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282 1. Simplified schematic of regional district heating scheme. 1: Nuclear heat/electric sta-

tion, 2: Regional network of large pipes,

and reserve,

4: Local distribution system,

3: Local fossil fuel plants for peak load,
5: Secondary-low pressure distribution

system of plastic pipes, common for space heating and water 6: Cold water make-up.
7:Optional magazine. 8: Possible hot water magazine for night energy distribution to

isolated housing estate,
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%8 2. Basic temperature-entropy diagrams for

closed gas cycles
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1 Compressors
2 Turbine

3 Generator

4 Air heater

EXHAUST STACK CiS 3519F

. SITE CUSDITION
SEA LEVEL ELEVATION
3"R,0 GAGE INLET SYSTEM
6 H,0 GAGE EXHAUST
SYSTEM LOSS 80° FDB

2. U DENOTES APPROXTMATE

AMBIENT AIR i e
80°rB

22 3. (b) W501 cycle output schematic

=3.6X 1067143;—”,; (6)

o2 o] F4.L gukAql ALY FEzA F
Compressor ¢} & -&%.7} 20°C ol ¢ 30%¢ 4 i &%
7H3 et & Helh

2.1.1, Power Cyclen} ¢0|R &&

28 2% CCGT 4 dwrdql T-E woletzdi g =
Asta gov 1Y 3L FF4+E odr 7 CCGTH
TES Schematic Diagram 3 OCGT & #}o]Z &9
Schematic ¢ x4 Fa gvb. CCGT-TESHA&

5 Heat exchanger
6 Precooler
7 Intercooler
8 Flash evaporator

. (a) Schematic diagram of a combined plant for the economical production of electric
power and fresh water, The flash evaporator utilizes as a source of heat supply the
exhaust heat from the gas-turbine cycle.

9 Raw-watersupply
10 Condensate
11 Bypass of heat exchanger
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28 4. Energy balance of the combined electric
power and heat generation of a closed
heluim cycle nuclear power plant as a
function of the compressor inlet tempe-
ratures: hot water return temperature
70°C constant; only one intercooler and
T-Regenerator 30, 60, 90, and 120°C
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a2 5. (b) W301 combine cycle outputs
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Flat TG16Gas turbine
Load gear

Oil reservoir

Turbine auxiliaries
Starter helper turbine
Oil coolers

Inlet air filters

10. Boiler

12. Exhaust stack

14. Electric boards room

3. Generator

8. Inlet air silencer

O NHO AN

11. Deaertor
13. Control Rroom

28! 6. Plant general layout
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Plant ol & & 47} 968®, o] Plant& Chemical
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E 1. Plant Performances
Referred to 10°C and 750 mmHg ambient

—Supplementary firing No YES.
—Steam helper turbine No YES.
—Gas turbine consumption  Gealfh 59,7 59.7

—Supplementary firing Geal/h 0 17.1
consumption

—Total consumption C Geal/h  59.7 76.8.

% 100.0 100.0
—Gas turbine output KW 17,440 17,440+

Geal/h 15,0 15.0:

—Steam helper turbine output KW 0 1,400:
Geal/h 0 1.2:
—Total electric output E KW 17,440 18,840

Geal/h  15.0 16,2
% 25.1 21.1

—Useful steam at 33 ata t/h 33.5 25,
heat content referred to 30°C Geal/h 22,9 17.1
—Uesful steam at 11 ata t/h 0 35.
heat content referred to 30°C Geal/h 0 22.6.

—Total steam useful heat S Geal/h 22,9 39.7
% 38.4 517
Geal/h  17.5 15.7
Geal/h 4.3 5.2
Geal/h  21.8  20.9
% 36.5 27.2

—Heat utilization ratio E+S % 63.5 T72.8
(electric energy plus steam)

—Heat consumption in a virtual Geal/h 25.5 44.1
fired boiler to produce the
plant steam B=S5/0.9

—Specific heat consumption to Keal
the electrlcxty generation Kwh 1960 1735

—Stack losses
—Radiation and oil losses
—Total losses L

H=(C—-B)/E
—Corresponding efficiency % 43.9 49.5
IR

£ 2% 34 100 Mwe &} 200 Mwth 9] &3-& 7
o7k A Aade SF%E nd Fa drh, o EA
2% ule} o] Direct cycle HTGR/GT &= TES 24
H49 448 AAE dF] gk ol a2
sHeie 9AE o] gghozs] FolE Fgo] EoHAJ
o o] ¥f.

2 1. 1A A g AAAES el g A
delA 7 Alzdle o AFE o] vstolek, 4]
HTGR/GT 7} 714 34 A& FFsAdE ned
Fa vk

= HTGR/GT ¥ gwkdez LWR el A49) 7+
o] = Jalo] got TESEAE H43 A
A7 2 4 AqURAE FFe] Yl Plant € &%
o] LWR nr; 94 Zolgozs AA A A4ke] 2
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T 2. E329 100 MWe~200 MWth)*& 931
R EL D

system Type 2 4z (MWth)
‘HTGR/GT 284
‘Fossil-Fired Gas 313
—Turbine(FFGT)
HTGR/Rankine 358
:Fossil-Fired Rankine 383
PWR 550

o A fast @ sae A7 A g

E 3 dAFEE AdA AR 9 29

100 MWe~200 MWth)
Power Cycle (;iiﬁlsﬂ{@vﬁr) (a? /T\I/IQTJU)
HTGR/GT/Brayton 14.0 1.43
FFHT 14.2 1.48
‘PWR/Rankine 16.9 1.63
sCoal/Rankine 24.6 2.77
+0O1l/Rankine 25.2 2.84

74 : Oil ks $11/bbl
A&k gk $30/ton
Plant capacity factor; 80%
Plant 4% ; 301

2.2.1. Power Cycle

713 o] 4kA gl HTGR/GT 2] Power Cycle 3+ 73 A)]
AL Aste s volstek e A8 FEL G
B i g
Direct Vs, Indirect Cycle
Closed Vs, Open Cycle
Working fluid o] 414 (He +& & 7£)
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S SO R

. Inter cooling Vs, Non-intercooling

A4 (direct) #o]l Fo das§ 22 ga YAR
A g m2AE AL A4 Hulg EPoz4 s
Z 2R ol F- FA Pk 1A (indirect) s}o) F
2 dmnF} T T3l Fi FAY 8 loop & FHA
% QAZE 1AE0E FT ALHUE | AEoE
-8t TS Wi, AA #o]Ee dFE g ¥
A(ZA Hol Bl ¥ ske ok 3% o4k ¥rl) Ful4k 4
aFA 7 Baglon el A A Ao s
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95 A7dE 53F 1Rl 9 ¢k Regenerator 9 4}
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E 4 Fo A 4@ F A9 ws
¥ = e a A e 2awa | 4 % & o] 2
PCRV w7 (D) m g~ 18 Dy
o (Hy) m 12~ 24 24+H;
W (P bar 50~ 120 5+P;
#) 341 (Turboset) =414 825 (Th) °C 850~1150 3. 35+(—1T06"0 )y
27 (Ng) MW 500~2000 Ng n=-2%+0.6
ti
e 81 4] & FE (Pry) bar 50~ 120 P08 Ne=1000MW 73 %
Regenerator H. -2 (Mgu.) kg/s 100~ 450 My 115
# st (Pre) bar 50~ 120 P05
&4 or# (4Prel) % 1~ 6 APrel-0-4
LTD(4T) °C 7~ 50 AT-075
v o corLine 20079 ;
HeTrp (P

8 7. Gereral arrangement of closed-cycle
helium turbines for power and steam
generation: a=compressor; by, by=heat
exchanger; c=reactor; d=turbine; e=
cooler; and f,, f;—steam generator

o] o024 Compressor & & F&4AlA WA &
& EolAE Aot o 44 A4 AH £2%
5} Compressor & oig A2 JFo2A Eo7ite
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o] 4¥2% 19694 o= = JAERI 7} 50 MWthel

Lk’9080KW
LDT'LT—L“ =7580KW

LT=16660 KW

=7040 KWe
N h

g8 8. JAERI Reactor cycle characteristics

22g 744 HTGR & 17 Mwth £ Al A s} 38+-3-49
Process Heat o] &w-% 3tz 33 Mwth 24 7.04Mwe
(Net)s] A7 & wAEZA 23%S] +fo] T 45 ET
AER AAST doh GEEAE Agdn Qe
He/l 2 working fluid 8, 843 4R Z&5A=R
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No, Place Pressure ata | Temperature®C| Flow rate Kg/S
1 Compressor Inlet 17.35 40.0 11.29
2 Compressor QOutlet 42,00 194.0 11.29
3 R.H.X, High Press, Inlet 42,00 194.0 10.45
4 R.H.X. High Press, Outlet 41,10 400. 0 10.45
5 Reactor Inelt 41.03 400.0 10.45
6 Reactor Outlet 39.53 1000. 0 10.45
7 Turbine Inlet 39.50 1000. 0 10.45
8 Turbine Outlet 17.95 697.5 10.45
9 R.H.X, Low Press, Inlet 17.95 667.0 11.19
10 H, H. X, Low Press, Outlet 17.65 475.0 11.19
11 Cooler Inlet 17.65 475.0 11.9
12 Cooler Outlet 17.35 40.0 1.9
Note:

C: Compressor

T: Turbine

R: Reactor

HX: Regenerative Heat Exchanger
PC: Pre-Cooler

G: Generator

RG: Reducing Gear

Vi: Compressor Bypass Valve

\ STEAM CENERATOR

Mg CIRCURATOR

ELZMENT \rlc®
TRANSFER
FACILITY

He CIRCURATCR

K% - A
Q) . 3 af P
STEAM REFORMER }" ~

HEAT EXTHANGER
FOR REDUCTLON GAS

—
0 2 4 6 8 10m
STEAM GENERATOR

RECUPERATOR

2% 9. JAERI Reactor plant arrangement:
horizontal section

Produt 9] 4, 233 WdAB8e MYe wez 3
T YD, AR A= dukd oz §00°C~900°C 2
R¥@EHo 257+ $e4q oz A48 v
29 99k 29 102 JAERI HTGR-TES & wz =
T 2o Fa gk 3-loopd 2ARA AAAA 2-

V3: Reactor Bypass Valve

Vs: H,X, Bypass Valve

WCP: Water Circulating Pump

CWP: Coolig Water Pump

W/W.,IIX: Water/water Heat Exchanger
LPHeT: LOW Pressure Helium Tank
HPHeT: High Pressure Helium Tank
HeTrp: Helium Transfer Pump

loope] 442 wtfgle= Direct #to]Zs Indirect
o] EE 7 loopel Agstm givh =49 ZAE
15.3ft 2] A A3} 8.2ft 9 Eo]o]n Power density =
4.7kw/liter 24 23 2o wo S wA 4
2 akel o] A AT YAE £51F AL ¢
o F3eFE -2 569 Psig o] 9112,

A& A Oberhousen [ & A, AAdstz g™,
o] EEEX E| 300MWe &89 HTGR-TES
2 APA%z gdygot A 9F=2 qAe Coke
Oven gas & ©]-23 Heater & A}-23+31 7} v+& -
L& AARE AL 4 =5 44 89 Fq) HTGR-
TES 2 94le] s}5stEs 3 Aoek®, AAzA:
Heater & A-4-3}7] wll ol .50 MWes] &3 3} 53, 5MW
2] 94 110°C 9 S5 2 vo] XU EE 5o v}k He
Mg f3-& 187 Ib/sec o]=] Indirect 4}o] &8 A&
B gvk. BlWelAE 74 7] o] (Reduction Gear)S-
AHg-8te Aok dR@ % v

Oberhousen [ A zZul4l-& Fd4 TES9 4
A, A4% AT s¥A4Ad oz 445, @A
8 vEe SAHoE AARE N, A4T + 3
= A vFgez o9 g uygoz TESE
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gg-e5E 750°C 2 & Ho] ehxuk gk In-
tercooling o] 4] FW s e] Compressores] YH-L2EE
25°C 2 2AAA Fo2d d2dE 29 F + U4
Heol dlad L 32.6% & d9vh AL gL
408 psia 24 JAERI 9 617 psia 2t} %2 sHojv},
dukd o2 FTMHA =7 o 50°C 453w 2
E&E 2% Abssta A AcrEe] 100 psia AF5Etd A
EEL 1% A4t welbA Oberhausen I+ ET
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Inlet Inlet
a, LP Comperessor Temp. (°F)Press, (Psia)
b, Intercooler 77 152
¢, HP Comperessor 81 244
d. Recuperatpr (cold) 77 223
(hot) 257 416
e, Fossil-Fired Heater 860 156
f. HP Turbine 783 408
g. LP Turbine 1382 391
hl. Precooler (heating part) 1076 239
h2. Precooler(cooling part) 336 154
i, Gear 113 153

28 11. Thermodynamic Cycle for Oberhausen II
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S fE3 9 A& FH3s]l $181 A+ Rankine 4
o] 29 TES Xt Brayton x#}o]E9] TES ncl & o &
#ko] vl & Aok el

ol # gt #AArE oln] AWE E 26 el ule} 2
t}. Brayton #}o]F TES &2 =k8] oluvixle] =gk A
A9 w77} Rankine 4401 & TES ) ¥ ste %A &
R uk o]sp zbo} 2 Bl FaForA F A4y
L Rankine #}o] &9 TES xr} 23 A4 A4 k.

28 A5k, Rankine #to] & TES & g3 e 5
7ER & o] f2A S8 LA Eurgk AR Y &

1. Rankine #}0] 29 TES & ofv] ksl sl<&utk
7R A 88 8o slsdret. LWR, HTGR(Ran-
kine)o} &al 43 2o F4dRE o] L8 vy
H—37] 4719 A +8 442 F& AAE U
o F Y.

2. Rankine #}o] &4 F W4k Eolnz w4R
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. LP Compressor

a
b. HP Compresser

<. HP Turbine

d. Gear e,LP Turbine
f. Generator

g. Precooler (2)

h. Intercooler (2)

e

Recuperator

o

. Concentric Double Duct

338 12. Isometric View of Oberhausern II
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3.1. LWR-TES
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A Jebdz gk =28z U. S Martime Commission
oA o] whdd] dF AlEHq gL @ gk
o] Z2AEJ AL 300MWth J =9 L2, Fokd
LWR(Integrated LWR)& A A3t wle] FA730
2 A3 S g3 geHv, olE3 &TR
LWR(PWR)4 R ZF7x] A FHo2 qA44
= A4 ol ol&H ol wHEal AMER AEY
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=18 13. Costs of desalinated water fom dual
Purpose Plants (electrical power priced
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3.1.1. LWR-TES 9] Power Cycle

HTGR3t 22 LWRE 444 BWRE Aldstn
+ 2% Indirect o] ¢ A&3t2 gk webd 5
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olAF F18 LxE 265°C A= HoAA He,
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O3 14, 313 MW (t) Reactor Containment
Arrangement

<}n] Aws whel o] HulgT 22t Yol =
24 AAAQ dEEE FolR ARk £ HNET 2
27} wdolx] 7] wf Foll AYE 515 57 w45 5
Bte] G A7) sl FEI ol HA Xt F
Bl &7 28 200°C 2 2 23 A1 & 7)o
a8 e F7E 200°C F A wEoleh, bl
sl HTGR-TES &= #ule T 257 500°C 24
Recuperator &} ol =] A=EFE zAsd s 2
29 Hdg A4 S A ARAG 4 Aok o]
& o]f el Rankine-TESej A& ©ilel Fo}

e 718 dFEE AYE S Bgs gFd T

B2 AZAAALT HNETAA e 22 ndy
S BRA Bk 3202 sldAA B WL &
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3.1.2. PWR-TES o gt

197413 o) Oak Ridge National Lab. el 4 A& 4
=2 Consolidated Nuclear Steam Generator(CNSG)
+ HA} FAd FAFE AY-EFoE A4S 4 U=
& 39k

29 14 313MWth o] CNSG 24 Q=29 27
WA AAE E7] el A o] 2 & F
g 2o Fx ek olElg AA Wl FHAAT
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E 5. 313 MW, CNSG F35 44 A4

MW, 313
A|£EltE, psia 1875
=42, °C(°F) 302(574. 5)
A ETLE, °C(°F) 319(604)
HAuazd, kw/ft 16. 08
ngdEgges, °C(°F) 204 (400)
% SG %, lb/hr 1. 254 X108
SA4A-2=3], °C(°F) 343(650)
SAEdeEA], °C(°F) 287(548)
7153t d 4], psia 700

H 6. 313MW,; CNSG ¢ o 4bs & ou}x] =z}

(19743 $)
Azl =] | Dol =]
(misll/KWhr) [($ /MB..)
Fixed Charges 18.2 1.11
Operating and 3.1 0.22
Maintenance Costs
Fuel Coits 4.7 0. 40
Total 26.0 1.73
Fixed Charge Rate 913.9%
Plant factor 0.85
Plant life 30years
Start up 1981
IPWRo] wol 43z Qehv, oledat 4Fmd

CNSG 7} F8s € ol-f& 2 &&= gleh A3
g Ao o] 8% 4 o Ze Fr T X9
g $3 TES 2 A 283 4 37 = Fole
3 5% Fe4dA AFELE B F3 Ak A u
AF wlE 3600rpm & BH¥lez 91, 3MWe o] £9-2
W= 958e oF 29.2%71 Hvh

ZE E7L gl A V& £71 % w14 Reboiler
ol Bujeo]l 4 AAFA7 u Y 150°C o Fo § S
7 Bady wASe o 45MWe 2 W75 205°C
A=Y F4L Fr7 oA dAFE o 18MWe
2 AR dAFe F4E RaF TYE F19
54 =} sulald fE3F e 19 S 22 E
WEAg ez dojvte fAbo|rt

E 62 dAFEE duA mstelsh. 313MWth 9
CNSG 24 R 7] ovixE 26.0mills)y KW-hr, «dd)1j
& 1.73% /MBtu 24 <]45 & Oil/Rankine 4} 23
9] o =] B7H(E 3) 25. 2mills/ KWhrs} 2, 84 $ /MBtu



176

. ARy crcix
228 ¢ = 1910 Kg/e
¢ 31 bad “He

COOLER
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TYPICAL BIMARY CYCLE SHAPE.

8 15. Typical binary cycie 9} scheme
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N. =& Mmo[Z(Combined Cycle)

25 Ao T2 A 2 Ao 4& Fr w4
A Bue] WS F51& A FI e T34
g Fozd wAFE FAASNE gyeld. &
o] Foll uwlfE X4 4ol Bottoming Cycle o]&}
F2a ALd4E 444 AAsEE E2& working
fluid 2 M43tz 2 Agdo2 APl A 57
Blulg Ahgate}, webal 23 Aol EL TESHA 4k
d4 kg e FAE gAHE Al W
AL $71F LAAA d58¢ 33%ANA 50%7A F
o]l £Ro2 5 oldda o] Folet
Carnot Cycle ] dx¢3 w53 A}, 23 4ol S
& 9w o] F #po] Z(Binary Cycle)ol gtk A gheji®,

23 15% ZEAQ o] F #o] &2 T—S rlolotzy
3 1 $4ESE ¥ F2 geh

o] 2ol & -3 Recuperation 8] FHo] 9+
HTGR & o] §3le} 4418 Ao]xnt o33 Working
Fluidst 4384w LWRE 7153 Qo|c}t, T—S o}
olotzaloll 1 Rel Working fluid & =3} line o] 4
Hel A& 4972 Pump § $8t4 455 3L (1-2),

A
E-

Ha2E

12 spo] Zell A 2 2& A3 5 A A &
EE AeA72(2-3), e AAAAL d2 wb
= (3~4), W AAA(4-5) T4 43l=e](5-1) Pump =
Eolste o] €& 484 2 g

olw] Awdgt ubsl 7o} o] F ol Fel AA FollA
Za% B89 v Working Fluid & A g4 A
HEk dolrt, R x4 gA S + or
HAgo] Aok Mg d Bl ZAE EY 4+ YT
ARG F4ol Folok s Faldte Lol Aok
L2

E 74 Binary Cycle 8] Working Fluid 2 2883
Je AAEY F4EE e F2 I+

o] Fo}A RE Isobutane, Ammonia Propane %o}
o] mHFHL vk

E5]% ¢-¢ Binary Cycle & A& A2 a4
o2 ndsta gl AFd-g o]&7k w4 (Ocean
Thermal Gradient Power Plant)d] A & 7-& 27 E9]
aTHEE adE HE4E 4+ Y

EF X d-& o]-g3te] WA g w4 (Geot-
hermal Power Generation)ell = 78 8ule] Power
Cycle 3+ Working Fluid 7} 27% © 2 A Binary Cycle
o g dTE S84 Zo] oS Wl

Binary Cycleo] wigt ZA4G& w9 82 solet,
Qg3+ #o] 24 A Bottoming Cycle 2 A% dad
A e 1% Aol EdA E4(LWRA A9
Precooler 2, & glojof 5 & $-&Folw 23 4ol T
& E47]% 172 Heat Sink(Cooling Tower 1} & &
#7]) 4w wok AA Jela A g F7] i (Vapor
Turbine)d] = 85 4435 9 ulA 7} F7]
£ (Isobutane, Propane 5)o}7] =l &o] S71ejul
(Steam Turbine) wel kol #Al 3wk,

=0,
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& 7. Properties of the fluids considered in b:nary cycles

Plid | Formla  [Mleeer el Tapp. | Ol e | ey | Souree
Ethane  CH;.CH; 30.1 32 (90) 49 (708) high Edminster (1561)
Isobutane (CHj);CH 58.1 135 (275) 36 (529)  high Edminster (1961)
N-Butane CH;.CH,.CH;.CH; 58.1 152 (305) 38  (551)  high Edminster (1961)
Nitrogen
Peroxyde Ny04 46 158 (317) 105  (1520) high  Krasin(1971)
N-Pentane (CH3),C 72.2 197 (386) 3¢ (490)  high Edminster (1961)
Propane CH;CH,CH,q 4.1 97 (206) 43  (617)  high Edminster (1961)
Propylene CH,CH., CH, 42.1 92 197 46  (667)  high Edminster (1961)
Freonll CCLF 137. 4 198 (388) 44 (635) low  Jordan(1962)
Freon12 CCLF, 120.9 112 (234) 41 (597) low  Jordan(1962)
Freon22 CHCIF, 86.5 9% (205) 49  (716) low Jordan(1962)
Ethylene CH,CH, 28.1 10 (50) 51  (742)  high Jordan(1962)
Methane CH, 16 —83 (—117) 46 (673) high Edminster (1961)
Ammonia NH, 17 133 (271) 114 (1651) low  high  Slusarek(1966)

374 (706) 222 (3226) ASME (1967)

Water H,O 18
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