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Determining the optimal depletion pressures
in the AP1000 nuclear plant using genetic

algorithms and their impact on vapor
depletion rates and thermodynamic yield

Abstract:
The global challenge of energy scarcity has prompted scientists,
researchers, and designers to focus on optimizing energy
consumption and minimizing waste. In a previous study published on
24th March 2024 in the Journal of Al-Baath University's engineering
sciences series, a thermodynamic analysis was conducted. This
involved establishing mass and energy balance equations, as well as
equations for turbines, pumps, and thermodynamic yield. The
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solutions were obtained using the ees program, and steam depletion
pressure zones were determined based on heater output temperatures.

In this research, optimal depletion pressures were determined through
a genetic algorithm by analyzing stress field examples with six
different pressures. The impact of these optimal pressures on steam
depletion rates from turbines and the overall thermodynamic yield of
the plant was then investigated. The highest yield value obtained was
0.394, with corresponding pressures of P[8] = 2459 Kpa, P[9] = 1057
Kpa, P[10] = 683.8 Kpa, P[16] = 134 Kpa, P[17] = 46 Kpa, and P[18]
= 20 Kpa.

Changes in steam depletion rates were observed due to variations in
pressures. The first drain (m8) remained constant, while the second
drain (m9) increased by 0.35 Kg/s, the third drain (m10) increased by
7.8 Kg/s, the fourth drain (m16) decreased by 3 Kg/s, the fifth drain
(m17) decreased by 2.94 Kg/s, and the sixth drain (m18) decreased
by 1.51 Kg/s. Additionally, there was a 55% increase in
thermodynamic yield, with the plant's overall yield reaching 0.3885.

Keywords: nuclear plant, thermodynamic yield, depletion pressures,
genetic algorithm, stress field examples, steam generation, mutation.
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ALY U8 dasall baie Jead <l A Gilna) s U (10) IS8 moasy
.0.3885 25054l Eun
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- 2000
- 1500
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AiaY) ey il 330N Ja g (1)) JSS
Calyia) Jakaal dad e die Joxd chinpal Basal) o bl auyl) (e Laadls
P[8]=2459[KPa] iad clPy il Ciljiin) oy Py JV)
oaiail 3 P[9] Sl Gl Jakua of 1Dl g & P[10]=683.8[KPal
ST e gmiss) P[16] aabll Gl Lk 1057[KPa] Yo v (g
A6[KPa] IV ¥ (e i) 8 P[17] Gaelal) Galyinn) Jaras «134[KPa]
20[KPa] ) Y1,Y (e ddsl PI18] Gualial) Calyiiny) Jazia

p ol Galying colin Y e Wl

Gl s s LS iy amg J5Y) Galima) of aadls (6-7-8-9-5) kil (4
Dldiey 2y 8 My Gl Gyl ¢ 0.35[Kg/s] e oy 8 mg st

osalall Gl L 3[Kg/s] ey paii 8 Myg ool Calyin 1y 7.8[Kg/s]
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1.51[Kg/s] sia; 4ieg

pod spall e e laxd i) i NV e Juadl aa Ul

mg My

My M6

myy mig

YY¥9,¢ 16.57

118 45.54

36.5 39.78

Pl Jad) 3380 )65 o3a Ll Calytiad Culihs e aea slaie

5 Solution

tain ]

Unit Settings: 51 C kPa kJ mass deg

Noandp = 0.85 []
nHp.et = 0.8 [
nest = 0.8 [

F = 0.006038

m =280.7 [kg/=]
Mgt = 1503

Peond = 0.075 [bar]
Qaqq= 2652 [hw]
tow= 302.7 [C]
twcond,n =15 [C]
g = 1000 [hivy]
Wi = 1045 [hAWA]
wipy = 1.052 [hvi]
wips = 0.05344 [

Ne=0.3842 [

Niso = 0.8

Mpump = 0.85 []
g=1094 [kgss]
Meand = 39224 [koys]
Mapymps =4 [

pr =158 [barl

s5p = 0.224 [kjfkgk]
tomn = 326.1 [C]
twcond,out =25 [C]
WHP et = 477.9 [
Wonep = 3.42 (]
wipy = 0.05344 [
i = 3490 [hiv]
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NHF fup = 0.85 [
TLP.fup = 085 [

fth =0.394 []

hp =63 [kdfkal
Mgy = 16800 [kgs]
po=101.3 [kPal
Pstg = BBEE [kPa]
tg =288.2 [C]

Yo = 2845 [C]

wig= 1019 [Mv]
WLP pet = 579.9 [Mw]
wp = 12.83 [w]
wpg=11.67 [hw/]
wr =1058 [Miw]
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Parameters RN AN 2y
Wit [MW] Yoy Yoo
Wyge  [MW] £90,1 £VY,4
Wi  [MW] ovv,y ov4,4
Thermal efficiency Y'A,A0 va,¢

%

Xup GAYES LAY

Xip AT AT

: @L’d\

tlaag (Uasall Jue 308) Jall 258 (3885 538 Calyiul) lidny Y ana

cpaidial) baal) adie s el baall ddie A Cilis dy0m)

alyiiad iy Y daa 488aS g0y Jlef die Jaads
X19 = 0.8601 « Xll = (.82 Qi _)B.A\

0.82 st 5 LT Xp; a5 . pmidiall laual) aiic g
VAT sl ST X

I~
Sort i

Nl | 0.2
[12] 4]
[13] 0.99
[14] 0.2917
[15]

[16]

171 0.9366
[18] 0.8963
[19] 0.8601

aly e e Galyiad calias eV ane Jal e adl Joaadl (e Jaadl WS
Jeadl 3305 58 cuudls . 0.55% lasa alyy) Lﬂ;i GYae G YANS e asayall
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2 g0 yall Ailas aat Cial ALl
_ V.Vnet
Nth = =

Qadd

A Jelaall delain) (Y s Hlaie 84Qaqq = 2652[MW]:dua

(V) JE A e sa WS

w 1045

* 1044
f,/’f// 1043

e 1042

./” 1041
~ 1040

" 1039

1038

/ 1037

///° 1036
— 1035

/ 1034
/ 1033
. 1032

* 1031
M

=1030
388 0.39 0.392 0.394

N
Wy MW

353 pall aa ALY ey 5 J8 liial) Jae 48Me (1Y) UK

& 477.9IMW] 1 465.6[MW] (e 333l 8 el Jaxaall diie Jae o Jaadls
J12.3[MW]jlaaay alay

333 61 579.9IMW] Il 577.8[MW] (e 2la)) 38 (midiall Jaiuall ddie Jae
2. 1[MW] ey

36



Al slaall 5 iy g1 5 ASilSal) Apmaigl) o slal) Al Oaes Gl Alas
oSL daaa 0 deae &l A 2025 ale ) aad) £V alaal)

J4[MW] agasy alayl 38 dlall Jaall Jaadl WS il

cAdaaall Saalingepill 292 jall 30k Jtlly

taluagilly claliiiuy)

aladinly clisall I cilaiall e A Caljiinl Ja s <Yl A 2 sl
T4IMW]  a5an; calaiall slal) Jaall 50l Lasg 385 diall Gua )il
55 % )3 Saaliagasill dgajall a3l Sl

1lua i)

genetic yshall i) lsall Jie ()a] il e alatinly AV ddee ela) Koy

.simplex

el I cliial) (e i) Calimiad adlse s 580 Auh Sy

REFERENCES

[1] Sayyaadi, H.& Sabzaligol, T. (2010)-Comprehensive exergetic and
economic comparison of PWR and hybrid fossil fuel-PWR power
plants. Energy, 35 (7), 2953-2964.

[2] Jodo , O& Antonella L& Costa,& Angela,S. (2019)- Energy and exergy
analyses of Angra 2 nuclear power plant. International Nuclear Atlantic
Conference,83,PP169-184

[3]- Tony,S.(2019)-energy and exergy analyses of steam power
plant.Energy nuclear, E3S Web of Conferences 125, ICENIS

[4]- Sayyaadi, H., & Sabzaligol, T. (2009). Exergoeconomic optimization of
a 1000 MW light water reactor power generation system. International
Journal of Energy Research, 33(4), 378-395.

37



Aaial) L sa0) Lo AlaieYL 495l AP1000 ddaaall b Aal) Cil Jiiud) Ja giua dgaai
Salind ga i) 393 el g AL Gl i) e o W i g

[5]- Eshun, R. B. (2019). Energy and exergy based performance analysis
of Westinghouse AP1000 nuclear power plant. Applied Sciences, 4(1), 1-
10.

[6]- Rajput,K.2007-Engineering Thermodinamic.Golden house
Delhi10002,3-Indian,p966 [7]- Putter, K. (2022).

optimization frame work. Journal abero space, (9) p 598

[8]- Khairat , M.(2024)_ Effect of Pressures and rates of steam
exhaustion from the  station turbine AP1000 on the thermodynamic

yield. Journal of AL Baath University,p484

38



