atomics international Division
Rockwell International

PREPARED BY

DES|GN DATA SHEET I\g\lfasnced Central Receiver

Receiver Subsystem

APPROVED BY

PAGE 10 of 14

wBs NO. DATE 5/16/78
Rev. |NO.| CITEM Umgesnsu PO"\‘,:LUE Ridgg P REFERENCES AND REMARKS
Steam Generator - Superheater
Physical Description
‘Quantity 1
m Type ' ’ | , Tube & Shell Hockey-Stick
o Height m (ft) 27.7 (91)
@ Width Im (ft) | 4.57 (15)
i Shell Diameter m (in.) | 0.76 (30)
.j: _§, Heat Transfer Area 1 m? (ftz) 402.8 (4334)
= Number of Tubes 283
- Tube Size em (in.) | 1.90 (3/4)
S Tube Wall Thickness cm (in.) | 0.335 (0.132)
n Material SS 316

Sodium Nozzle 0D/Thickness
Tubesheet Diameter/Thickness

Steam Nozzle 0D/Thickness
Weight

cm (in.) | 45.7/2.54

1em (in.) | 20.3/3 (8/1.2

(18/1.0)

cm (in.) | 76.2/20.3
(30/8)

kg (ton) | 20,000 (22)

FORM 706-A REV 2-74
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Advanced Central Receiver
PREPARED 8Y APPROVED BY Receiver Subsystem
, PAGE 11 of 14
w8S NO. DATE 5/16/78
NEW DESIGN POINT TEN- i
aev [no. ITEM T VALUE e | Firm REFERENCES AND REMARKS
Operating Conditions
Sodium Side
Flow kg/hr 1.65 x 10°
(1b/hr) (3.61 x 10°)
a Inlet Temperature % (°F) | 594 (1100)
3 Outlet Temperature O (°F) | 462 (864)
& Pressure Drop y/m® | 0.207 (30)
> < (psi)
5 = Duty (Mut) 76.1
- Water/Steam: , ,
@ Flow kshe | 3.32 x 105
S (1b/hr) (7.32 x 10”)
') Inlet Temperature % (°F) 341 (646)
Outlet Temperature % (°F) | 538 (1000)
Pressure MN/m2 12.96.(1880)
(psig)
Pressure Drop MN/m2 1.77 (256)
(psi)

FORM 706-A REV 2-74
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O it ove DESIGN DATA SHEET |

Advanced Central ReceiVer

NUMBER

PREPARED BY APPROVED BY Receiver Subsystem
‘ : PAGE 12 of 14
wBs NO. DATE 5/16/78
nev Ino. : ITEM Um:Es'GN po":,ILUE oarre | F1RM REFERENCES AND REMARKS
Superheater (Cont.)
Design Conditions:
Pressure-Sodium Side MN/m? 2.07 (300)
(psig)
Pressure-Steam Side mme | 15.2 (2200)
(psig)

Temperature
~ Code
Steam Generator - Reheat
Physical Description
Quantity
Type
Height
Width
Shell Diameter

Heat Transfer Area
Number of Tubes

~ Tube Size
Tube Wall Thickness
Material

% (°F) | 593 (1100)

m (ft) 20.1 (66)
m (ft) 5.49 (18)
m (in.) | 0.81 (32)
me (£t2) | 309.4 (3329)

: 163
cm (in.) ] 3.81 (1-1/2)
cm {in.) { 0.272 (0.107}
SS 316

ASME, Section VIII, Division I

Tube & Shell Hockey-Stick

FORM 706-A REV 2-74
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N izmimmmo= [TDESIGN DATA SHEET

TITLE

Advanced Central Receiver

PREPARED BY ) APPROVED BY Receiver Subsystem
' , PAGE 13 of 14
WBS NO. DATE 5/16/78
wew | ' DESIGN POINT — : ,
Rev. | no. ITEM T VALGE e | | REFERENCES AND REMARKS
Reheat (Cont.)
Physical Description (Cont.)
Sodium Nozzle OD/Thickness cm (in.) | 30.5/1.9
(12/.75) v
Tubesheet Diameter/Thickness cm (in.) | 81.3/12.7 (3245)
Steam Nozzle 0D/Thickness cn (in.) | 16.8/1.5 (6.6{.6)
Weight kg (ton) | 22,000 (24)
Operating Conditions
Sodium Side:
Flow ko/hr | 0.755 x 108
(1b/hr) (1.68 x 107)
Inlet Temperature % (°F) | 594 (1100)
" OQutlet Temperature °C (°F) 462 (864)
Pressure Drop MN/m2 0.207 (30)
(psi)
Duty MWt 35.3
Water/Steam:
Flow kg/hr 2.89 x 10°
(1b/hr) . | (6.36 x 10 )
Inlet Temperature 1% (°F) | 342 (647)
Outlet Temperature Oc (°F) 538‘(1000)
Pressure MN/m2 2.80 (406)
' (psig
Pressure Drop MN/m% 0.15 (22)
- ' (psi) '

FORM 706-A REV 2-74




‘ ' Atomics Internatior..d Division ‘ TITLE NUMBER
l Flockelinernatone! DESIGN DATA SHEET Advanced Central Receiver
PREPARED BY APPROVED BY Receiver Subsystem
PAGE 14 of 14
wWBS NO. DATE 5/16/78
NEW | No. ITEM UNISES'GN POl':l:LUE e | Fiw REFERENCES AND REMARKS
Reheat (Cont.)
Design Conditions: v
Pressure-Sodium Side MN/m2 2.07 (300)
(psig)
Pressure-Steam Side MN/m2 3.65 (530)
(psig)
Temperature oc (°F) 593 (1100)
Code ASME, Section VIII, Division I

81-v
2 joog ‘Il LOA °2-6,-9S3
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ON iz [ pESIGN DATA SHEET |™* nomeEs
o Advanced fentra] Rocetyer —
WBS NO. oate 5/16/78
NEY Ino. ITEM um:ssusn Po"\‘,:LUE varve | FiRM REFERENCES AND REMARKS
Thermal Storage Subsystem

Storage Material Sodium

Number of Tanks 2

Thermal Storage Capacity : MWth 812.5 Includes 62.5 Mih, for Startup
m and Shutdown
‘é’, Maximum Charging Rate MWt 390
T@' Maximum Extraction Rate MWt 250
g Time at Maximum Extraction Rate * hr .3

g § Weight of Sodium in Subsystem kg (1b) Zig.g'}coioﬁ)

= Temperature - Hot Tank Storage Oc (°F) |593 (1100)
g - Cold Tank Storage {°c (°F) {288 (550) '
= Pump - Number and Type 1 Variable Speed, Single Stage
~ : ‘Centrifugal

Large Valves - 46 cm (18 in.) Block 2 €S and SS

- 46 cm (18 in.) Drag 1 SS
Large Pipe Length - 46 cm (18 in.) in (ft) |73 (240) : €S, Standard Wall
- 46 cm (18 in.) in (ft) |107 (350) §S, Standard Wall

FORM 706-A REV 2-74
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Advanced Central Receiver
PREPARED BY APPROVED BY Thermal Storage Subsystem
page 20f 5
W8S NO. oaTte 5/16/78
, DESIG
nev Ino: ITEM - Um: e Po'tzwe e | FIRM REFERENCES AND REMARKS
Low Temperature Sodium Tank
Number ' i v .
Type » ‘ . Cylindrical API Type
Diameter ~ |m (ft) | 30.5 (100) |
o Height m. (ft) 12.3 (41)
@ .
g Wall Thickness ’
W0
o Top cm (in.) | 0.64 (0.25)
> _ Bottom em (in.) | 2.5 (1.0)
o O 3 6y |
- ‘Yolume m” (gal) | 8,700 (2.3 x )
o Tank Material ) : | Carbon Steel
g ~ : ‘ _ |
=2 Insulation, Roof and Walls , em (in.) | 15.2 (6) : Calcium Silicate with Aluminum
N . ) Weather Protection
Base Insulation ' “Im (ft) 1 (3) Perlitic Concrete
Electric Preheat-Temperature kw 274
Maintenance
Low Sodium Temperature o (°F) 288 (550)
Ullage Maintenance Unit
Ullage Pressure 1Pa (psi) |0.0069 (1)
Pressurization Media , ' Argon

FORM 706-A REV 2.74
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PAGE 3 of 5
WwBS NO. paTe 5/16/78
new | oo, _ ITEM UNI:ES'GN PO|?IZLUE oarve | FIRM REFERENCES AND REMARKS
High Temperature Sodium Tank ;

Type | Cylindrical ARI Tyre

Diameter m (ft) 30.5 (100) z

Height m (ft) 13.6 (45)
m Wall Thickness
G Top cm (in.) | 0.64 (0.25)
z Bottom /cm (in.) } 5.1 (2.0)

r = Volume m° (ga1) | 9460 (2.5 x 10P) |
N = Tank Material, Thickness cm (in.) | 0.64 (0.25 - 1 Type 304 sS

— 2.5 (1.0) ,
;,' Insulation, Roof and Walls om (in. 30.5 (12) "1 Calcium Silicate with Aluminum
-3 ’ Weather Protection
: Base Insulation m (ft) 1 (3) Perlitiq| Congrete]

Electric Preheat-Temperature kw ' 540

Maintenance ‘

Number of High. Temperature Tanks ] 1

High Sodium Temperature o (°r) | 593 (1100°F)

_ Ullage Maintenance Unit o Argon

FORM 706-A REV 2-74
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ONizsimezee=  ["DESIGN DATA SHEET
e D Trarmt Seorpe Sbopeten [
W8S NO. , : OATE 5,16/78
wew |- DESIGN POINT — N
| rev. [No. ITEM Iont VALUE Tramve | Fimu REFERENCES AND REMARKS
STEAM GENERATOR PUMP
Physical Description. ‘ .
Quantity ' 1
-Number of Stages . 1
a Height, w/motor m(ft) |7.3 (24)
3 Tank Size Im(ft) | 1.0x 3.6
ro - (3.5 x 12)
r < Inlet Nozzle A fm (in.) Yo.61 (24)
o= Outlet Nozzle Im (in.) [o0.46 (18)
= | ory weight, Pump ke (1b) . | 8,600 (19,000)
g [Motor :
ol Size MW (hp) | o0.56 (750)
~ Dimensions w/coupling m (ft) 1.5 x 3.7
, {5 x 12)
Voltage v 4160
Cooling T8D
Weight kg (1b) | 3860 (8500)

FORM 706-A REV 2.74




 ONimmmmme=- [DESIGN DATA SHEET | o e
PREPARED BY APPROVED BY ngmg?dstt:g%;g] SE?S:;;::I:
i . pace D of 5
wBS NO. DATE 5/16/78
nev |no. 4 ITEM um: ESISN POl?/ZLuE rene | emn REFERENCES AND REMARKS
Pump Operating Conditions ‘
Developed Head m (ft) 76.7 (250)
Flow Rate kg/hr 2.34 x 105
(1b/hr) | (5.29 x 10°)
™ Speed . rpm 1160
S Temperature 1% (°F) | 593 (1100)
3 Sodium Volume 13 (ga1) | 5.7 (1500)
- o NPSH m (ft) 9.1 (30)
'2 S Speed Control % 10-100
- Pump Power (7 = 80%) ‘|mw (hp) }0.53 (706)
- Design Conditions ‘
8 Developed Head m (ft) |76 (250) -
~ Flow Rate |m3/sec | 0.95 (15,000)
: “(gpm)

Speed rpm - 1160

Temperature O (°r) | 593 (1100)

NPSH (Minimum Required) im (ft) 7.6 (25)

Code ; : Section VIII, Div. I

FORM 706-A REV 2-74




i ) E
ON e [ThESIGN DATA SHEET |- : S e
PREPARED BY APPROVED BY
’ PAGE 6
WBS NO. ‘ DATE
p— DESIGN POINT Ten- 1
sEv |no. ITEM onTT VALUE rare | FiRM REFERENCES AND REMARKS
'Drag Valve S
Location Upstream of High Temperature
' ‘ Sodium Storage Tank :
Type ‘ Stacked Disc ‘
G.) B .
§ Size (nominal) “inches |18 I
~ Flow Rate mfsec  1.26 (20,000)
> < : (gpm) v
o S 2
o Pressure Drop n/m 1.74 (253)
= ' (psi)
® Pressure Rating m/m?  |2.75 (400)
o o
S (psi)
o Temperature % (°F) |649 (1200)
Flow Coefficient, C, m/sec/ |.955 (1258)
m/m
(gpm/
Operator , ) . , Yes--Type TBD
Insulation - - in. 8 , ] Calcium Silicate
Material o ' Stainless Steel; Inconel
, ) Velocity Control Elements
Pressure Class ANSI 2500 16 -

FORM 706-A REV 2-74
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O s ot v

DESIGN DATA SHEET |"™¢

PREPARED BY APPROVED BY

ADVANCED CENTRAL RECEIVER
COLLECTOR SUBSYSTEM

NUMBER

PAGE

DATE May 19, 1978

ITEM

REFERENCES AND REMARKS

L2y
2 %008 ‘II [0A ‘2-6L-953

GENERAL

TOTAL FIELD AREA .
(EXCLUDING CENTRAL EXCLUSION)

NUMBER OF HELIOSTATS
TOTAL MIRROR AREA

PEAK POWER @ 950 w/m2

ANNUAL COLLECTABLE ENERGY
TOWER HEIGHT

RECEIVER CENTERLINE ELEVATION
HELIOSTAT ARRANGEMENT

AIM STRATEGY

PEAK RECEIVER HEAT FLUX
CENTRAL EXCLUSION DIAMETER

W8S NO.
DESIGN POINT

UNIT VALUE
106m2 3.06
(108 £t2) }  (32.9)

-- 14,106
105m2 .6916
(106 £t2) | (7.44)

MW 390
MiH 0.935 x 106
m (ft) 159
m (ft) 174

- RADIAL

STAGGER

- 1-POINT

EQUATOR
MW/m2 1.37
m (ft) 1364 (1200)

FORM 706-A REV 2-74




: mm . TITLE ' i ' NUMBER
‘l Rocroah il DESIGN DATA SHEET ADVANCED CENTRAL RECEIVER
, COLLECTOR SUBSYSTEM
PREPARED BY APPROVED 8Y .(]00 Mie SYSTEM) | PAGE 2 of 3
W8S NO. i ’ DATE August 20, 1978
v |NO. - ITEN ' uur?e SIoN Pou;:wE Tew | emu|  REFERENCES AND REMARKS -
HELIOSTAT
REFLECTOR SHAPE - RECTANGULAR
REFLECTOR ENVELOPE n 7.38 x 7.42
(ft) |(24.21 x 24.33)
m
3 MIRROR TYPE SECOND SURFACEH, - )
3 SILVERED
& FUSION/FLOAT
> . LAMINATED
) GLASS
2 -
~ MIRROR AREA n2 (ft2) | 49.05 (528)
§= | AVERAGE REFLECTIVITY 0.91
& DRIVE SYSTEM
ELEVATION DUAL SCREW
JACKS :
3§, 480V ac
AZIMUTH HARMONIC DRIVE
3 9, 480V ac
REFLECTED BEAM ACCURACY : (mr) 2.83
DRIVE RATE |
ELEVATION 0€g/min | 15
AZIMUTH Ded/min | 15

FORM 706-A REV 2-74
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O oot oven DESIGN DATA SHEET

TITLE " ADVANCED CENTRAL RECEIVER
COLLECTOR SUBSYSTEM

NUMBER

DATA NETWORK ==

FIBER OPTICS

PREPARED BY APPROVED BY (100 MWe SYSTEM)
PAGE 3 of 3
wBS NO. DATE August 20, 1978
NEW DESIGN POINT TEN-
aev | NO. ITEM OMIT VALUE vanve | Fimm REFERENCES AND REMARKS
CANT RANGE m (ft) 1190 (3900)
ELECTRICAL DRAW
MOTOR RUNNING (STEADY STATE) amp 1.5
MOTOR START SURGE CURRENT amp 3.0
TIME AVERAGE POWER DRAW WATTS ~ 39
(PER HELIOSTAT INCL ELECTRONICS)
INDIVIDUAL HELIOSTAT AVAILABILITY - 0.9999
FIELD ELECTRONICS
PRIMARY FEEDER POWER VOLTAGE 4160
PRIMARY FEEDER CABLE AWG #4
SECONDARY FEEDER POWER VOLTAGE 480

FORM 706-A REV 2-74
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ONimammmo=- [TDESIGN DATA SHEET | . NORGER
Advanced Central Receiver
PREPARED BY APPROVED BY Electrical Power Generation
Subsystem PAGE 1lof 3
w8S NO. DATE
nev | no. ITEM UN‘:ES'GN PO'?,:LUE raeve | FiRN REFERENCES AND REMARKS

Turbine

Type Tandum Compound, Double-Flow,
Extraction, Condensing Turbine
Rating (kWe) 112,000
Heater Extractions 6
Shaft Speed (rpm): 3,600
Last Stage Bucket Size [cm (in.)] 58.4 (23)
Throttle Flow Control Mode Steam Generator/Turbine
Coordinated Control

Generator
Generator Rating (kVA) 135,000
Power Factor 0.9
Output Voltage (volts) 13,800
Frequency (Hz) 60
Cooling Hydrogen Cooled
Exciter Static Excitation System
Shaft Speed {rpm) 3,600

Condenser
Type Shell and Tube, 2-Pass
Surface [me (ft?)] - 8,365 (90,000)
Tube Material 90-10 Copper-Ni ASTM BIII, Alloy 706
Tube Diameter OD [mm (in.)] 25.4 (1.00)
Tube Wall Thickness, 20 BWG [mm (in.)] 0.89 (0.035)

FORM 706-A REV 2-74




‘l'mmw DESIGN DATA SHEET TIA\le-\;ianced Central Receiver NomeER
PREPARED BY APPROVED BY Electrical Power Generation :
Subsystem PAGE 2 of 3
WBS NO. DATE
e o, ITEM UNI‘?ES'GN PO";ZLUE frimve | ewu REFERENCES AND REMARKS
Condenser (Continued)
Tube Length, Effect [m (ft)] 3.54 (28)
Condenser Pressure [kPa (in.-HgA)] 7.0 (2.0)
Heat Rejection [MW (Btu/hr)] 1.58 (540 x 109)
a Cooling Water Flow [m> (gpm)] 5.9 (93,100)
'3 Water Velocity [m/s (fps)] 2.18 (7.16)
® Cooling Water In [°C (°F)] 28.9 (84.0)
Ts Cooling Water Out [°C (°F)] \ 35.3 (95.6)
LU Condenser Air Removal - Mechanical Yacuum Pump
- (2-full capacity)
@ Cooling Tower
= Quantity 1
it Type Mechanical Draft, Cross Flow
Number of Cells 5
Fan Motor Size [kW (hp)] 5-150 (200)
Design Wet Bulb Temperature [°C (°F)] 23 (74.0)
Cold Water Temperature [°C (°F)] 28.9 (84.0)
Hot Water Temperature [°C (°F)] 35,3 (95.6)
Circulating Water Flow [m3/s (gpm)] 6.1 (96,000)
Heat Rejection [MW (Btu/hr)] 163 (555 x 10°)

FORM 706-A REV 2-74
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‘ ' Atomics international Division TITLE NUMBER
/\ oot DATA .
i DESIGN SHEET Advanced Central Receiver
PREPARED BY APPROVED BY Electrical Power Generation
Subsystem PAGE 3o0f 3
WBS NO. DATE
NEW DESIGN POINT TEN-
rev. [ NO. ITEM ONIT VALUE ranve | FiRm REFERENCES AND REMARKS

Feedwater Heaters
Low Pressure Heater Quantity

Deaerator Quantity

High Pressure Heaters Quantity

Feedwater Treatment

Equipment

- Inline Polishing Demineralizers
- Makeup Water Demineralizers
Chemicals

- pH Control

- Oxygen Scavenger

Horizontal, Stainless Steel
Tubes, Carbon Steel Shell with
Drain Cooler, Maximum Tube Side
Pressure: 2.2 kPa (315 psia)

Stainless Steel Trays and Vent
Condenser, Carbon Steel Shell,
Horizontal Condgnsate Storage
Section [62.5 m” (16,500 gal.)],
Pressure Rating; 0.45 MPa

(65 psia)

Horizontal, Carbon Steel Tubes,
Carbon Steel Shell with Drain
Cooler, Maximum Tube Side Pres-
sure: 20.68 MPa (3,000 psia)

2 Full-Capacity Units
2 Full-Capacity Units

Ammonia

Hydrazine

FORM 706-A REV 2-74
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PNz~ [DESIGN DATA SHeeT | NOVBER
PREPARED BY APPROVED BY MASTER CONTROL (100 M)
PAGE 1
wes NO. OATE 8-21-78
nEw DESIGN POINT TEn-
agy |NO. ITEM UNIT VALUE vaTive | FIRN REFERENCES AND REMARKS
. N [ 1| PLANT CENTRAL CONTROL CONSOLE (1)
LENGTH FT. 25 X
DEPTH FT. 2 X
HEIGHT FT. 4 X
& (2 | CONTROL PROCESSORS (5) ,
THROUGHPUT KOPS/SEC 350 X
PRIMARY STORAGE CAPACITY16BIT WORD$ 48,000 X
R [3 | SECONDARY CONTROL PROCESSOR STORAGE (5)
CAPACITY MEGABITS .25 X
ACCESS TIME MSEC. 35 X
LATENCY MSEC. 15 X
N |4 [ HARDCOPY LOGGER (2)
CHARACTERS PER LINE 132 X
SPEED LINES/MIN 300 X -
N |5 | RECORDERS, MAGNETIC (2)
DENSITY BITS/INCH |  500/800 X
SPEED IN/SEC 45 -
N |6 | SAFING - CONTROL PANEL (1) T8D TBD -
N {7 | SERIAL DIGITAL DATA BUS (2) -
THROUGHPUT KBITS/SEC 1500 X
R |8 | COLOR CRT DISPLAYS (5) . -
; RASTER SCAN NO. LINES| 256 x 512 | X
COLORS NO. 4

FONRM 206-A LYV 2-76



Atomics lnieenational Division T
P s DESIGN DATA SHEET |- NMpER
"PREPARED BY APPROVED BY
MASTER CONTROL (100 M) rr—
WBS NO.. DATE 8-21-78*
DESIGN POINT .
new o, \TEM — VALUE B P REFERENCES AND REMARKS

N |9 | PID CONTROLLERS (100)

MICROPROCESSOR LOOP UPDATE RATE PER SEC. 3 X
' SCALING % 0-100 | X

RESOLUTION BITS 12

OUTPUT MY 4-20

N ,J\O DISCRETE CONTROLLERS (125)

a RESOLUTION BITS 12 X
2 , OUTPUT My 4 - 20
:-: N D1 | ANALOG DATA ACQUISITION (350) X
- NORMAL RATE CHAN/SEC 350
T s EMERGENCY RATE | CHAN/SEC 200,000
& = RESOLUTION BITS 12
= MULTIPLEXING . TYPE SEQUENTIAL
@ N Ji2 | ANALOG OUTPUTS (TBD) TBD TBD X
= N 3 | CLOSED CIRCUIT TELEVISION (4) v X
~ MONITOR SIZE IN 19
CAMERA TBD 8D
“AUTO PAN/TILT DEGREES 90
ZOOM TBD TBD
N )4 | UNINTERRUPTIBLE POWER SOURCE _
10 INPUT VAC 115 + 10%
REGULATED 10 OUTPUT VAC 116 +-2%
STORAGE BATTERY HRS .5
CAPACITY

DERATED POWER KVA TBD

L ONM JO8-A RLY 2-74




TiTe. NUMBER _ ;

O frsimaions oven DESIGN DATA SHEET

SREPARED BV. APPROVED BY MASTER CONTROL ('IOO Mw) v 3
WBS NO. DATE 8-21-78
e DESIGN _POINT en
new Ino. ITEM oNIT VALUE varve | FIRN REFERENCES AND REMARKS
N 5 | TIME OF DAY REFERENCE
INPUT-WWV SYNCH. | HERTZ 1000 X
OUTPUT - TIME OF
DAY BCD FORMAT | BITS 32 X
N 6 | ANNUNCIATOR PANEL FUNCTIONS 25 X
N |17] LOCAL WEATHER STATION WIND MPH 80 X
DEGREES 360
BAROMETRIC PRESSURE IN/HG . 26 - 34
HUMIDITY PERCENT/REL 0 - 100
SOLAR RADIATION 9M/CM2/MIN .36 - 2.0 MICRON{
PRECIPITATION IN 20
TEMPERATURE DEG F -15, +50

LE-Y
2 Y0og “II LOA “2-6.£-953

1 OUM J00-A LV 2.74




N izzimzm=~  ["DESIGN DATA SHEET ["= T NoEER
PREPARED BY APPROVED BY gLElS’SIIYg¥EM E TON
PAGE
v WBS NO. DATE 8.21-78
rev, | NO. ITEM UNISES'GN Pm?/:._ue Ten | emm REFERENCES AND REMARKS
N | 1| VIDEO CAMERA SYSTEM (4)
SELF CONTAINED CAMERA AMBIENT
INCLUDING ENVIRONMENTAL TEMP °C | -20 TO +60
HOUSING AND SYNC GENERATOR WEIGHT
-# 27
VOLUME .34
-M3
. LENS SPEED f2.8
b4 FOCAL © 32 - 320 MM
5; LENGTH Z00M
1
» N [ 2| VIDEO SIGNAL PROCESSING SYSTEM.
> < COMPOSITE VIDEO INPUT, SERIAL DIGITAL
@ S OUTPUT. (4)
= A/D CONVERSION WORD 10
i LENGTH-BIT
8 CONVERSION 32
= TIME-uS
CONTROLLER TBD
LINE DRIVER LEVEL - 0.25
DIFF VOLTS
DISTANCE- 1500
M.
N | 3| TARGET PANELS, TOWER MOUNTED 1/4" STEEL, SIZE - APPROX. . -
PAINTED (4) M. 12 X 12

FORM 706-A REV 2-74
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’l'mmm DESIGN DATA SHEET . “;E:M CHARACTERIZATION .
PREPARED BY APPROVED BY SUBSYSTEM
PAGE 2
WwBS NO. DATE 8-21-78

new - DESIGN POINT TEn-
rev. | NO. ITEM UNIT VALUE ative | FIRM REFERENCES AND REMARKS
N |5 | TARGET INSTRUMENTATION SYSTEM (4)

RADIANCE SENSORS TBD

SHUTTER CONTROLLER TBD

MUX - A/D TBD

1N |6 | DATA LINE - RG-11/U (5)

AVG. LENGTH 1000
M.

FORM 706-A REV 2-74
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ADVANCED CENTRAL RECEIVER BUILDING LAYOUT,
100 MWe COMMERCIAL CONCEPTUAL DESIGN

1215 m OUTER BOUNDARY. TOWER

3
03%&3%%00000
HELIOSTATS —%%0,,

14,104

ASSEMBLY & WAREHOUSE
25m x 26 m (HIGH BAY)

Ix

56m ,
ACCESS N
ROAD

RECEIVER PANEL LAYDOWN AREA
60 m x 100 m FENCED GRAVEL AREA

182m/RADIUS

" ADMINISTRATION"]
1Bmx15m
TWO STORY

700 m

*Roekwellmm
Energy Systems Group

HOT STORAGE TANK
305m¢x13.6m

CONTROL ROOM
. Zmx12m
| O\ TWO STORY

6.5 m ACCESS ROAD

POWER BLDG
20mx30m

SODIUM HEAT TRANSPORT PAD
20mx20m

. COLD STORAGE TANK

_30.5m¢x 123 m

11 m MAIN
ACCESS ROAD




APPENDIX B

DESIGN DATA SHEETS AND P&l DRAWING FOR 100-MWe COMMERCIAL
PLANT DESIGN, FOR AIR-ROCK BED STORAGE CONCEPT

CONTENTS:

1. Design Data Sheets for Air-Rock Storage System

2.  Piping and Instrument Drawing
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TABLE 5-4

Atomics Intemstionel Division TITLE NUMBER
‘l' Rockwellinternational DESIGN DATA SHEET Advanced Central Receiver
PREPARED BY APPROVED BY Thermal Storage Subsystem Design
Data (Air/Rocks Alternative) paGE 1 of 9
WBS NO. | oate
nev | no. ITEM UN:ES'GN PO";ZLUE —Joamve | e REFERENCES AND REMARKS
GENERAL
Thermal Storage Capacity (Muh, ) 812.5% to -
. 3,250
- Maximum Charging Rate (th) 390
w
ﬁ: Maximum Extraction Rate (th) 250
(V)
~ Time at Maximum Extraction Rate (hr) 3.0 to 12.0
ot § STORAGE TYPE Air/Hot Rocks
~ Sensible Heat
:D Input Heat Exchanger Sodium-to-Air
(=]
= Extraction Heat Exchanger Air-to-Sodium
N
Bed Storage Temperature % (°F) 613 (1135)
Temperature AT for Bed Sizing o (°F) 256 (460)
Reduced Power QOperation 0% to 100%

Transient Operation
Time to 10% to 100% or 100% to 10% TBD

Time to 30% charge to 100% extraction
or 100% extraction to 30% charge , TBD

*Includes 62.5 MWht for startup and shutdown

FORM 706-A REV 2-74




Atomics internetional Division TITLE NUMBER
’l'noammmw DESIGN DATA SHEET Advanced Central Receiver
. Thermal Storage Subsystem Design
PREPARED BY APPROVED 8Y Data (Air/Rocks Alternative) PAGE 2 of 9
WBS NO. DATE
DESIGN POINT N
new |16, ITEM — VALGE ravive | FRM REFERENCES AND REMARKS
SUBSYSTEM COMPONENTS
Storage Device
Number 1
a Type Square, Rock
® : Bed
3
s Active length = width [m(ft)] 85, 280
T s | |
w = Height, overall - [m(ft)] 11 (36)
- Volume, Container [mg, ga]sé 0.080, 21.1
g ftoyx 109 2.82
(=]
: Volume, Rock Bed [mg, gals} .043, 12.7
' £t3"x 10-4] 1.50
Mass, Rock Bed [Kg(tons)]| 6.8 x 10
(75,000)
Container - Top Sand and CS
- Bottom Rock
- Wall Earth and
rock
CIHFIDENTIAL PROPRIETARY INFORMATION
OF ROCKWELL INTERNATIONAL CORPORATION

FORM 706-A REV 2-74




TABLE 5-4

Atomics International Division TITLE . NUMBER
‘l‘ Rockwel internanonal DESIGN DATA SHEET |Advanced Central Receiver
. Thermal Storage Subsystem Design
PREPARED BY APPROVED BY Data (Air/Rocks Alternative) PAGE 3 of §
, WwBS NO. ) ‘ DATE
Nev. |NO. ITEM um? ESION Po'uwe e | Fam REFERENCES AND REMARKS
Insulation - Top Sand or soil
- Thickness - m{ft)] {3 (10)
- Walls and Bottdm Rock
2 - Thickness [m(ft)] |1 (3)
[}
3 Temperature - Top of Bed % (°F) | 613 (1135)
N
. - Bottom : Oc (°F) | 357 (675)
s
- :: HEAT EXCHANGER
* Type Finned tube;
g counter flow
=~ sodium-to-air/
n air-to-sodium

Number of Modules ’ 54

Size [m(ft)] Parallelepiped
2.4 x 2.4 x 0.B5
(8 x 8x2.8)

Effective Surface Area [m2(ft)] | 52800
(568000)

Tube 0D cm(in.) |2.60 (1.02)

FORM 706-A REV 2-74




TABLE 5-4

’ Atomics Intemational Division TITLE NUMBER
l'n"c"we"'"'mm' DESIGN DATA SHEET Advanced Central Receiver
PREPARED BY APPROVED BY Thermal Storage Subsystem Design
Data (Air/Rocks Alternative) PAGE 4 of g
WBS NO. DATE
DESIGN POINT y
REv. {NO. ITEM UNIT VALUE ATVE | FIRN ~ REFERENCES AND REMARKS
Wall Thickness mm{in.) 1.24 (0.049)
Material - 9% Cr 1% Mo
Ferritic Steel|
m Fin Height mm(in.) 9.1 (0.36)
[p)
4 Material. 9% Cr 1% Mo
© Ferritic Steel
Fag
® = Fin Thickness mm(in.) 0.61 (0.024)
o —
: Fan
@ Number 54
o
” Type : Vane-axial,
i 2 stage,
Joy Fan Co.
Size - Diameter cm(in.) 152 (60)
Max Air Flow (390 MWt) KG/S (1bs) 1580 (3470)
Nominal Air Flow (250 MWt) KG/S (1bs)] 1010 (2220)
Maximum Fan AP (390 MWt) KPa (psi)] 1.31 (0.19)
Operating Temperature % (°F) | >371 (700)
Maximum for Power (390 MWt) MWe 5.32

FORM 706-A REV 2-74




TABLE 5-4

TITLE NUMBER

Atomics internationsl Division
‘l' Rockwel internshonal DESIGN DATA SHEET | aAdvanced Central Receiver
Thermal Storage Subsystem Design

PREPARED 8Y APPROVED BY

Data (Air/Rocks Alternative) PAGE 5 of §
WBS NO. DATE
DESIG -
New o. ITEM — 138 POI?/ZLUE vanve | FiRm REFERENCES AND REMARKS
Fan Motor
Number 54
m Type ' Variable
%’a , | , speed
P Power (max) kW (hp) | 100 (123)
~N
® = Voltage/Phase 460 V/39
e — Cooling Air cooled,
b ducted motor
§’ Coupling TBD {Either fixed motor speed plus
= coupling; or variable speed motor
o without coupling.)

Mixing Tee 1 See Design Data Sheet

Mixing Tee 2 See Design Data Sheet

FORM 706-A REV 2-74




‘l‘ Atomics Internationsl Division TITLE NUMBER
Rockwell Internahonal P
oo DESIGN DATA SHEET Mixing Tee -1
PREPARED BY APPROVED BY Air/Rock Thermal
Storage System PAGE ¢ f g
WBS NO. DATE
NEw DESIGN POINT N
Rev | NO. ITEM ONIT VALUE B PP REFERENCES AND REMARKS

Mixing Tee -1 (Na)

Location See Remarks Upstream of Steam
Senerators - function with
thermal storage

o, Type Mixing
o
3 Size (Run/Branch) in./in. | 18/10
]
> Wall Thickness in./em | 0.400 (1.02)
P &5
~N = Max Flow Velocity ft/sec 18
< Run Flow/Branch Flow 1b/sec/ | 13457410
4 \ 1b/sec
=2
ro Operating Pressure

Normal ' psi , | 230 (1.6)
(rm/m")
Maximum psi 2 253 (1.7)
(mn/m<) |
Design Pressure psi , 400 (2.7)
(mn/m")

FORM 706-A REV 2-74
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Atomics International Division TITLE NUMBER
ON e DESIGN DATA SHEET | pixing Tee -1
PREPARED BY APPROVED BY Air/Rock Thermal )
: . Storage System PAGE 7 of 10
WBS NO. DATE
Rev |No. ITEM Umfesmu POI:ILUE e | FIRN REFERENCES AND REMARKS
Operating Temperature
‘Normal Hot Leg/Cold Leg °F (°c) |1165/715
(629/379)
Preheat O (°c) |400 (204)
Max imum O (°c) |1165 (629)
Design Temperature Of (°C) 1200 (649)

Insulation

g1b:511

Material (Body/Liner)

éode Classification

Size 0D x Length

in. x ft

Type 304H/304H
Section VIII

in. 8

18 x 15

Division 1

Caleium Silicate

FORM 706-A REV 2-74




; TITLE NUMBER
L\ Freioimooniang DESIGN DATA SHEET Mixing Tee -2
PREPARED BY APPROVED BY Air/Rock Thermal
Storage System PAGE g of g
W8S NO. ' DATE
DESIGN POINT .
new | o, ITEM T VALGE ratve | FiRM REFERENCES AND REMARKS
Mixing Tee -2 (Na)
Location See Remarks Downstream of Steam

Generators - function with
thermal storage

a Type Mixing
[}
i; Size (Run/Branch) in./in. | 18/10
]
> Wall Thickness in./em | 0.125/0.317
T s
© - Max Flow Velocity ft/§ec
o Run Flow/Branch Flow 1b/sec/ | 17557492
g 1b/sec
=
o Operating Pressure

Norma1l psi 2 100 (0.68)
(mn/m®)

Maximum psi 5 125 (0.84)
(mn/m“)

Design Pressure psi 2) 125 (0.84)

{mn/m

FORM 706-A REV 2-74




ONimipzzze==  [TDESIGN DATA SHEET | iixing ee -2 R
PREPARED BY APPROVED BY Air/Rock Thermal
- Storage System PAGE g of 9
wBS NO. DATE
new o, ITEM UNI:_)ES'GN PO"\‘IZLUE eamve | Firm REFERENCES AND REMARKS
Operating Temperature.
Normal Hot Leg/Cold Leg %k (°c) | 715/600
(379/316)
m Preheat OF (°c) |400 (204)
:; Max imum Ok (°c) | 725 (385)
@ Z Design Temperature O (°c) 1750 (399)
5 2 Material (Body/Liner)
5: Code Classification Section VIII Division 1
:3, Insulation in. 5 Calcium Silicate
~ ) Size bD x Length in. x ft |18 x 15
1b:511

FORM 706-A REV 2-74
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APPENDIX C

ELECTRIC POWER GENERATING WATER-STEAM SYSTEM
P&I DRAWING AND EQUIPMENT LIST,
100-MWe COMMERCIAL PLANT DESIGN

CONTENTS:

1. Auxiliary Power Requirements

2. Equipment List

3. Piping and Instrumentation Drawing for the EPG system

» EPGS Process Data List

£ESG-79-2, Vol 11, Book 2
c-1




APPENDIX (€

«
FORM 62.114 JUPERSELES cAce. DATED 2-28-98

RLY. 4.75%
pac__/ °F /
.oate__S/re /70 oy__ 7w

Jop no._ €. 20325

* ¢
customer_ ATormics snre

e CH K

- PrOJCCT. ABVANCED CENTRAL KECEIVER
SUDBJECT f7UX’L'Ar5y__ Pow€ER REQUIREMENTS .

REFEREUCE + 5-R HEAT £ALAncE DAC—010 4fiof7¢ o
MAX. GUAR. LoAaD (TURGNE Rarme) 112,000 kw e 2'HiA
/600 PS516 = /004, /s000"F  THROTICE Flow 731,800 WWyg

[ POrLER FEED puvrmpf ‘ 2100 KW wpPor FO AtoTeR
2. Cowp. MoTwere PorlP /50
3. CrRCuLaTING WATER FrmPS /8 70
Y., Cooc/nts TOMER FINS 850
5. CONDENSER VAcuvar.Pusmp 35
6. GLAND JTEAM Cote&NIER EAHAVITER® 5
7. GENERATOR VAPoR EXTRACTOR . S5
g8 K ;>wp/4¢—7./,7"' CCOLitls WATER PUrMmpP . 20
9 8FARiNG éoo:zuc’,y/ﬂré—"ﬁl Pump 4o
1. INETRUMENT A1R ComPREZSOR 3o
M. SERVICE AR COMPRELIAR . L . 4o
2. RA warer Pomp Y
23, CoOL/n/ts TOVvIER MAKEUP Pumf - 78
M WATER TREATING SISTEMS C(tor) 25
I5.  PLANT HVAC 175
16 misc. Ac. {00
7074¢ Aux. powéER (FPGS) 5540 Kw

YY) oF Gross GMErATION
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EQUIPMENT LIST

(ELECTRICAL POWER GENERATION SUBSYSTEM) JOB NO. _C-20325
PROJECT 100 M¥ Advanced Central Receiver REV./JoATE O/ 8-1-78
CUSTOMER __AI/DOE PAGE__1 oFr 1
PHASE I - CONCEPTUAL DESIGN
EQUIPMENT auanTity | b n DESCRIPTION REMARKS
Turbine - Generator 1 112,000 kW Tandum Compound Double Flow (TC2F), re-

heat, condensing turbine with 58.4 cm (28 in) last

Stage blades, 3600 RPM. 1Inlet Pressure 12.51 MPa

(1815 psia), Iniet Temperature 5380C {10009F), re-

heat temperature 538°C (1000°F). Turbine exhaust

pressure 6.77 kPa (2.0 in. Hg. A). Turbine rating

(max. guar.) 112,000 kW. Max. Expected Output

116,471 K

Generator: 135,000 kVA, 0.90 P.F., 13,800 V.,

€-3
¢ %008 “IT LOA “2-6/-953

Hydrogen Cooled, Static Exciter, 3600 RPM.

Accessories:

Turbine Gland Steam Condenser w/Exhauster

Generator Vapor Extractor

A.C. Lube 0i1 Pump

D.C. Lube 0il1 Pump

Lube 011 Reservoir w/Exhauster

Lube 011 Coolers

Generator Hydrogen Coolers

Electro-Hydraulic Control System
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PROJECT 100 MW Advanced Central Receiver

EQUIPMENT LIST

(ELECTRICAL POWER GENERATION SUBSYSTEM) . JOB NO. C-20325

REV./oATE __0

/8-1-78

CUSTOMER __AI/DOE PAGE__2__OF
PHASE 1 - CONCEPTUAL DESIGN

11

EQUIPMENT

QUANTITY

DESCRIPTION

REMARKS

Condenser

1

8365 m2 (90,000 ft.2) surface condenser,

H.E.I. Std.

2-pass, 25.4 mm (1 in.) 0.D. x 20 BWG, 90-10 Cu-Ni

Tubes x 8.54m (28 ft.) Effective Lenath, 158 MWt

(540 x 10° Btu/hr)

Heat Rejection, 6.77 kPa (2.0 in. Hg A)

|pesian Pressure, 28.9°C (84.0 F) inlet

Water Temperature, 5.9 m3/s (93,100 GPM)

Circulatina Water Flow, 2.18 m/s (7.16 fps)

velocity..

Condenser Vacuum Pumps

0.35 m3/min. (12.5 SCFM) @ 25.4 mm (1 in. HgA)

H.E.I. Std. -

Nash Mechanical Vacuum Pump, 700 RPM, 37 kW (50HP) )

Ea. Full Size

460 V. - 3 Ph. - 60 Hz. motor

Cooling Tower

5-Cell, Mechanical Draft, Cross Flow, 150 kW

C.T.I. Std.

(200 H.P.) Fans, per cell, 163 Mit (555 x 10°

Btu/hr Heat Rejection, 23°C (74°F) Wet Bulb, 5.6°C

-

(10°F) Approac

6.1 m3/s (96,000 GPM) Circ. Water Flow

Circulating Water Pumps

Horizontal, centrifugal, double suction, single

Ea. Half Size

stage, Cast Iron Case, Bronze Impeller, 3.05 m3/s




EQUIPMENT LIST

(ELECTRICAL POWER GENERATION SUBSYSTEM) JOB NO. C-20325
PROJEGT 100 MW Advanced Central Receiver REV./DATE 6 /8-1-18
CUSTOMER __AI/DOE PAGE. 3 oF__1I
PHASE I - CONCEPTUAL DESIGN
EQUIPMENT auanTity | nuhiden DESCRIPTION REMARKS
Circulating Water Pumps (Cont'd) 2 (48,000 GPM) @ 23.2m (76.0 ft.) Head, 930 kW

(1250 HP), 4160 v., 514 RPM Motor

Condensate Hotwell Pumps 2 Vertical Turbine Can Type, Steel can, Ea. Full Size
‘ cast iron bowls, bronze impellers, stainless steel
shaft, 5 stages, 0.10 m3/s (1540 GPM), @ 136m
(446 ft.) Head, 186 kw (250 H.P.), 460 V., 1800

RPM Motor

S-2
¢ %008 ‘I1 [OA ‘2-6/-9S3

Boiler Feed Pumps 2 Horizontal centrifugal, double case barrel - | Ea. Full Size
type, carbon steel outer case, alloy steel inner
case and impellers, stainless steel shaft, 9
stages, 3440 RPM, 0.115m3/s (1825 GPM)

@ 168Im (5515 ft.) head, 80.5% Efficiency, Hy-
draulic coupling . Variable speed drive, 2250 kW
(3000 HP) 4160 V., 3600 RPM Motor

Equipment Cooling Water Pumps 2 Horizontal, centrifugal, double suction, single Ea. Full Size
stage, cast iron case, bronze impeller, 0.015 ﬁ375

(2365 GPM) 8 9.2m(39 ft.) head, 22.5kW (30 H.P.),
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PROJECT 100 MW Advanced Central Recefver REV./DATE 0

EQUIPMENT LIST

(ELECTRICAL POWER GENERATION SUBSYSTEM) C-20325

JOB NO.

CUSTOMER __AI/DOE PAGE__4 OF
PHASE I - CONCEPTUAL DESIGN

/ 8-1-78
n

EQUIPMENT

QUANTITY

“ 1.0,
NUMBER

DESCRIPTION

REMARKS

Equipment Cooling Water Pumps

Cont'd

460 V., 1800 RPM motor

Condensate Transfer Pumps

Horizontal End Suction, Centrifugal, Cast Iron

case, bronze impleller, single stage, 0.019 m3/s

(300 GPM) @ 67m (220 ft.) head, 25 kW (30 H.P.),

460V., 3500 RPM motor.

Low Pressure Heater No. 1

Horizontal, Shell & Tube, Carbon Steel shell,

ASME Code

Stainless Steel Tubes, with drain cooler, 185!1;2

Seet. VIII

(1990 ft.%) surface, 2.2 MPa (315 PSIA) Tube Desig

-| Pressure, (Located in Condenser neck).

Low Pressure Heater No. 2

Horizontal Shell & Tube, Carbon Steel Shell,

ASME Code

Stainless Steel Tubés, with drain cooler, 197m?

Sect. ‘VIII

(2120 ft.z) surface. 2.2 MPa (315 PSIA) Tube
Design Pressure ‘

Deaerator Heater No. 3

Horizontal, Spray-Tray Type with internal stain-

ASME Code

Jess steel vent condenser and trays, 363,000 kg/hr

Sect. VIII

capacity, 0.005 ¢c/liter 0, in Effluent,




EQUIPMENT LIST

(ELECIRICAL POWER GENERATION SUBSYSTEM) JOB NO C-20325
PROJEGT 100 W Advanced Central Receiver REV /DATE 0 / 8-1-78

CUSTOMER __AI/DOE PAGE_5 ___ofF 1
PHASE I - CONCEPTUAL DESIGN

EQUIPMENT auanTity | b o DESCRIPTION REMARKS

Deaerator Heater No. 3, Cont'd ' Horizontal Storage Tank 62.5m3 (16,500 gal.) capa-
city, 0.45 MPa (65 PSIA) Design Pressure.

High Pressure Heater No. 4 1 , Horizontal, shell & tube, carbon steel shell and |ASME Code
' tubes, with desuperheat section and drain cooler - [Sect. VIII
section, 266 m.2(2865 ft.2) surface, 20.7 MPa
(3015 PSIA) Tube Design Pressure.

—

High Pressure Heater No. 5 1 Horizontal, shell & tube, carbon stéel shel} and |ASME Code

) ' tubes, with desuperheat section and drain cooler [Sect. VIII
section, 212 m2 (2280 ft.2) surface, 20.7 MPa
(3015 PSIA) Tube Design Pressure.

¢ 1009 ‘IT LOA “2-6/-953

B _ High Pressure Heater No. 6 1 Horizontal, shell & tube, carbon stee] shell and |ASME Code

v tubes, with desuperheat section and drain cooler [Sect. VIII

Sy section, 293 m? (3150 ft.2) surface, 20.7 MPa
- (3015 PSIA) Tube Design Pressure

ST ""i\w

Condensate Storage Tank 2 378 m3 (100,000 Gal.), Carbon_Steel w/Plasite
Lining 8.5m (28'-0") Dia. x 6.7m x (22'-0") Hi.,
Nt. 24,000 kg (53,000 1b.)
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EQUIPMENT LIST

€-20325

(ELECTRICAL POWER GENERATION SUBSYSTEM) JOB NO.
PROJEGT _ 100 MA Advanced Central Recéiver REV./OATE __0 / 8-1-78
CUSTOMER ___AI/DOE paGE_5 oF U
PHASE I - CONCEPTUAL DESIGN
EQUIPMENT QUANTITY ,w';,%'“ DESCRIPTION REMARKS
Turbine Lube 0i1 Filter Set 1 Cartridge Type, Dual Filter Pump Set 0.057 m3/min.
(156PM). Gear Pump 0.5kW (3/4HP), 460V.-3Ph-60Hz.
Motor '
Turbine Lube 0i1 Purifier 1 Centrifuge Separator,0.057 m3/min.(15 GPM), 0.75
' |kW (1HP), 460V.-3Ph-60Hz. Motor
Turbine Lube 0il1 Storage Tank 1 22.7 m3 (6000 Gal.), 2 Compartment, Carbon Steel
' 4.3m(14'-0") x 2.4m(8'-0")x 2.4m(8'-0"), Wt. 4,550
kg (10,000 1b).
Turbine Lube 0i1 Transfer Pump 1 0.19 m3/min. (50GPM) Gear Pump 0.75 kW (1HP) Motor
Makeup Demineralizer System 2 0.38 m3/min. (100 GPM) Capacity Ea. Full Size
Inline Demineralizer System 2 0.076 m3/s (1200 GPM) Capacity Ea. Full Size
Cooling Tower Acid Tank 1 22.7 m3 (6000 Gal), Horizontal 2.4m.(8'0") Dia x
(16'1") Str. Shell 0.95 cm. (3/8") PL, Wt. 3950 kg
(8700 1b) '
Cooling Tower Chlorinator 1 2,720 kg/day (6000 1b/day) V-Notch Chlorinator w/
_ Evaporator .
Cooling Tower Chem Feed Tank 1 0.19m3 (50 Gal.), Type 304 Stainless Steel
Bearing Water Heat Exch 2 Horiz Shell and Tube, Carbon Steel Shell, Cu-Ni Ea. Full Size
Tubes, 0.038 m3/s°(600 GPM)
Cooling Tower Chem. Feed Pump 2

0.0075 m3/hr (2 GPH), Posit. Displ. w/0.19kW (1/4

HP). D.C. Motor

Ea. Full Size




EQUIPMENT LIST
(ELECTRICAL POWER GENERATION SUBSYSTEM) JOB NO. C-20325
PROJECT _100 MW Advanced Central Receiver REV./DATE 'o /8-1-78
CUSTOMER _AI/DOE PAGE_T___ofF._N
PHASE I - CONCEPTUAL DESIGN
EQUIPMENT auanTiry | wuhiSen DESCRIPTION REMARKS
B