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IAEA Tool on Nuclear Hydrogen Production
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H E E P Evaluates the economics of the most
promising processes for hydrogen production

View Additional inputs Help Exit

Discount rate: [5 % | (B (© interest (%) | (%) period (yrs) 5 40 Additional

. | Update and
Inflation rate: []— % |[70 ¢ W 10 10 2 Inputs stpore Case

Help (2) : . ek ()
" Use "Real” ratéS ~Equiy: Debt | Borrowing - Tax Rate|- Depreciation B ConstructionT:Oneration 1 o or o GoHack Estimate
| hydrogen cost

¥ MNuclear Power Plant ¥ Hydrogen generation ¥ Hydrogen storage ¥ Hydrogen transportation
Help (?) Help (?) I Help (7] Help (?)
Use library ¢ Read from library™ [Ipdate Use library ' Read from lbrary Update Use library (¢ Read from library Update Use library {* Read from existing ™ Update
M i (2 W Hoar | ™ i A2s || ™ o
utility " Create new data utility " Create new data utiity " Create new data utility " Create new data
Database Database Database

Li5F F rnchad plank ks i e Bvar————— Li5F F Hodhom plaed s &1 the lvarr————|| 1 LAFof BT shvage fbs 41 e sy LicF o HE franspaniation s 1 e i

APWRI117 - SCWR-CuCl - Pipe500
APWR360 A SF-GTHTR300C e
Location of H2 Generation Plant - ~H2 Storage Method Type of H2 Transportation

* Colocated " Away from NPP @ Compressed Gas ¢ Liquefaction ) .
@ Iq
" Metal Hydrides Pipe * Vehicle

Parameter

Thermal rating [M/th/unit]

Heat for H2 plant [Mw/th/unit)
Electricity rating [M'we/unit)
Number of units

Initial fuel load (ka/unit)

Annual fuel feed [kg/unit)
Overmight Capital cost{USD Aunit)
Capital cost fraction for electricity
generating infrastructure (%)

Fuel cost (USD/ka)

Parameter Value

Add.
data

Parameter Value ﬁdd' Parameter Value
ata

Storage capacity (kg) 4.83E+6|E Distance for transport (km] 200
Compressor cooling water (Lit/hr) | 1.50E+6|Edit || Ovemight Capital cost (USD) 1.92E+8 dft

Electricity requir- -
[ /ydrogen Economic Evaluation Programme

Compre’

Other
Dece

H2 generation per unit (kafyr] | 2.52E+08| Edit
|| Heat consumption (Mw/th/unit) 0| Edit
Electricity required (Mwe/unit) 1438(!
Number of units 1[E:s
| Overnight Capital cost{USD /unit) 3.45E+8| Es
Energy usage costlf (USD) 0.00E +0| Edit.
Other 0&M cost(% of capital 4|Ed

= . Decommissioning cost (% of 10 s
08M cost (% of capital cost) capital cost) | cap'
Decommissioning cost (% of i #: Cost to be entered, if eneray is drawn fi id | IAEA
e 0 ; : , gy is drawn from gri - 3
capital cost) i © nadaine International Atomic Energy A gency
HEEP Result %1, Khan For any query regarding this sofwa
= z Pl
Pie Chart T Tabular Display ] " Hydrogen cost details ¢ Thermal energy cost de S Aol r.dmwvfmmhgﬁ. ';":n‘;:"m"uaau Power. IAEA.
g

A

Legend Develsped fer intermailona Atomc Energy Apency by BARC
M Debt [ .02USD (32.49%)]

B Equity [ .026USD [ 42.28%)]

B 0&M [.01USD (16.85%)]

B Consumables [ 0USD [ 0%))

B Decommissioning [ .001USD ( 2.38%)]

B Fuel [.004USD (6] fw'/d new case Fond ‘
|E or evaluation ad existing |
_Help (7) ®

N ,;>_craf?777"f

Conversion

1 uso i ~ uso
_ Update , Currency Database |

o Quit /

Hydrogen Economic Evaluation Programme




HEEP Features

3 HEEP
B84 View Main Page Additional inputs  Help  Exit
M Help (?) 1 ne Help ]
l_ Use 'Real' r&tES Equuty Debt |~ Borrowing | Tax Rate|~ Depreciation - ~Constucton Operah"g View/E dit Go Back :
Discountrate:  [5 % | (%) (%) | interest (%) (%) | period (yrs) @ [ [40 Additional T — Eximcns

j . s r_. I_ | T K E Inputs Update and hydrogen cost
Inflation rate: ’— % LIl store Case

l_ Nuclear Power Plant

v Hydrogen storage

0&M cost (% of capital cost)

Decommissioning cost [% of
capital cost]*

T 5= Hap(] [ HudogemmmesslontntBeras: iop 7] I H ~_Hepp) frFidose ~_Heb() |
v Ise library (‘ Read f'°m libraty™ Jpdate v Use library ¢ Read from fbrary ™ Update r Use library ‘ r Use library

utilty " Create new data 5 ';";P utiity " Create new data DHtZEP utilty | utiity
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APWR 2
HTRKEOD v SIPBR200 ‘
- Locatlon of H2 Generation Plant—— | ~H2 Storage Method ! s Type of H2 Transportation——————————————
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2 = J y ‘ | @ " Wehicle

v Hydrogen lranspoﬂallon
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HEEP Results

= |

W Debt [ 033050 [ 3262%]]
W Equity [ 043050 [ 42.46%]]

Contribution of each plant & facility

B O&M [ 017050 [ 16.52%)]
B Muclear power plant
5,045 [ 31.14%] B Consumables [ OUSD [ 0%]]
u ﬂgﬂg%ﬂ[‘ggg‘;:f“m plart B Decommissioning [ .002U5D | 2.29%)]
B Hydrogen storage @ Fuel [.006USD [ B3]
oUSD [ 0%]
B Hydrogen tranzpartation
0USD [ 0%] ) ) )
Total 7 Cost= 553055 Provides levelised cost of unit energy
in the form of heat and/or electricity
Directly give contribution of each as an output.

plant & facilities in total H2 cost.

NPP components of levelised H2 cost Models the location of H2 generation

A | .
m ot (1 54150 (32557 plant with respect to the nuclear power
B Equity [ 2.1415D [ 42.463)] p|a nt and facilitate

W O&M [ 83050 [ 16.52%]] oy
B Coneumables (105D (0] Facilitates the study of effect of source of
B Decommissioning [ 120SD ( 235%]] electricity/heat energy on the cost of

B Fuel[ 3USD [ 6] hydrogen generation.




Hydregen Economic Evaluation Programme
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Table - 1: Finance details (osing Mominal® mtes)

Table - 4: Hydrogen Generation Plant Defils

H2 generation per unit (kgyT) 11TEHIT
Heat consumption (MWithunif) 170
Eleciricity required (M We umnif) 154
Wumber of umits 1
Orwerniphit Capital cost(L7S0umit) 143E+R
Ensrgy usage cos# (U50) 0O0EH)
Oriber OdM cost(%: of capital cost) 426
Decommissioning cost (% of capital cost) ]
Tahle - 5: Hydrogen Storage Details

Storage capacity (kg) 4 16E+5
Compressor coealing water (Lithr) 5.18E+5
Eleciricity reguirement (KWe) SHTE+S
Orverniphit Capital cost (US0) GATE+T
Compressor operadng cost (U500 DOSE+3
Criber OdcM cost (%% of capial cost) ]
Decommissioning cost (%4 of capital cost) ]

Table - &: Hydrogen Transportation Details
Distance for tranzport (km) 500
COrvernizht Capital cost (USDY) 130E+E
Electricity charges (USD) 0.00EH)
Orther D&M cost (3% of capital cost) 1
Decommissioning cost (%% of capital cost) 1

Disconnt rate e
Inflation rate 1
Equity/Diebt T0% : 30%
Bamowins mierest 10%
T rate 10%
Tahble - 1: Time Period (vears)
Canstraction 5
Crperation 40
Table - 3: Wuclear Power Plant Diefails
Thermal rating (MW thumif) L]
Heat for H2 plani (MW th unit) 1M
Eleciricity ratng (MWeunit) 20309
Number of units 1
Initial foel load (kg umit) T
Anmual foel feed (kgumnif) 1773
Orwernipht Capital cost{L S0 umat) 550E+B
Capifal cost fraction for elecinicity penerating infrastmachore (%3) 21
Fusl cost (U5Dikg) 12842
QM cost (3 of capital cost) joe
Decommissioning cost (%5 of capital cos()* 052

(=]




Tools

HydCalc is a single window calculator to
make rough estimate of the hydrogen
production cost utilizing different
technologies.

HydCalc provides cost value of hydrogen
based on average estimated CO, release.

HydCalc also considers the effect of CO,
tax on the production cost.

HydCalc uses current price estimate
from publications and articles in open
literature.

W HydCalc lo/@ &R

Hydrogen Production Calculator

Select hydrogen production technology: Themo Chemical Water Spitting using S+ using MHR .

Select feedstock price/basis of estimation:

The estimated cost of the hydrogen demand is: |

427, efficiency wth 16.5% CRF -

Enter the amount and unit of hydrogen demand:
6431 kg -

$18 m.zj

Using life cycle assessment the average of CO2 released is: 27653kg

Add CO2 Tax

25 $fonne

The CO2 adjusted estimation cost of hydrogen demand is: [ EiE7ess




performance and cost evaluation
D E E P of various power and seawater

desalination cogeneration configurations.

Full screen

DEEP 5.1

Desalination Economic Evaluation Program
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NPP with NF-MED steam at 92 C and 20 effects with GOR 16
using hot water transformer.

P0WER COET [$/0%h)

94
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JAEA Tool on Nuclear Desalination

DEEP Desalination Economic Evaluation Programme

FLOW SHEET FINANCIAL ANALYSIS

SENSITIVITY ANALYSIS R corcanm

 senstiaty s

Financial Analysis

8.6 0.68 £
-
- N ;
I —
}oo
i 100

Export Figure i cipboard o8 pichee:

Expirt Data 1 clboard as Tabie.

Powerful | &S

Bankable §
financial §
analysis

Modern
User
Interface

sensitivity

anaIySiS I —————

L Eere———e)

:osts of Desalination Plant X
tion Cost a7 [EEL N )
:
Detailed
Reports 3 h ok

Costs of Desalination Piant
MSF__ RO Tctal (M5) _Specifc

Versatile
T scenario
Manager

Energy Cosis

13



IAEA TOOLKIT

Nuclear Desalination

Up-to-date information

Link to IAEA tools

Highlights of IAEA Publications

News on IAEA Activities
Summaries of the TWG-ND

Newsletter on nuclear

desalination

EVALUATING OPTIONS FOR DESALINATION

' . USING NUCLEAR ENERGY
Click on the links to

access the relevant . Lo
information. ‘& W o~
| IAEATOOLS ON NUCLEAR DESALINATION
IAEA PUBLICATIONS O} NUCTE RS
" DESALINATION | New Releasest [
|
IAEA ACTIVITIES ON
NUCLEAR DESALINATION  Updatest
Contact TECHNICAL WORKING GROUP
TWG-ND =
Division of Nuclear Power A Rl
Department of Nuclear Energy

NEWSLETTERS

LATEST NEWS

LAUNCHING NUCLEAR DESALINATION"
PROGRAMME
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models the steam power
cycle of different WCRs
coupled with nonelectrical applications

DE-TOP

Desalination Thermodynamic Optimization Program

o
DE-TOP

IAEA DE-TOP POWER AND DESALINATION : o
Non-Electric Applications

POWER PLANT

Define the power plant (fossil fuel power

MAIN PARAMETERS
Gross Efficiency
Net Efficiency
THERMAL UTILIZATION
Step 2 Heatrate

HEAT RATE
NON ELECTF

PEGERGETLECN  HEAT INPUT

AUXILIARY LOADS

‘—

7,201
7,598

49.9%
47.4%
ar.4%

DUAL PURPOSE _ SINGLE PURPOSE

49.9%

a74% %

7,201
7,598

%38

a7.4%

%

plants or water cooled reactors) from user IR R Gl et inputsteam generator Lm0 Lm0, M)
Heat input reheater (Nuclear) 265 MW(th)

values or predefined cases. Heat input reheater (fossil) - - MW(th)
‘GROSS POWER OUTPUT 515.1 5151 MW(e)
High pressure turbine output 1542 1342 MW

I s ma
Total Mechanical Output 525.6 525.6 Mw

Btu/kWh
ki/kwh

PLANT PERFORMANCE PARAMETERS DUAL PURPOSE _ SINGLE PURPOSE

ILpumping power

Feedwater pump 121 121
Condensate water pump 04 04
Cooling water pump 29 29 DESAUNATION TECHNOLOGY MEDTVC WATER PRODUCTION
Other auxiliary loads 104 104 Max brine Temperature 1s 3
08 2 pom
NET OUTPUT 4893 4893 MW(e) GOR 512 [ 0m3/day
Number of Stages 2 8]
HEAT REJECTED CONDENSER 507 507 MW(th) Cooling water temperature 2 © TOTAL POWER REQUIREMENTS
DESALINATION PLANT CONSUMPTION
Heatto desalination Mw(th)
Power lost due to extraction MW(e) 6.1 MW(e)
UIVE STEAM FLOW 919 w9 kg/s Desal. electric cons. - MW(e)
Live steam to reheater 1014 1014 kgfs Total specific cons. 612 KWh(e)/m3
‘Steam inlet to High Pressure Turbine 3906 31906 kg/s POWER LOST RATIO
High Pressure turbine exhaust 2 a2 kgfs INTERMEDIATE LOOP
Moisture serparator condensate (39.0) (39.0)  ke/s ILhot temperature 1255 ©
Steam inlet to Low Pressure turbine 3162 162 kg/s ILcondenser return temp 17.5 °c #DIV/o!
Low Pressure turbine exhaust 2347 247 kgfs ILmass flow - ke/s




DE-TOP Structure

POWER PLANT INPUT

HEAT POWER
SOURCE CYCLE

Supported Power plant types:

Nuclear power plants
(PWR, PWR, PHWR)

Fossil steam power cycles

"

COGENERATION INPUT

NON
ELECTRIC COUPLING
APP SPECS

NON-ELECTRIC APPLICATION

Desalination, Process heat,
District Heating, etc.

COUPLING CONFIGURATION

Energy requirements and
coupling alternative

RESULTS

REPORT

COMPLETE
REPORT

Power lost

Thermal vutilization
Other significant
parameters

CASE
COMPARISON
Between different

configuration
options



Inputs for the NPP

Main-Input Parameters Advanced-Input Parameters

Final Feedwater temperature [*C] F sat = 23 bar 230

Power Plant Description 28 Fpuwer Plant Descriptio et S|
Select new case or a predefined case from the list below. Predefined cases Select new case or a predefined case from the list below. Predefined cases
can be customized by the user, can be customized by the user,

Select case: INudear Power Plant PWR (1600 MWe) ;I Select case: INudear Power Plant PWR {1000 Mwe) ;I
Main Parameters I Advanced Parameters I Main Parameters  Advanced Parameters I
— Steam Generator — Component effidendes
Thermal Input MW (th]] I 4590 Steam Generator Effidency [%%] I 1 Generator Effidency [%4] I 0.98
Live steam pressure [bar] I 75.6 (" Saturated ¢ Superheated HP turbine Efficiency [%] 0.85 Pump effidency [%] I 0.85
Live steam temperature [5C] 203 T sat = 292 °C Lo e rerE I 0.83
Power plant Auxiliary loads [%] I 0.05
— Reheat
Reheat Type: I Maoisture separator and reheater (Nudear power plant) ;I — Feedwater Preheating Line (Pressures of steam extractions to preheaters)
Pressure (HP Turhine exhaust) [bar] I 11.17 Preheater 1 [bar] I 0,46 Preheater 5 [bar] 11.31
Temperature [C] I 280 Preheater 2 [bar] 1,12 Preheater & [bar] I 29, 1€
Preheater 3 [bar] 1,88 Preheater 7 [bar] I o
— Feedwater line
Preheater 4 [bar] 4,72 Preheater 8 [bar] I o

Mumber feedwater preheaters (induding deaerator)

I ¥ vI
Dezerator position in the feedwater line I 5 vl

— Main cooling condenser

Condensing steam pressure [bar] I 0.05 Calculate |

View complete model

Cancel | Apply Cancel Apply 17




Plant Simulation Pickering CANDU-6 NPP

MNext step

PLANT PERFORMANCE

. POWER PLANT DIAGRAM
Gross efficiency % 34.2%

Net efficiency % 32.5%

Heat rate klfkWh 11,081 .00} 175

Z5EE; 300
40.30; 251

PLANT PERFORMANCE .
HP TURBIME : IP / LP T URBINE

Total heat Input MW(th)  2,069.0 4030 251

........ Rl

Live steam kgfs 496.1

HP turbine output MWW 2231

IPSLP turbine output MW 498 9

Mechanical output MWW TJ22.0 112 | 103

________ i

2552 47

Gross output MW(e) F07.6

Auxiliary loads MW(e) 354

Net output MW (=) 672.2 , . __1;3_5_5,_]3__5_1__

Heat to condenser MW(th) 1,347.0

813 17 G131 1M 473 150 4.73; 150 112 1 103

E4 71 5aE HETEEET OES¥UE4Y BT A4S aE@e TS 4E TR
Cooling water tonfs 641.7 : ' : ' : '

MODIFY POWER PLAMNT PARAMETERS LEGEMND:

Thermal Input [MWth]] 2,063 4 4 Feheat pressure [bar] 9.0 4 [ Feedwater heaters[-] E_ 4k F [bar] : I Tsat [-a: I
Live steam pressure [bar] 403 4|k Feheat temperature [T 230.0 L Condenser pressure [bar] 005 4] # n

Live steamtemperature [C] 2503 4 | Final feedwater temp 'L 1711 4| ¢ more parameters |

18



Inputs for Cogeneration Plant

Desalination

Non-Electric Application

District Heating

MNon-Electric Application

Select new case or a predefined case from the list below. Predefined cases Select new case or a predefined case from the list below. Predefined cases
can be customized by the user. can be customized by the user.

Application: IDesaIinaﬁnn

Desalination I District Heating / Process heat

~| ||| Application: |District Heat

Desalination District Heating f Process heat

Desalination technology: IMED

B

— Operation parameters

District heating temperature to target [C]

— Operation parameters
Desalination plant capadty [m3/day]
Seawater TDS [ppm]

Top brine temperature [*C]

Intermeduate Loop operating pressure [bar]

District heating return temperature [5C]

District heating main line operating pressure [bar]

— Design parameters

District heating main line length [m]

Modify default parameters

Mumber of main lines to target [-]
Main pipeline internal diameter [mm]

Insulation thickness [mm]

Standard thickness |

Modify default parameters




Extraction Point for Cogeneration

Application

COGENERATION PLANT

Net power output [MW (e]] 1,038
Reference plantnetoutput 1,041

Var. s
Water production [m3/d] 8,800
Cogeneration plant eff. 34.8%
Reference plant efficiency 3.0%

DESALINATION PLANT

HP TUREINE

Plant specifications

STEAM

IPf LP T URBIME

GEN

Desslination t2chnalog MED
Maxbrine Temper=ture [*c] &5
Number of effacts [ 11
GOR [ 88
Energy use

Heatto deszlination [ th )] 27.1
Power lostdue to extract [ (= ] 3.0
Deszl.electriccons. I 0.5
Int. Loop electriccons [ (= ] 0.1
Equiv. specificcons. [Kwhie ) m3] 971

COUPLING OPTIMIZATION

Power lost ratio 10.9%
Optimize steam extraction flows for:

Reset E!

SELECT STEAM EXTRACTION PARAMETERS

Current size ‘ Cesign size ‘

Modify Desalination parameters

Heat supply
27 Mwi(th)

Parameters ‘ - 5

Target: 27 Mw[th)

Temp steam
86 °C
Mlin Required: 75.5 T

CHANGE LEGEND
ikitka) (2] mikgt) (<]




Results Report

Project details

Froject fitle
Application
Coupling configuration

ENERGY BALANCE
Thermal input
Gross electrical output
Grogs mechanical cutput
HF Turbine cutput
LP Turbing Cutput
Net electrical output
Additional turbine
Auxiiary loods
Heat rejected through condenser
Heat to desalination plant
Total power lost
Powver lost due to exiraction

Positive effect of condensate upstream
Auxiiary loods decrease (pumps)

Standord PWR Caoss
Thermal Desalination
Bleed from Low Pressure Turbine

Possitive effect of ext steam red downstreanT MW ({=]

MASS BALANCE

Feedwater to Steam Generator
Steam o reheater
Steam to the HP turbine
HPT total preheating bleeds
Exhaust from HP furbine
Mcisture separator condensate
Steam to the LP turbine
LPT total preheating bleeds
Steam tc desalnation
Steam to condenser
Relofive steam to desalnation

Cooling Water

Go to model calculations

REF COGEN SYSTEM EFACIH
MW(th) 3400 3 400 Gross efficienc
1 MW(e) 1199 1180 Net efficiency
MW 1223 1205 Thermal utiisat
AW 464 464
AW 759 740 Plant perfe
MW(e) 1177 1159
Y W () -
TMwie) 222 211
MW(th) 2179 1948
MW(th) 250 4000 4
Y Mw(e) 175
T v e -19.6 2500 4
0.4
T W) 05 2000 4
Twie) 11 e
=
' S 2o -
. kg/s 1833 1833 g
‘kgfs 156 156 EREE
ka/s 1677 1677
“kgfs 202 202 1000 4
“kals 1475 1475
“kgls 200 200 o0
Tka/s 1276 1276
kgls 245 247 |
“kals - 116
Tkgis 1027 913 =
-1 o N%
o
“tonys 37 13

EMERGY BALANCE
Thermal input
Gross electrical ouwtput
Zross mechanical cutput
HF Turbine cutput
LP Turbine Output
Met electrical output
Additicnal turbine
Auxiiary loads
Heat rejected through condenser
Heat to desalination plant
Total power lost
Power lost due to exiraction

Possitive effect of ext steam red downstreant FW (=)

Posifive effect of condensate upstream
Auxiiary loads decrease (pumps)

REF
MW(th) 3 400
TMW(e) 1199
MW 1223
MW 464
MW 758
MW(e) 1177
TMwie) -
TrMwie) 222
MW(th) 2179
MwW(ih) -
T
TMWie) -
TMwie) -
TMwie) -

COGEN

3 400
1180
1205
454
740
1159
211
1948
250
-17.5
-18.4
0.4
0.5
1.1

MASS BALANCE

Feedwater o Steam Generator “ka/s
Steam to reheater h kalfs
Steam to the HP turbine “ka/s
HFT total preheating bleeds Ykafs
Exhaust from HP turbine Ykgls
Moisture separator condensate h kg/fs
Steam fo the LP turbine Y ka/s
LPT fotal preheating bleeds “kafs
Steam to desalnation Y karfs
Steam o condenser h kafs
Relative steam o desalnaticn h [-1]
Cooling Water “ton/s

Go to model calculations

1833
154
1677
202
1475
200
1374
247
1027
0F

37

1833
154
1477
202
1475
200
1274
24z
114
F18
1%

33




IJAEA Tool on Nuclear Water Management

WAMP Water Management Program

WAMP helps in the selection of
cooling systems by evaluating three
different criteria: Water resources,
environmental, economical.

WAMP

Water Management Program
in Nuclear Power Plants

WAMP estimates water

needs in NPPs especially for
water cooled nuclear power 29 | 2w
p I a n t S . CAPITAL (MS) MDPEM\TIMG(M::/w)

WAMP estimates both the
needs for cooling water and
other essential systems.




Define Power Plant Data

De'lineNL-w ase

Case Mame WAMP - k-2

— Nudear Power Plant
Reference Thermal Power 3050 MWt

Reference net effidency I 3 %
Live Steam Temperature

1102 Me

283.:C

Type
% Light Water

" Heavy Water

— Site/\Weather Data
Site Location I Coast 'I
Air Temperature (Dry Bulb) 26.3 og
Hurmidity
65
' Relative Humidity %
21.5 oC
 Air Temperature (Wet Bulb)

Inlet water temperature

R

River flow (if applicable) I 1wn M3fs
Wind speed I 3,45 Mfs

' — Economic Data
Lifetime of the power plant I &0 YEArs

Discount Rate & %

|T$,Mwh
|95 %

N | Levelized cost of Electricity

Power Plant Availability

Select Cooling System

following cooling systems:

In nudear power plants, waste heat has to be dissipated to the envionment via a
cooling system, also known as ulitmate heat sink. Please select one of the

Cooling System Once Through
Once Through
~ ches and
Approacies an Once Through - Cooling Pond
Condenser Appro] Closed loop - Cooling Pond
Wet cooling - Mechanical Draft
Condenser Rangs) et copling - Natural Draft

Dry cooling (Air condenser)
Hybrid - Plume abatement

Cooling Tower Ap

Cydes of concentration (COC) iz defined as the ratio
of the concentration of dissolved solids (i.e., chlorides,
sulfates, etc.) in the redroulating water to the
concentration found in the entering makeup water.
The higher the COC, the lower is the required bleed
rate.

It is reccommended to use a maximum of 3 cydes of
concentration if the water hardness is maore than 200

—

— Cooling Pond Data {only for once through mode)

|1 km2

Cydes of Concentration

Cooling pond size




Summary Results

RESULTS

WATER USEy m3js @ m3Mh
WITHDRAWAL CONSUMPTION

254.76 1.69

COSTS
CAPITAL [MS) OPERATING (M3 /yr)

BASE BASE

ENVIRONMENTAL IMPACT
Visual impact
Impingment I
Plume
Thermal polution NN
Air polution

MODIFY PARAMETERS

Power Plant
Met reference output 1102 MWe < [

Ambient Conditions
Air Temperature
Relative Humidity
Inlet water Temp
Wind Speed

Cooling System
Cycle of Concentration

Steam |

Steam turbine

Condenser

Heat 1958

Rejected: MW

31 °C

Condensate

WAMP

Water Management Program

BEvaporsted @Drft [JDischarge




Water Management Program Case Study: WAMP - k-2
Supporting Systems cooling
Water needs during construction
‘ O r t Excavation 25080 m*
Concrete mixing 95 100 m*
Supply for construction staff 450 800 m® (Peak: 6000 m3/d)
Water Management Program Case Stud
Cooling system analysis Water needs during
Desi iabl Flushing,cleaning etc 25000 m*
esign variables -— : ! .
Cooling system type Once Throu, Drinking water 22540 m (Peak: 300 m3/d)
Cycles of concentration . . " .
Condenser Approach Water needs during operation (except from cooling)
Condenser Range N
Cooling Tower Approach Makeup for Secondary loop 4100 m”/month Demineralized
S Makeup for primary loop 138 ms,-'momh Demineralized
Water Management Program  case study: T avi s Waste Treatment 1736 m¥/month  Fresh Water
Summary of Results WAMP - k-2 PI Condensate Polishing Plant 1188 m/month  Demineralized
Evaporation loss 0. R -
Drift loss 0. Component cooling water make up 361 m*/month Demineralized
Power Plant Specificat Blowdown 7. Fire protection 223 v fmonth Fresh Water
Type Light Water Reactor Cooling system makeup water 77. _ 2
= 4000 . Sanitary and potable 2551 m”
Reactor electric capacity 1102 MWe Total consumption 0. v P m”/manth Fresh Water
Reactor thermal capacity 3060 MWth 3000 . . . .
Reference efficiency 369 Water system inventories during operation
Rejected heat 1958 MWth 2000 B Discharged B
o 50 100 150 Condenser cooling water circuit 0m Fresh water
oo Service water circuit + 7 days storage 0m* Fresh water
° Temperature Profile Fire water circuit - pipes 300 m* Demineralized
) » Fire water circuit - storage 3000 m* Fresh water
Site 0 40 Nuclear systems& component cooling circuit 500 m* Demineralized
Location Coast TG . line circuit 250 m® B .
Dl—\'. bulb tEmpEl’atUl’E 265 :C 30 5 component cooling circur m- Demineralized
Wet bulb Temperature 215 °C g /\ Feed water circuit 1800 m* Demineralized
Relative Humidity 65% g 20 \ S Steam generator secondary side inventory 300 m* Demineralized
Surface water temperature 20 °C E‘ Reactor auxilary circuits 500 m* Demineralized
Rlverflow_ _ 100 m3/s & 10 Spent fuel bay cooling circuit 1700 m* Demineralized
Average wind velocity 3m/s Emergency core cooling circuit (and dump inventc 1900 m* Demineralized
0 T T ! Emergency feed water pools and circuit 1700 m* Demineralized
° ZDDEnad :Mw?DDD 6000 Primary heat transport system 400 m* Demineralized
y of results Moderator system o0 m*
Cooling system Supporting systems
Reclrcula_tlng cooling water 7B.0 m3/s 1.20 m3/s Total Annual Revenues / Profits
Evaporation losses 0.52 m3/s 0.02 m3/s
Blow-down losses 77.44 m3/s 0.01 m3/s Investment Costs BASE MS
Make-up water 77.86 m3/s 0.03 m3/s
Capgimt
Annualized Investment Cost BASE M5 —
Total Operating Costs BASE M °
Total Water needed Total Cost 0.0 MS
During Construction 570 980 mf
During commissioning 47540 m°
During cperation
Condenser cooling (withdrawal) 860334 Million m>/month
Other Supporting systems 10298 m¥/month

Total Water inventory needed

Fresh Water 3000 m
Demineralized water 9550 m




The Tool to enhance Severe Accident Management

The SAMG-D describes the elements necessary to develop a full package of Severe Accident
Management Guidelines (SAMG), which serve to achieve the main goals of severe accident
management at 2 Nuclear Power Plant (NPP). Severe accident managagement is a subset of accident
management as follows:

Accident management is the taking of a set of actions during the evolution of 2 beyond design
basis accident:

(2) To prevent the escalation of the event into a severe accident;

(b) To mitigate the consequences of a severe accident;

(c) To achieve 3 long term safe stable state.

The second aspect of accident management (to mitigate the consequences of 2 severe accident) is
also termed severe accident management. It includes measures to: &/ Read mare

(1) terminate the progress of core damage once it has started,

(2) maintain the integrity of the containment as long as possible and

(3) minimize releases of radioactive material.

See Accident Management, Anticipated Operational Occurrence, Beyond Design Basis Accident,
Design Basis Accident, Operational states, Severe Accident, and Severe Accident Management.

Guidelines that have been developed for the operating staff for managing severe accidents are called Severe Accident Management Guidelines (SAMG).

The SAMG-D is also an education and training tool to help plant staff understand the context of severe accidents and the associated procedures and guidelines. The SAMG-D describes the elements that a full
package of SAMG should encompass to achieve the goals of severs accident management. It is set up to help utilities to select proper SAMG products from the various vendors and implement those at their
plants. The SAMG-D is designed for use with LWRs and PHWRs. The SAMG-D is not designed to independently construct a full SAMG package.

The IAEA Nuclear Power Technology Development Section (NPTDS) developed the SAMG-D also as a contribution to the IAEA Action Plan on Nuclear Safety.

Please, before starting the use of SAMG-D have a look at the DISCIAIMER and the information provided in About.



