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Optimization study of the SMART Integrated Seawater Desalination Plant
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Summary

This study was performed to investigate optimal coupling between SMART and
desalination plant which meets the electricity and water production requirements of the
SMART nuclear desalination plant. Optimal performance parameter and the interfacing
conditions between SMART and desalination plant were established through the
thermodynamic analysis for the selected desalination process, MED-TVC. Also, a series
of sensitivity studies on water production cost were performed for the capacity factor,
discount rate and the overnight construction cost of SMART. Currently, SMART
desalination plant MED-TVC unit is designed with the performance ratio of 15 and unit
capacity of l0,000mig/day. Steam transformer was installed between SMART secondary
system and the desalination plant to protect the desalination plant from the radioactive
contamination. In addition, an economic analysis of desalination plant was conducted to
investigate the economic viability of the nuclear desalination using SMART. The
calculated water production unit costs are in the range of 0.73~0.83($/m3) for the plant
availability of 80% or higher with the discount rate of 8%. This indicates that SMART

can be considered as a competitive choice for desalination.
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3 1. Main Design Parameters of the SMARTdesalination plant

Parameters

Data

Type of the desalination process

MED combined with thermal vapor

compression
Number of units per plant 4
Arrangement of plant Horizontal
Number of effects 9

Total water production capacity

40,000m”/d (10,000m’/d x4 units)

Minimum controllable unit output

5,000 m*/day

Performance ratio

15.0 (kg of distillate/2326k])

Design temperature of seawater

33T

Maximum seawater salinity 45,000 ppm
First effect Max. Brine Temperature 65C

Last effect Mini. Brine Temperature 479

Vapor temperature in the first effect 69.3C
Vapor pressure in the first effect 0.25 bar a
Vapor temperature in the last effect 479C
Maximum distillate temperature 43C

Total seawater flow per unit 3,234 m’/hr
Brine blow down flow rate 1,010 m*¥/hr
Brine blow down temperature 41°C

Steam pressure to thermo- compressor 8.0 bar a
Distillate PH at evaporator outlet 678
Maximum TDS of distillate at evaporator outlet | 25mg/1

E 2. SMART 747} 3 o] §8¢] Waho] g P540art M=y

(G $/m’)

A7t
oan 2600($/kWe) | 2442($/kWe) | 2000($/kWe) | 1800($/kWe)
30(%) 1.22 1.21 1.19 1.17
50(%) 1.10 1.09 1.06 1.04
70(%) 0.96 0.95 0.92 0.90
80(%) 0.88 0.88 0.85 0.82
90(%) 0.81 0.80 0.77 0.74

# 3. SMART dAd<7F 9 eetg o] Wsto] wpg @s41tdrt

AR (49 $/m?)

At
solg 2600($/kWe) | 2442($/kWe) | 2000($/kWe) | 1800($/kWe)
3(%) 0.56 0.56 0.54 0.52
5(%) 0.65 0.64 0.63 0.60
8(%) 0.81 0.80 0.77 0.74
10(%) 0.99 091 0.88 0.85
12(%) 1.05 1.04 0.98 0.96
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Steam To Thermo-Compressor
8
Transformer O—<—» 8.0 bara
170.4 C @sat+5
From Power Plant 2,767.5 kJ/kg
9.0 bara 1 7.2 kglsec
1784 C
2,779.7 kd/kg
7.50 kg/sec
70
4 9.0 bara
After Steam Transformer 2 O N 170.4 C @sat
8.9 bara 60 721.0 kd/kg
1749 T 23.00 kg/sec
740.6 kdlkg
7.40 kg/sec Pre-heater
Return to Power Plant 3 5 From Condensate Return
8.8 bara P O O 8.3 bara
1699 C 69.1 C
174.4 @sat C 289.9 kJ/kg
718.7 kdlkg 7.2 kglsec
7.40 kg/sec
19 6. Steam Transformer € #H3 %=
- Turbine efficiency =85 %
446.9 W/s 285.8 °C, 3 MPa - Pump efficiency =70%
-STTTD =8.0°C
- Brine Heater TTD =25 °C
- HP Preheater L TTD= 0 °C
- HP Preheater 2 TTD =25 °C
. /8 work - LP Preheater TTD=2.5 °C
151.12 ka/s Turbine = 86.87 /s
— ol Steam
x,=0.8185
0 kgs  175°C. 0.9 MPa
1,,-0.9854 82.32 W/s
78.87 kals
16.02 ka/s 14.14ka/s 12.09 ka/s
32.94 °C,
. 133.4C, . 0.005 MPa
SIG o e 0.2987MPa v 167.35 W/s
.42 W/s .49 /s 28.57 W/s
22.23 W/s * Steam Transformer Brine Heater
14.73 W/s Enthalpy consumed in the ST
=60.09 MJ/s
Feedwater Pump ( lcondenser| > En](;wa\zys r;\j/zsed to seawater Brine
“— VWO TV L/ 7
180 9C, 5 MPa + 3 LAAN N 20.85 MJ/s
115.63 MJ/s I‘
72.255 ka/s

30.16 ka/s

HP Preheater 1 HP Preheater 2 LP Preheater

19 7. SMART €43
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- Net electric power generation = 85.318 MWe
- Distillated water production = 40,000 ton/day
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