900 MW PWR EXAMPLE



SIMPLIFIED 900 MW PWR SYSTEM

SIMPLIFICATIONS AND  ASSUMFPIONS

O THE DRAIN COOLER AND LPI | LP2 + LP3 FELDWRTER HEATERS
HAVE BEEN  REPLACED BY ONE SULFACE HEATER . SIMILARLY
THE  HPS ¢ HPb FeeDWRITEL HEATERS  HAVE Bren KEPLACED
BY A SINGLE SuRFALE HERTER.

® THE LPk Feedwnrel HEATEK AND DAAIN KECovERY SYSTEM
HAVE Blen  REAACED BY A DEAERATON ol DIKEET ConTAeT NERTER

@ AL AUXILIALY  SYCTEMS  OF BOTH THE Nuciead ALacrot. Awd
TULKINE genelaron, HAve RBeen ELiMInvATED

® THE ST¥AM DRIVEN FEEDWRTEL PUmre HRVE BEeEn  LEPLAEE)D
8Y ELECrMICALLY DRIVEN  FEEDWARTEL  PumiS

© BLed STEAM  ExrtAcrion  PoINTS Have KBesnv  ADarrep ro
Suir THE  MODIFIED  ALRANGEMENT  OF FEELDWRTEX  HEATEKS

© THE  SYTYM PRIMALY | SEeONDRAY + TERTIRRY FiowS HAve
BUENADIUSTED YO ENSUKE LOMPAIABILITY WITH The Modicied SYSTEM

Q)  THE FeedwaTeL  SYCTEM  Pumet OPELRTE  BETwesn  THE
CoRKESPOMDING  BLED STERM EXYAARLrION  PLECTULE C, THERE
AL No  PRESSUKE  LoSSES Mol  STMTIE  HEA)S IN e SYSTEM,

THE  SUKFACE HEATERS HAVE A TELMINAL  TEMPERRTUKE DIFrEXENEE
OF §°C  ON THE ¢TEAM  CiDE . THESE HERTELS oFEdATE
UNDEL  SATUKATION  ConDirionS AND HAvE No DEAIN CooL NG,

@ THE TEMmPERATULE of HeAT RETECTon 1S 13°C  wiieH
5 THE TEMPCLATURE OF |neoMinG SEA  wATER .
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SIMPLIFIED 900 Mw PwR SYSTEM

ASSuMpPrionsS ¢ No  PRESSudé  DlorS IN SYSTEM
TEAMINVAL TEMPERATURE DIFFERENCE |IN HEAFEKS = §°C

POINT FLow TEMPELATURE PRESSURE ENTHALPY ENTRofY  AVAILARILITY
(kgls) (¢c) (MA)  (kTlky)  (kT]kg'c) (47 ]k)

| 126 28 319 15

2 124 2¢ 186 15

3 124 28 - Iy

4 1813 170 e

g M-n 1% 9.9

6 M-m-n-p IS, 118
7 M-m-n-p 482 LIS
& M- m-n-p-9 30 8.0043
7T M-m-n-p 30 0.00¢8
lo M-m-n-p - 11§
Il M-men-p 10, 11§
174 1513 [ 86 [ 1§
3 1513 - §.9
e 1513 214 8.9
5 h 170 Ly

It n 210 &8
17 n - 1.9
18 m 224, 2.9

19 M+ n 14 2.9
Ao m+n - 118
4 p 186, .18
b 9 1y 0.1§
P&t ) I 0.1
24 9 - 0.0043
19 7 0oo 13 0.1

% 41 ooo - 0.1

27 k7000 e 0.1

W = WET  Sream



TURBINE ENTHALPIES

HP 4 = $3% (Seceiried)

LP = & % (srecirid)

he = 2790 kT|k

hq = 2941 kT |k

S¢ = 8930 kllkg"c

Sq = . &to kJIkg ¢

Sig' = Sp + 2y Sp y
£.9%0 = 1.588 + =z, 3.703

%o = (5930~ 1.5¢8 )[373 = 0.9

hie! = hf + %' hyg

hig! = 4+ 8.910 [1811) = Zbeo kT [k
'VZ = Ulf"m)/(‘!s—' Ins')

.83 = (219 - hyg)[{ 1790 - 2s40)

hg = 270 - 0.83(150) = ZLbL kT|kg
S’LI = ff + 7C‘,’ fj—y

£.9%0 = .19 + % k.30

2 = (£.9% - 2.198) [ 4.3k0 = 0.8

he'! = he + % heg

he' = 190 + o.80 (1995) = 250% kT [k
A= (ks - k)] (he - hY)

0.83 = (27190 - hi)/( 270 - 2504 )

hy = 2190 — o0.63 (266) = " 2983 k7|l
hy = hy Na, = 21983 kT,k7



See! = St o+ 2,0 Spg
(.%o = k36 4 oyt §£.790

#a2' = (b.8lo - 143¢ )]0 = 0.9%9

lez' = hf + xztl"\fj

hu_ = 447 + o. 737[1114) = 1883 k]lkj
4{ = ghv"“'\n)/(lh"hm')

0.8t = (2941 - hy) [ (291 - 2593)

hpe = 296l — 0.80( 368) = U K|k
N T T |

f.80 = phbo + . (8 009) )

2y’ = (680 — 0.440) ] 8007 = 0. .80z

he! = h{ t og! /1}7

hg = 129 + 0.802 [Zlego) = 4016 I(T/kg
A = (h-hg)[(hy-he) |

0.8 = (29 - he)](2%1 - Z07¢) A

he = 274 - o.¢1(8L5) = 2240 k:r/k7
ENTHARLPIES

he = 27 krlkq

h, = 1553 kT“ﬂ

he = 29k kT“ta

hg = 1240 k-]lka

hy = 246 Ky

hy = 2993 kl|ly

ha, = 2b27 krlkg




PUMP ENTHALPIES

REACTOK  COOLANT (PRIMALY ) Pumps (3 N SERVIEE )

INLET PLESSUKE
INLET TEMPELATULE
Pum? HEAD

IS Mt (Fhom yHéLE)
18, °¢  (Flom Ynéie)
94 m  (SPECIFIED)

(LI | T |

OVELRLL EFFICIENCY = 0.2 (Flom nend|Frow | Powel KeLarionsnir)
Morok EffiLIENE! = .49 (ASSumeD)
PUMP  E¥FILIENEY 0.1¢ (092 = 499 x 0.9¢)

SPELIFIC VoLuME
PRESSUKE  KISE

0. 0014290 m’/lq,
91 x 4.81 ] 0. 0013290
£79021 N [m?

0.619 M/l

b2 = 15 MPA
bz = Zgé oC
$2 = 3.0993  kilky°c
sg' = 80953 UTlky'
leI - 15, 679 MPa

15.0 MH I1§.679 MA  11.§ MPa
280°¢ 4.039% 4.0373 3.0%14
300 °c 4. 4440 3.143¢ S RATAS
180 ° ]432.) 123(.9 1231.3
4p0°C 1432.3 1936.9 1935.4
As - 0. 1861
§¢ = 0. 0§%0
Ah = |04 .8
Sh = 1068 (00560 ]0.1001) = 3.9
hyt = 12kl kT [k



7 = Uls-h)/ul?' 2)

0.8 = (12b46 - /,zés’v)/(h,— 1263.7)

/, 3 - 1139 = 0.5

= 12437 +

hg = k.9 k:r/k7

dh = Jokg

$h = 330

AS = 0.1861

§s = 0481 (35.0]100.6) = 5.088

3 = 4.0959 /tf/kg °C

- FEEdwareX  pumrs  (Eceerfic) (2 M Sedvice )

INLET PRESSUlE = |.I§ ML
INLET TEMPEXATURE = |8 °C

OUTLET PRESSULE = 5.8 ML

PUMP  EFFILIENEY = 0.93 (speeirigd )
CEOUPLING EFFICIENCY = 0.93 (Speeirir)
Morof  EFFLiENCY = 0.1 (SPeeiriep)
OvELALL EFKieiEneY = 083 x 098 x 0.9 = £.7% o
Plz = .15 MFA-

i = 186 °¢

oMb LISME 1.9 MA

180°¢  2.0%t0  2.139 2.131¢

oo °c  1.333%¢  Z.43¢4 2.32%

1fo°c L9 63 30 7%3. 91

100 °C. £51. 60 §51.44 £51 .80

he = 190.00  kT|ky

Sz = 2.191( krlkg ‘c



Sig! = 219U kT[kgc

Pl? / §.8 ML

5.0 Mtk §\9 ML 1.8 Mh
180 °c 2134/ 2. 133¢ 1.1308
dov°C 4.31¢8¢ 4, 317 Z.331L
1¢0°¢C L8, 425 7t5. 51 7L4.5¢
oo °C £83. 90 &840 Sk 9o
As = 0.193
£s = ©.0037
Ah = 8¢.59
§h = 8859 (o0t37]/0.0913) = 23.§
hl?)' = 795, o1 kTIlzg

1 = (hy'-hn )] (hs- b |
0.5 = (145,01 — 190.00)[( hy- 790.00)
hiy - 170.00 = §o1 /0.83

his = 190.00 + 4.0k

his = T9L.04 /cr/kj

bh = 5859

§h = 3o.93

As = 0. 1913

§S = 0.1u3 (30.52/66.59) = 0.0459
S3 = 4013 kilkyc

CONDENSATE  (exmtAcTion’ )  PumpS (4 v SEAvie)

INLET  PRESCULl e 0.003 MAh
IMLET  YEMPERATULE 30°c
ourLET PRESSUlE 11§ Mk

PUMP  EFFICIENCY
MoTOL  EFFICIENCY
OVEKALL EFE|CI1ENCY

£.97 (SPEcitieD)
0.9t (sveccied)
0.7 x 0.96 = p.74

(1 LB | A TR T |

|
|



10 °C
40 °C
Zo %C
4o °¢

ooy

v 9

T S TR T I 1

W ou

1 |\|

W oo

0. 0043 Mk

4o °c

128. 19 kT/lfg

0. 4349 kT/Iza C \e
0. 4369 kT }kfc

I AIS, Mf&

0 Mb 1418 Mfe 4.8ML
0. 4944 0.4944 0-29¢(
0. 9118 0.820 0. 818
£3.95 §5.03 §6.30
161.5¢ 1L 8.8 169.29
0.475¢

o. 1408

§£34.58¢

£3.598 ( 0.1408[0.278L) = 41.59
12762 K7 kg

hio'= hg )/ (hio- ha)
((127.41 3315'.77) /(?/.,,, - 1218.77)

128.99 = [.€3]0.79

12917 + 1.3¢

128. 17 kflky

£3.5¢

43,14

0.175L

0.2954 (43.14 [ £3.55) = o0.4423
0.4381  kilkgc
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CIRCULATING  ( coolinG) wATER  Pumrs (2 In Setviee )

INLET
jvier

Pumnr
Pump
Mook

é”_zs'

25

b°c
do°C

HESsule
TEMALLATURE
HEAD
EFFICIENCY
EFFICIENCY
OVEKRL  pgrriciency
SPELIFIC VOoLUME
PLesCupe  Kige

1

A\l

I |

N

s.| Mbh
13 ¢

O MV,

- 0.000/
8.296
— 0.03%
£3.1%8

5. L9
b. 1918

O.192€
2. 124

0 Mfok,
— 0.0006f

0.7296¢
— 0.0%

£3.49¢

"

L L A I T Y

"o oy

0.1k Mt
O.1 Ml 4.8 M
— 0.0001 — £.0p00
0.19¢64 0.1941
5.07 4.80
4. 04 & .30

kT |k

0.1 M

13 °c

12.6 (sPeciied )
0.8 (sreeirigs )
0.9 (sreeiFied)
0.88 x 0.95 = 0.8k

0.0010007 4" | kg
12.6 x 9.9/ | 0. 0ol 0007
123819 MN/[m*

NOTE DIFFENENCE BETWERN THESC

kT Ilcg e AND  VALUES | SRTUAATED TYMP
TRELE | oF KeiNAN ¢ KEYES

kT [l c

MPy,

0. 124 MK, 2.5 Mt

-~ 0.000( ~ 00,0000
0.296¢ 0.291
6" ‘zlo :z ,‘Sﬂ‘)

e, 1L £6.30



a—
——

—-—
-

5.59

0, 1930

As = 6.297
§¢ = p.1929
Ah = £3.9¢
Sh = 83.% (0./929] 0.2947)
hy! = 5.1
7 = (hzé"hzs')/(/hé— Azf’)
0.8 = (67— 8k dS) [ ( hay — 5b.tS)
hy - S%lS = p.ue [p.88
hae = S48 + 0.1k
hie = $E48I k3| kg
Ah = £3.94
§h = S4.bt
As = 6.729(7
§s = 0.2%7 [ S.bt /#8394 )
Su = 01921 KT]ly

CINEULATING  whaTEl ourcer

pas
tsr

-

=

-
-—

lo°C
4o °c
2o °C
Yo°c

Niq

517

wou

.1 Ml

2e’c
0 M/It pl ( M’l&
0.29b5 0.294
o.511¢ 0.511¢

§3.9¢ . b4

167, 8¢ 167, 6¢
l00.1b krlk3

6.3518 lalkd C

1.5 ML
0. 214¢/
2.8
&. 3o
169.17

[




ENTHALPIES
h, = 1263.7 kT lkg
hg = [ 264 .9 ki “'-3
hie = 790.00 kT |kg
11‘3 = ’796.04" ICTIkg
he = 125,14 krlkg
h = 128.17 &7 |iy
,’\zg = Sh.§ ILT/
hy = 4.8 kflkg
leq = loo.1L lekﬁ
ENTROPIES
Sa = 30453 kilkg°c
$4 = 3.0994  hTlkgc
Sz = 4.197 kI[k3°c
Sy = 2.1493 kT |ky'e
S4 = 0. k349 kr“??
S = 0-4387 krlkgvc
Sz = 01928 kT |y
Su = 0.1929 kT |kg*c
Sy = 0.3518 kT kg °C




HEATER FLOWS

ENEREY

KEHEATEL

HP HeAT¥L :

DEAERATOL

LP HERTER :

STEAM rFLow o

BALANEE  EQuUATIONS

(M=m=u—pY(ha=h) = n(hg-hy)

(M-m—n—p ) (2% - 2593) = /n(zfﬁo_uéf)
(M=m-n-}p) 368 = .n/fos
386 M = 3em + [F3m + 38 p ()

M(hlq."‘"ls) = m(‘he""h‘))"‘ "(hn‘hn)
M (940 - 96 ) = m (2t - T42) + n (1SS - 42)
e M = 170 m + 223 ---ccee e

(M-—m- - "ln,' hu = (m"' n hz'o'- Iln.)'f ""ll‘ hu.‘
(7?0—:‘05‘?))((M—m,—n.)p ) = (m -c—m))((?éi- ‘770) +Pp((15'$’3- 7‘20)
348 (M=m-n-p)= 172m + 1= + 1763 p

luskion. O o Lguadion. ()

X 2408 / {000

X 368 [looo Loz 30 .
,/éd'-—/}«oml 1634959

M8 M = 1Tm +112m + 1TESp+ 36Sm + 34Sm + 345 p
BHEM = S1Tm+ ST a + Lok A
(M-M"”-" )(hll —"Ho) = i{h'u_‘:"lz'l)
(b9 =128 ) (M-m-m-p ) = 4 (2427 - 447
3T (M —=m-n-p) = Zibo 9
ANTM=-31T"m - 31T — 311 p = 21604,
HNTM = 3T + 3Tn o+ 317/; + ,’Z.léoi ------ ®
M = |53 kg/s'
368 (1503) = 386 m + 19930 + 3£¢
I1237 487 = €18 m + AZoln + 18 p
34—5‘(/5’13) = §1Tm + ST u o+ zlag,
= 2elm + Lol +  fl p
= UTm + 4ooo n G



M ® aund 6
14k (1513) 1704 m + 223 m
X 4ooo [1000 811 4 8¢ 6816 m + 892 n
o34 959 617 am  + Looo m

x 225 /1000 230 196 13¢ m + E9L.n ~
W——M bl 692 bo18 m U )

W@ bho 9L = 4L m

m 640692 | 6478
m 96 k?/S

bulo. ® M = 0 m + 223 2
ke (1§13) = 1704 (96) + 243 =

LUNSRERL B | S T |

o

23 n = 217872 - 1b3584
N = 54188 | 223
M = 143 kgls
fy«ﬁ” O M = 8w+ 1993a + 368)
8¢ (1513) = 388 (96) + 1993 (L43) + 348 p
488 poo= S804k — 39248 — 4€4299
p = 65447 | 388
p = 169 kg s
Copeation 89 M = Zm + 31w + B + Llbo 4
317 (193) = 317 (96) + 317 (243) + 317 (169) + ko g
#7921 =  Zo043L + 77031 + 5385813 + Libo g
2160 4 = 19624 — Bow3t — 77031 — §3973
4 = 318585 | ko
9 1 lgls
FLowS$
m = 9t kj/:
h = 243 kng’
4 = 169 ks
g = 141 kgls




SIMPLIFIED 900 MwW PwWR SYSTEM

ASSump rions ¢ No  PRESSUlE DRorS IN  SYSTEM
TEXMIVAL  TEMPEXRTUKE DIFFERENCE IN HERTELS = §°C

PoiNT  FLow TEMPEAATHRE PRESSutE ENTHALPY ENTRoPY — AVAILABLLITY
(kgls) (°¢) (MA)  (kT]kg)  (kT|ks"c) (KT k)

I 12628 328 15 el ©
1 lu1s 1€( IS 1263.7°
3 11618 - 19 1204.9°
4 1513 20 5.9 17908
g 12170 ° 20 §.e 2190 *
[ loo5® 18L 11§ 1583 °
9 loos® 152 118 294k ® )
£ gs¢° 30 8.00¢3 Z2¢0°
9 1095 * 30 0.0043 125219 °
lo joos * - 1.1¢ 128.17 °
T /005 ® Jot [ 18" ha§© )
11 1513 184 11§ 790.00 °
13 1543 - g.¢ 196.04 °
A 1513 219 g9 440*
I5 243° 270 Q.0 21904
I 243 ° 17 £$ 11654
17 243° - 1.9 1185%* :
18 96 * 224 2.¢ bbb
19 339 ° 124 1.9 142 4
Zo 339° - 118 942%
1 169 * 186, 11§ 2553 *
22 147 * ", 0.1§ W21
13 leT® 1l p.1¢ kiq ©
¢ 1467 ° - 0.00¢3 b1 ¥ .
12 47000 13 0.1 S48
4 47000 - 0.1 5481 °
17 #Tooo 14 D.l [00.76°
WEr  STEAM A = plom TALLES careucared  (Yukbive)

w
*

1" 1"

[ =
CONSTANT  ENTHALPY  PRoc€£SS O = CALLWATED (PumPgQ)



TUKBINE  ENTROPIES

Sg = §.930 kT”(j"C
Sa = 4.8o kT/kfc
26b( G2 + 2 (18k1)

w
N
L YR TR}

(2666 - 962 )] 18
Sie 0.92¢
Sie S+ Ay $tq
Sg = 1.598 +0.924 (3.70%)
Sg = .92 kT [ky'c
he = hp + % hyg
153 = 190 + x; (1943) _
z, = (2993-190)]1995 = 0.8 (1157 wet)
S¢ = Sf + %4 Sty ,
Se T 2198 +o0.688 (4.%0) = £ 037 kilkgc
Su = $ Su = 6037 kT[kg’c
hzz = ‘1{ + 3, h{—ﬂ
2427 = 461+ , (2224)
200 = (1427 —447)/222L = 0.970
S22 = ¥ t Ky, Sypg )
Sz = 143k + 0.970 (§1990) = Tosz kT [ky°C
hg = h{ LI & l’lfﬁ _
Q260 = 127 + 924 (2430)
2y = (240 -127) [ 230 = .87 (13.07 wet)
33 = S’f T g ng
S = 0. 440 + .87 (£009) = T.4o4 kr/kg’c



ENTHOPIES

Se = 899 kI|kgee
st = 6.087  kTlkg
$9 = t. 860 k\TIkg ¥
Se = ok kTkgee
Se = §.992  kT|kg%c
ST b.037 k7| X
.fzz = 7.052 /(J'lkﬁuc

THROTTLE ENTROPIES

KEHEATER  DRAIN

P'L = 5.9 Mfh

hye = 189 ILT“.F

S = 4.919 kT kg‘*c

Pn = 1.9 Ml

h, = 188 /cr/ki

hn T hg + xp hy

1188 = 961 + 2p 184!

xn = (1188 - 982) [ 1861 = 0.124
Smo= S+ % Sy

Sn = 1.59¢ + 0.1 (3.703)
S % 3.004 /(T“tg ‘c




H¥P HEARTER

P
hyg

Sig

bao
h 0

hio

962
9"?.9
$20
520

S?_o

LP HEATER

ENTHOPIES

DRAIN

"non »

H

LI} B

LU TR | BT

2.8 M
442 kT 17
2.9 k lkg "

]S MEy
4¢1 kr[kf,

hp * %, heg

M0 + x,, 993

(962 - 290 ) (1493 = o.08
S+ u, 5¢3

1.19€ + 0.086 (4 3¢o)

2. 81 k.nrllv.g °c

DEAIN

L W

LU | B I |

(1] " ft

0.8 Mh
b6 kT | kg
[.43¢ kr/kg

0.0043 MK

kb lcrlkg

hi + 2 hgg

117 + Moy 2430
(467127 ) [ 2430 = 0.10
§¢ 1 Ao Stg

0.Le0 + O.140 [ 8.009)

[. SL1 /J/k, c

Sk
S 26
S2¢

-
=

3.006 ET[kg "
2.9 Ia'lkg °c
.S kT /kg"c

18
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AVAILABILITIES

AVRILRBILITY AT ANY Poinr IS Biven  BY
V5 = (h"ho)-T(g"So)

TEMPELATULE  OF  HEAT SINK | INCOMING SEA wATER ) = 13°C

t, = 13 °¢

To = zgé OK

h, = Sk .48 kTlky (AT sIMA)
So = 01928 [T[kg (AT 0.1 ML)
a = (h- Set8) - 28 (s - o.192¢)

THIS MAY  BE RounNDED OFF YD MAINTIIN EONSISTANT ACeudncy



ASSUMPYIONS

POINT

[LI ]

FLOW  TEMPERATULE PUESSURE  ENTHALPY ENYLOPY

(kgls) (°c) (MA)
12618 319 15
124 28 286 I£Y
1246 18 - Iy
1913 270 (Y
1210 270 .9
loog KA .19
1008 181 1.1
£5¢ 30 0. 0043
loos 3o 0.0043
|oos - .18
/ool 106 1.1
1513 184 118
1513 - XY
1913 219 §.8
143 110 o
43 270 LAY
243 - 1.5
96 124 1.5
139 212¢ 1.9
139 - L1g
169 186 1.1§
167 Hi 0.15
'y 1} 0.15
147 - - 0.0043
471000 13 0.1
47000 - 0.1
4To00 2 0.1
FRom TABLES .
CALEULATED ( THROTTLES)  ©

SIMPLIFIED

900 Mw PWK SYSTEM

No PLESSURE  Drors

IN SYSTEM
TELMIVAL TEMPERATUKC  DiFFERENCE IN HEATELS
TEMPELRTUKE OF HEAT RETECTION

= 13°

§%

AVAILRBILITY

(kflkg) (/(T/lg'c') Ut]lla)
148 4. 443 2 1A
12637 4.0983° 319.0
1206 .7 4.0999 ° 9€0.0
1190 §.930 ° 1094
2190 §.9%0 °* 094
2853 t.037° €11
2741 b.8o * 999
22¢0 7. ok ® 123
128,19  0.43L9° (.33
128.11  0.4382° 3.14
hk$ /.32 ° £3
T90.00 2.1971° 164.12
T9% .06 2.1993° [147.93
U0 2.449 * 228
2190 £.930° 1094
1185 1.?05’: 27
1188 3.004 326
VANYA 5,982 ° 959
942 2. 5504 231
942 2.8*% 127
1553 (.o37° §27
24 29 7.082° Lo
ki L &3LY §9
Wb .56 ¥ 2
Sk.4§ 0.1928 ° .00
54 81 0.1924° 0.13
100,76 0.3518 ° 0.b4
= CALcutATED  (TurBINE )
= CALeuLATED [ pumes)

20

286 °K




