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1. INTRODUCTIONS
1.1. BACKGROUND

The Nuclear Fuel Cycle Simulation System (NFCSS) is a scebased computer simulation
tool that can model various nuclear fuel cycle options in various types of nuclear rédotors.
NFCSS is mainly developed for UOX fuel, MOX fuel and ThOX fuel and 7 reactor types
(BWR, PHWR, RBMK, AGR, GCR and WWER) for fuel cycle simulatid®ecently, the
NFCSS has beeextendedor fast reactor fuel cyclemodelling andadded new modules for
decay heat and radaxicity calculations DGR calculation moduleand cost daulation
functionareunderdevelopmentDetailed information and theories involved in the NFCSS are
described IAEATECDOG1864Y and IAEATECDOG 15352

The NFCSS allows users to efficiently and accurately identify the nuclear mineral resources
and technical infrastructure needed for the front end of the nuclear fuel cycle; the amounts of
used fuel, actinide nuclides and hilglvel waste generated for avgn reactor fleet size; and

the impact of introducing recycling of used fuel on mineral resource savings and waste
minimization.

For these assessments, the NFCSS is well optimized in terms of accuracy, simplicity and speed,
and requires only a few input data and parameters for execution. This is possible because a
complex reactor physics analysis is not necessary to run the NFESSohvenience allows

even norspecialists, who do not have engineering/science background, to use the NFCSS for
studies on future nuclear energy scenarios.

Recent statisticsmdicateshatthe NFCSS has been widely used by researchers in national labs
and academia, by industry analysts, energy planners and policy analysts working on nuclear
fuel cycle options. Accordintgp manyfeedbacks from users indicateat there isa need to
developan updatedyuidebookfor beginneés usewho are not familiawith the NFCSS.

The NFCSS website wakeveloped in the past has undergone a ntegbmologicatevampin
the current releas0.

The major changearefollowing.

- Implementation of scenario data input through an exeel

- Implementation of fuel data through an exel;

- I mpl ement ati on oBOCHEHDCamd After eodlidg tldoaudgh an ekcelr
file;

- Addition of fuel libraries for MA containing fugl

- Addition of fuel libraries for MSR reactor (offline reprocessing)

- Implementation of Decay heat and Ratbaicity calculations directly for PWR and
BWR reactor scenarips

- Implementation of Decay heat for Sodium Fast Reactor template excel sheet

- Implementation of DGR size estimation excel template

1.2. OBJECTIVES
Thisdocument s t o provide usero6s guide for beginne

Thisdocuments an addendunto IAEA-TECDOG1864published in 20191]. Thisdocument
is a working document, arl it is officially published.



Thisdocuments located at the NFCSS webpage so that userslownloadit freely.
1.3. SCOPE

This Addendumis intended to demonstrate all stepgquired forthe preparation of a complete
set of input deck to run the NFCSS.

The following limitations should be taken account of:

1 The NFCSS is recommended to use in Internet Explorer, and online access to the
| AE A0 ssitewseeluired,

1 Operation period of nuclear power reactors in the simulation is to 200 years maximum,
as it is the limitation of the NFCSS;

1 Us e gudesfor decay heat and radiotoxicity calculations related to the NFCSS is
included in thigguide book

Us e r 6 sandytemipldtefor calculatingDGR sizing calculationarelocatedin theHelp page
of the NFCSS web pagét{ps://infcis.iaea.org/NFCSS/NFCSSHelp.cshttmyjether with this
User 6s Guide Book for Beginnerds Use of NFCS

1.4. STRUCTURE

Section 2providesan overall explanatiolon all steps and processquired to execute the
NFCSSvia a walkthrougthof a simulation castr UO; fuel cyclein a power reactor

Section 3 providesn example of using the NFCSS for a simulation th@&iumbased fuel
cyclein a power reactor

Section 4orovides an example of using the NFCSS foomplex scenariwith various reactor
types.

Appendix lis intended to explain using MS Excel spreadsheet to ingaoat for analysis. A

working file of the MS Excel spreadsheetitached to thit) s e Guidebooki or Begi nner
Use of NFCSSAppendix Il gives thanathematical model of NFCS&lculations. Appendix

lll give the source terms and alptectivity of the spent fuel at different burn up values
Appendix IV gives the details of benchmarking done for new modules for MA containing fuel,

Fast reactors and Molten salt reactors.


https://infcis.iaea.org/NFCSS/NFCSSHelp.cshtml

2. GETTIGN STARTED : SIMULATION CASE WITH UO2 FUEL CYCLE IN A
POWER REACTOR

2.1. GENERAL

This sectionwalks throughthe whole process of usingFCSSfor UO> fuel cycle in a single
reactortype The logical arrangement of the informatiwould enable thaiserto understanc
the sequence and flow of the systesoreenshots are showander each heading to dep

examplesThewhole process of using the NFCSS can be explainediwéistepsas shownn
Fig.1.

l Sign in to NFCSS I
+
‘ Create New Scenario I
+
Set Scenario Description
* Operation year of NPP
* Set the losses
* Reprocessing condition
1
f l Set Scenario Parameters \
‘ Add Reactor Type I

Select from the Preset Fuel I

l Create New Fuel I

+

k[ Set Scenario Data I /
|

+
Calculate and Results

* Isotopic Composition

* Material Flow

* Decay heat and Radiotoxicity
(PWR/BWR)

FIG.1 Overall steps to use the NFCSS.

2.2. STEP 1: SIGNNG IN TO THE SYSTEM

The NFCSSi$ ocated on an | AEAG6s portal site named
registrationto NUCLEUSis prerequisite(Fig.2).



NUCLEUS information resources

The IAEA's NUCLEUS information resource portal provides access to over 100 scientific, technical
and regulatory resources, including databases, applications, publications and training material. As it
is mainly meant for IAEA counterparts in the government, industry and scientific community,
NUCLEUS hosts a number of resources that require registration. Many sites, however, can be
accessed without a password.

Search catalogue

Accelerator Knowledge Portal ~ S====mmmm ADS Nyclear Data Library

— e

-

This site is a knowledge resource for and by Application Library for Accelerator Driven
the accelerator community. Systems. Application test library in ACE and
MATXS format for ADS neutronics design.

FIG.2 Registerto NUCLEUS

Nucleus . .
Registration

Nucleus

Sign-in

Events

Perth, Australia

ALTA 2023 Conference (organized in
cooperation with the International
Atomic Energy Agency)

Then, on the computer go MFCSS home pager https://infcis.iaea.organd dick [Sign In

button in the top right corner of the page (Fig.3)


file:///C:/Users/AgarwalK/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/34JF1EDC/NFCSS%20home%20page
https://infcis.iaea.org/

3
@'AEA | inecis NFCFDB UDEPO PIEDB NECSS  Youarenotsignedin. ()

Integrated Nuclear Fuel Cycle Information Systems

The INFCIS web site is designed as a “one stop" resource for technical and statistical information SHORTCUTS
about nuclear fuel cycle activities worldwide, as reported to the IAEA. The system includes four NFCFDB Facilities
databases and one computer simulation system published by the IAEA's Nuclear Fuel Cycle and NFCFDB Country Reports

Materials Section in the Division of Nuclear Fuel Cycle and Waste Technology.

World Distribution of Uranium Deposits Database
(UDEPO)

NFCFDB covers civilian nuclear fuel cycle x 7
UDEPO covers uranium deposits around the

world, drawing on reports to IAEA technical
meetings and other sources. It includes
classification of deposits, technical information
about the deposits, detailed geological
information about regions, districts and

facilities around the world. It contains
information on operational and non-operational,
planned, and cancelled facilities. All stages of
nuclear fuel cycle activities are covered, starting
from uranium ore production to spent fuel
storage facilities.

PIEDB is derived from a catalogue of such NFCSS is a scenario-based simulation system to
facilities worldwide that the IAEA issued in the

1990s. It includes a complete survey of the main

estimate long-term nuclear fuel cycle material and
service requirements as well as material arisings.
The code uses simplified approaches to make
estimation.

characteristics of hot cells and their PIE
capabilities.

Please note that data in INFCIS are mainly based on voluntary reports from IAEA Member States, as well as on sources of information published in the public
domain. The scope of coverage is global in nature and includes existing and planned civilian facilities, as well as facilities that are reported as no longer
operational. Please note that while the IAEA strives to complete the databases with the latest and most accurate information from reliable and authoritative
sources, some records may be less than complete and not all countries have reported information. Data is being updated and expanded continuously. If you
have authoritative information sources on any of the records of the databases, please contact the INFCIS Program Officer.

Topics Shortcuts Stay connected
IAEA 2 X

NFCFDB Site Disclaimer v
International Atomic Energy Agency UDEPO Contact us lin}
Vienna International Centre, PO Box 100, A-1400 Vienna, Austria f
Telephone: (+431) 2600-0 PIEDB IAEA.Org
Facsimile: (+431) 2600-7 NFCSS Nucleus
E-mail: Official Mail

Home

©2024 International Atomic Energy Agency (IAEA). All rights reserved.

\ 4

IAEA | nrais NFCFDB UDEPO PIEDB NFCSS  Youarenotsignedin. (®)
Register
¥ Integrated Nuclear Fuel Cycle Information Systems Help
~ -
‘ N ;‘ The NFCFDB web site is designed as a “one stop” resource for technical and statistical information SHOR
= 7. 4§ ~\" about nuclear fuel cycle activities worldwide, as reported to the IAEA. The system includes four NFCFDB Facilities
e databases and one computer simulation system published by the IAEA's Nuclear Fuel Cycle and NFCFDB Country Reports
AN t& Materials Section in the Division of Nuclear Fuel Cycle and Waste Technology.

Nuclear Fuel Cycle Facilities Database (NFCFDB) rn%réc;g)istribution of Uranium Deposits Database

m NFCFDB covers civilian nuclear fuel cycle
I (5FPO covers uranium denasite around the

FIG.3 Step 1:Signingin process.



2.3. STEP 2: CREATING A NEW SCENARIO

A new scenario is created (Fig.4):

(a)
(b)

(€)

{--}lAEA | nFais
j -

MNUCLEAR FUEL CYCLE SIMULATION SYSTEM About Modeling Example Calculation

Click [Scenarioptabto start (Fig.4, 1st);

Click [Create New Scenaliliduttonto create a new scenario (Fig.4, 2nd). Al
confirmation, the NFCSS will create a new scenario and displays the Scenari
for the newly created scenario. Th
Coded6 (Fig.4, 3rd).

If the new scinario is prepared by modifying an existing scenario (for exampl
new scenario is generated by a modification of existing PWR tutorial scenario
copy button (Fig.4, 4th). After a confirmation dialog, the NFCS§stipe selectel
tutorial scenario with all the daf&ig.5). Note that the isotopic composition a
material flow results are not copied. Calculations must be done for the |
created scenario after changing the data if necessary.

MFCFDB UDEPO PIEDE NFCSS  USERNAME B} @

Scenarios

Help References

About NFCSS

N e el e 8 -
4

&)
‘zl__;'AEA | mrcis NFCFDB UDEPO PIEDB NFCSS  USERNAME {8 (©)
NUCLEAR FUEL CYCLE SIMULATION SYSTEM About Modeling Example Calculation Scenarios Help References

Scenario List | FuelList | Reactor List

List of Available NFCSS Scenarios for User: your USERNAME

CREATE NEW SCENARIO Q

Scenario Code Scenario Explanation Command
LMFR Test Fast Reactor Implementation in NFCSS rﬁ

NFCSS Tuterial Tutorial Senario for NFCSS ’—n

\ 4

List of Available NFCSS Scenarios for User: vourusername

CREATE NEW SCENARIO Q

Scenario Code Scenario E  lanation Command

Scenarios perpage 10 ¥  31-310f 31 1< <

\ 4



Scenario List | Fuel List

NFCSS Scenario Page

RESET FORM SAVE SCENARIO DATA

o Type

tandard

Los richm Vo

0 01

0

0
{5&0) s
WY IAEA | inFais NECE( DEPO  PIE NECSS username & @
NUCLEAR FUEL CYCLE SIMULATION SYSTEM About Modeling Example Calculation Scenarios Help Reference

Scenario List

List of Available NFCSS Scenarios for User: YOUR USERNAME

CREATE NEW SCENARIO Q

Scenario Code Scenario Explanation Command
LMFR Test Fast Reactor Implementation in NFCSS M

NFCSS Tutoria Tutorial Senario for NFCSS T

PWR Tutorial 1000 MWe LWR

REVISED LMFR TEST Fast Reactor Implementation in NFCSS with revised fuel compositions data fa

RES NFCSS TUTORIAL Tutorial Scenario for NFCSS with revised fuel compositions [

Fast Reactor Implementation in NFCSS 5]

FIG.4 Step 2: Scenario creation process
2.4 STEP 3: SETTING SCENARIO DESCRIPTION

This step is to select reactor types which are included in the NFCSS library or to define new
reactor types by fuel type and fuel parameters forghaetor. The NFCSS currently focusses

on 7 commercial reactor types: PWR, BWR, PHWR, RBMK, GCR, AGR and WWER. F

(or FR)canbealso modelled in the NFCSS in a limited wae mathematicahodelsof the
simulation calculationare given in APPENDIXI.

After creating a new scenario in Step 2,

(@) First enter your details for feedback for usetistias for the Agency. Therenter
the general scenario descriptidata. The explanation of each input parameter and
the possible options are (corresponding numbers are shown in Fig.5, 1st):



(1) Scenario Code: The identification code of the scenario. The text can be entered
freely in this field up to 50 characters.

(2) Scenario Explanation: The explanatory information about the scenario. This
field is a free text field of any length.

(3) Scenario Reference: The source(s) of information which is used to define the
scenario, if any. For example, the user can use IAEA Nuclear Power Estimates
(*) to analyse the worldwide situation inthe futdles er can al so | AE
database ( www.pris.iaea.org/prighis is a free text field with any length. (*:
2022 edition is shown in:

https://www.iaea.org/publications/15211/nuclgawerreactorsin-the-
world)

(4) Start Year: Beginning of the scenario period. The data should be entered in
integer format.

(5) End Year: End of scenario period. The data must be entered in integer format.
Note that the start and end year difference defined in the scenario must be not
greater than 200 years

(6) Loss in Conversion Facility (%), Loss in Enrichment Facility (%), Loss in
Fabrication Facility (%), Loss in Reprocessing Facility (%): Loss coefficients
at steps in the nuclear fuel cycle. The loss is given in percent. The material loss
is calculated at #hbeginning of the step and remains unchanged for the rest of
the calculationlf the scemrio data does not match, a warning message will be
promptedFig.6).

(7) Volume of HLW Generated in Reprocessing: The volume of the-leig
waste generated during the reprocessing of spent fuel per tonne Heavy Metal of
reprocessed spent fuelhese are assumedalues from experience of
reprocessingndcan be changed lifie user

(8) Volume of LLW Generated in Reprocessing: The volume of thdéwel waste
generated during the reprocessing of spent fuel per tonne Heavy Metal of
reprocessed spent fuelhese are assumedalues from experience of
reprocessing and can be changedheuser

(b) Second, click [Save Description] button at the upper right location of Scenario Page

(Fig.5, 2nd).

(c) Third, go back to [Scenario List] tab and check whether it is saved properly (Fig.5,
3rd).



https://www.iaea.org/publications/15211/nuclear-power-reactors-in-the-world
https://www.iaea.org/publications/15211/nuclear-power-reactors-in-the-world

NFCSS Scenario Page

I RESET FORM J ‘ SAVE SCENARIO DATA |

Scenario Reference @

Scenario Code* @ Scenario Explanation

Scenario Type

Standard

Start Year® @ End Year*

Other Scenario Characteristics

Loss in Conversion Facility (%)* Volume of HLW Generated in Reprocessing (m3/tHM)*
0 035
Loss in Enrichment Facility (%)* Volume of LLW Generated in Reprocessing (m3/tHM)*
0 0.15

@0 O ©

Loss in Fabrication Facility (%)*

: ©®©
Loss in Reprocessing Facility (%)*

0

NFCSS Scenario Page

RESET FORM l [ SAVE SCENARIO DATA

Scenario Code® Scenario Explanation
MSR CASE 2 Trial for MSR Scenario Reference
Scenario Type

Standard

Start Year* End Year*

2020 2080

Other Scenario Characteristics

Loss in Conversion Facility (%)™ Volume of HIW Generated in Reprocessing (m3/tHM)™

0 0.15

Loss in Enrichment Facility (3%)* Volume of LLW Generated in Reprocessing (m3/tHM)*

0 035

Loss in Fabrication Facility (%)

o]

Loss in Reprocessing Facility (%)*

o]

| FuelList | Reactor List

NFCSS Scenario Page

RESET FORM ] I SAVE SCENARIO DATA

Scenario Code™ Scenario Explanation

MSR CASE 2 Trial for MSR Scenario Reference
Scenaric Type

Standard

Start Year® End Year®

2020 2080

Other Scenario Characteristics

Loss in Conversion Facility (%)* Volume of HLW Generated in Reprocessing (m3/tHM)*
0 0.15
Loss in Enrichment Facility (%)* Volume of LLW Generated in Reprocessing (m3/tHM)*
0 0.35

Loss in Fabrication Facility (%)*

0

Loss in Reprocessing Facility (%)~

0

FIG.5 SubStepl-3: Scenario description.



NFCSS Scenario Page

[ RESET FORM I I SAVE SCENARIO DATA ‘

Scenario Code®
TEST Scenario Explanation Scenario Reference

Scenario Type

Standard

‘ Start Year* ‘ ‘ End Year® ‘

Start Year is required! End Year is required

Other Scenario Characteristics

Volume of HLW Generated in Reproce: (m3/tHM)*

‘ 0.15
0
)

ssing

Volume of LLW Generated in Reprocessi
0.35

ing (m3/tHM)*

FIG.6 Warning for mismatch iscenario period.

The user can export whole scenario data to Microsoft Excel to locally store the scenario data
andresults owork on it in Microsoft ExcelTo export scenario description including all the
data to Microsoft Exce[Export to Excdlbutton is used (Fig@).

NFCSS Scenario Page

SCENARIO CODE SCENARIO PARAMETERS CALCULATION AND RESULTS

Scenario Period: 2020 - 2080 Export to Excel

Save Description | Reset Form

Scenario Code* — Scenario Explanation

MSR CASE 2 Trial for MSR Scenario Reference
Scenario Type

Standard

Start Year® End Year™

2020 2080

Other Scenario Characteristics

Loss in Conversion Facility (%) Volume of HLW Generated in Reprocessing (m3/tHM)*
0.1 0.15

Loss in Enrichment Facility (%)* Volume of LLW Generated in Reprocessing (m3/tHM)*
0.1 0.35

Loss in Fabrication Facility (%)*

0.1

Loss in Reprocessing Facility (%)"

0.1

FIG.7 Export scenario data to Excel spreadsheet.

New Scenario will be shown in the bottom of the (5g.8).
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Selected Scenario (14422)

SCENARIO PARAMETERS

NFCSS Scenario Page

SCENARIO CODE CALCULATION AMND RESULTS

Scenario Period: 2020 - 2080

Scenario Code™

Lode aric Explanation
MSR CASE 2

Trial for MSR

Scenario Type

Standard
Start Year* End Ye
202 2080
Loss Ve
0.1 0.15
il & slume o C} Reg 9 H
1 1,35
Loss in Fab a
0.1
5% in Reprocessing Facility

List of Available NFCSS Scenarios for User:

Q

CREATE NEW SCENARIO

Scenario Code Scenario Explanation

PWR - LEU+TH Overall mass flow comparison
URAM PWR For conference paper

URAM MOX For conference paper

MSR For Trial

MSR Case 2 Trial

FBRIN WITH BLANKETS Fast reactors

China Fleets SF of China
projected overall China Fleets SF of China
MSR CASE 2 Trial for MSR

Scenarios per

Export to Excel

Reset Form

YOUR USERNAME

Command

®

®
®
®
®
®
®
®
®

m = = = m m

page 10 ~ 21-29 of 29 1<

FI1G.8 Confirmation of new scenario.

2.4. STEP 4: SETTING SCENARIO PARAMETERS

This step is to select reactor types whichiaotuded in the NFCSS library or to define new
reactor types by fuel type and fuel parameters for the reactor. The NFCSS currently focusses
on 7 commercial reactor types: PWR, BWR, PHWR, RBMK, GCR, AGR and WWER. FBR
(or FR)and MSR (offline reprocessinggan be also modelled in the NFCSS in a limited ,way

details of which are given in TECDG{864 a n d
progress)

O0Amendment1864 cn( TECDC
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2.4.1. General procedure for Step 4
Scenario parameters are provided as follows 9Fig.

(@) Click [ScenarioParameteistab to specify reactor, fuel types and data for the
scenario parameters for each of the reactor and fuel type;

(b) Click [Add Reactor Type] button to add new reactor type to the scenario;

(c) Select [Fuel Type 1] and [Fuel Type Rjitial Core Fissile Contentis mandatory.
One remark here is that selection of the fuel type is possible only from thébuilt
library of the NFCSS at this point, and if the user wants to use new fuel (not in the
fuel list), seeSection 2.4.2

(d) Click the dropdown box of each item in isotopic composition. Generally, the
ficalculated option is selectedlhe userlso caruse excel template to customize
isotope compositions all 3 staged (Initial content, depletion and Decay) by
choosing dProvided option, as shown irFig.10. Any combination o6 Pr ovi de d 6
option can be usedbr all 3 stagesThis feature allows user to have ddifferent
for all years and calculated from other caddse predence of scenario calculation
will be given to theprovideddataover calculatedoption which takes data from
fuel initial composition common for all years

(e) Click [Save] button (rightmost button of the above screen).

12



Scenario List | FuelList | ReactorList | Selected Scenario (14432)

NFCSS Scenario Page

SCENARIO CODE ~ SCENARIO PARAMETERS  CALCULATION AND RESULTS

Scenario Period: 2020 - 2080 I

Reactor Type 0 Fuel Type 1 0 Fuel Type 2 g

There is no reactor type selected for this scenario!

ADD REACTOR TYPE

Command

\ 4

Scenario List | FuelList | ReactorList | Selected Scenario (14432)

NFCSS Scenario Page

SCENARIO CODE  SCENARIO PARAMETERS  CALCULATION AND RESULTS

Scenario Period: 2020 - 2080

ADD REACTOR TYPE

Reactor Type 0 Fuel Type 1 e Fuel Type 2 0 Command
There is no reactor type selected for this scenario!
.
NFCSS Scenario Page
SCENARIO CODE SCENARIO PARAMETERS  CALCULATION AND RESULTS
Scenario Period: 2020 - 2080
Reactor Type 0 Fuel Type 1 0 Fuel Type 2 0 Command
PWR PWR UOX 1 REVISED PWR MOX-1 & 8 7/
Reactor Type* RepU Use* Nat Equivalence Ratio®
PWR Yes ct name the type of the - 1
Fuel Type 2 from fuel library.
Fuel Type 1 Fuel Type 2 Initial Core Fissile Content (%)*
PWR UOX 1 - [PWR MOX 1 | ~ 75
Isotopic Composition
Initial Content™ Initial Content™
Calculated v Calculated v
Depletion* Depletion*
Calculated - Calculated v
Decay* Decay*™
Calculated DO NOT forget to save before Calculated - The “Calculated’ option is generally selected;
moving to other steps selecting the 'Provided' option allows the user to
g customize the input of isotopic compositions in
all 3 stages.
RESET CANCEL

[ SAVE CHANGES

FIG.9 Step 4: Scenario parameters.
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NFCSS Scenario Page

SCENARIO CODE ~ SCENARIO PARAMETERS | CALCULATION AND RESULTS

Scenario Period: 2020 - 2080 ] Make All IC Calculations

Reactor Type Fuel Type 1 Fuel Type 2 Material Flow Deacy Heat

PWR1 PWR UOX 1 3] F o] Il Warning 1!

Radiotoxicity

11 Warning !!

Calculate Overall Material Flow I H - m[ m

NFCSS Isotopic Composition Result

ReactorType: PWR1 SAVE DATA Import Export to Excel
Fuel: PWR UOX 1

Neutron Flux: 0 (n/(cm2.s))

BEGINNING OF CYCLE END OF CYCLE AFTER COOLING

DataYear Enrichment Burnup U235 U236 u23s Np237 Pu238 Pu239 Pu240 Pu241 Pu242

I

Am241

Am242m Am24:

There is no record

4

NFCSS Isotopic Composition Result

Export to Excel

ReactorType: PWR1 Import
Fuel: PWR UOX 1

Neutron Flux: 0 (n/(cm2.s))

BEGINNING OF CYCLE  END OF L . "
Import and update existing Isotopic Composition from excel

DataYear Enrichment Burnup 1242

Am241

Am242m Am24:

There is no record

Use the o prepare the data to upload Isotopic Composition

Al
i

L L i

| Click here to download the Excel template |

Click here to upload the filled Excel file
CANCEL

¥
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A ® o o € r o » | J ® L M [ a n )
Jata¥ead 023 | 23% | weas | wp2a7 | Pu2as | Puzan | Pu2is | Puzen | Puezez | Ameir im2izm Am243 | Cm2ez | cm2ad | Paz33 | vean | weas | eeaz

The user can fill in the isotope content values for all 3
stages(Beginning of cycle, End of cycle, After cooling).

Beginning of Cycde End of Cycle After Cooling

FIG.100Optiomal: St eps t o us e forRsing excettempl&ta qustomizeoisotdpe

compositions.

2.4.2. Creating a newfuel type

In addition to the selection of the fuel type from the builibrary of the NFCSS, the user can
add their own fuel types to theel list. Fuel types added by the user will only be available to
the creator of the specific fuel tygerocedures are as follows:

(@)
(b)

()
(d)

()

Click [Fuel Lis{ tabto see the buiin library of fuel type(FIG.11A 1s);

If the user wisksto copy one of the existing fuel types from the list to create a new
fuel type, copy and latenodify the data for the newly created fuel type forrniegv
scenario. ClickCopy] buttonin the command column of the fuel list table to copy
(FIG.11A 2nd;

New copied fuebr newly crease fuelill appearatthe bottom of the listIG.11A

3rd);

In the above (b), if the user wantscteate drandnew fuel typedick [Create New

Fuel buttonto create a new fuel type and to add it to the libr&itys(11B). The

newly created fuel type will be displayed at the end of the list. The user then goes
to the fuel data page to define the details of the new fuel type by clicking on the
name of the new fuel type;

By clicking on the name of the fuel type, open the fuel data page for the selected
fuel type E1G.12A). Users caralsoenter fuel properties and cressctions directly

or import crosssections using an Excel templak®.13.
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& JIAEA | inecis NFCFDB UDEPO PIEDB NFCSS ~ USERNAME {8 ©

NUCLEAR FUEL CYCLE SIMULATION SYSTEM About Modeling Example Calculation Scenarios Help References

Scenario List || Fuel List ]| Reactor List

List of Available NFCSS Fuel for User: YOUR USERNAME

2
Fuel Id Fuel Type Owner Command
1 PWR UOX 1 System ®
2 PWR MOX 1 System &
3 PWR UOX 2 System ®
4 PWR UOX 3 System ®
5 BWR UOX 1 System ®
6 BWR MOX 1 System ™

4

List of Available NFCSS Fuel for User: YOUR USERNAME

CREATE NEW FUEL Q

Fuel Id Fuel Type Owner Command
PWR UOX 1 System B
PWR MOX 1 System
PWR UQOX 2 System b
PWR UOX 3 System B
BWR UOX 1 System B

BWR MOX 1 System B

1
2
3
4
5]
6
CREATE NEW FUEL Q

Fuel Id Fuel Type Owner Command
5528 PHWR - CHINA USERNAME Ii
| New fuel appears to the |
5531 MSR Pu-Th bottom of the list USERNAME B
v
5539 I New Fuel | USERNAME B
Fuels per page 10 ~ 51-53 of 53 I< <

FIG.11ACreating of a new fudby copying an existing fuel case).
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(L—»’_‘}IAEA | nFais NFCFDB UDEPO PIEDB NFCSS ~ USERNAME {8 (©)

NUCLEAR FUEL CYCLE SIMULATION SYSTEM About Modeling Example Calculation Scenarios Help References

Scenario List | FuelList | Reactor List

List of Available NFCSS Fuel for User: YOUR USERNAME

a
Fuel Id I Fuel Type Owner Command
1 PWR UOX 1 System ®
2 PWR MOX 1 System ®
3 PWR UOX 2 System &
4 PWR UOX 3 System ®
5 BWR UOX 1 System ®
6 BWR MOX 1 System ®

FIG.11B Creating a branehew fuel case.

Scenario List | FuelList | Reactor List

N FCSS Fuel Pag e | DO NOT forget to save before moving to other stops

RESET FORM DELETE FUEL SAVE FUEL DATA

Name your own fuel type and set each parameters can be fully
tailored to meet specific requirements PWR-MOX-new is an

FUEL CHARACTERISTICS CROSS SECTIONS example.
Fuel Characteristics Fuel Initial Contents (*) (% Mass)
Fuel Type Code™ w235~
UOX4 [7] 4
Fuel Type* B
U Fuel - 0 '
ua3g*
Reference Enrichment®
96
4 % [7]
Power Density™
37.5 kW/kg (7]
Conversion Type*
UF6 - (2]
Cooling Time"
6 @
Manufacturing Time"
1 yr (7]
Reprocessing Time™ .
1 yr (7]
Fuel Type Description 0
PWR UOX Fuel from ORIGEN Library []

FIG.12A Editing fuel data page.

NB: There are three fuel types inNFCSSlibrary, U Fuel, U-Pu (MOX) Fuel, and Free
Content fuel. For U- Fuel and Free Content, he sum of fuel initial content percentage

17



(mass) should be exactly 100For U-Pu Fuel, the sum ofPu nuclide vectors percentage
(mass)should be exactly 10@nd only U235 % is to be given

QDI n the case of AU Fuel , 0 (B235) thenra83Bisi nput
internally calculated as [10@&nrichment].

21 n t he -<®ale@X)fa t,luseld mustinpyebo Total Pu enrichmeihtthe isotopic
composition of Pu (Pwector), and [%U235] in [U235+U238]. Each nuclide fraction is
internally calculated based on thésputs(FIG.12B).

Of course, users can uderee conteritinput for MOX fuel, which is showin (3).

Fuel Characteristics Fuel Initial Contents (*) (% Mass)

Fuel Type Code” Sum of all U vectors must be equal to 100.
PWR MOX 1 @

o —%U235] in [U235 +U238] must be entered.
eference Enrichment™ | @ U (U238 is internally calculated.)
:,... .,“,“,",“,“,“,",“,“,“,",“.““""‘:’ ‘o O**‘J Fa s E R RN EE R EEE N EEIEEEEEEITEEIEEEEAEITEEIEATERAEIREEIEESERSEIAEEIERREREIIAIRERL
- i [%Total Pu]in [U + Pu]. !
'ower Density™ — i siisnsnssiassissnsnisinssisnsnssssansnisaaaiiansy
375 KWikg | @
(7] 12652778 Each Pu fraction in %. |
i Tt Pu239* i :
7&‘ o yr [2) 60.104862 Total must be 100.
Manufacturing Time” 21.629862
1 yr @ Pu241*
1.7
Reprocessing Time™ poan e
1 yr @ 5.-2__
FIG.12B Input forii UPu(MOX)fu e | 0o
(3)Inthecasedl F rcententfueldo, t he sum of fuel i nmustbea | c on

exactly 10Q0because NFCSS does not check it.

Thorium fuel i' s handl ed undesrh cdulrde eb eC osnet | eenct tHe
from the drop list.

Uranium fuel is usually set to Fuel Type 1Ru fuel is usually set to fuel type 2. Free content
is used for Thorium based fueMA containing fue$, and any fuels specified by users

AType of conversiono i s neiswsaddoaannchet foel @ nuf ac
is typically used for PHWR fuelsind U Metal is used for GCR fuels.

18



Scenario List

Fuel List Reactor List

FUEL CHARACTERISTICS  CROSS SECTIONS

Nuclide

v23s

v23s

v23s

Np237

Bu-Average Fission Cross_Section (barn)

FUEL CHARACTERISTICS  CROSS SECTIONS

NFCSS Fuel Page

Bu-Average Capture Cross_Section (barn)

4

I IMPORT CROSS SECTIONS | RESET FORM SAVE FUEL DATA

|

Bu-Average n2n Cross_Section (barn)

Nuclide Bu-Average Fission Cross_Section (barn) Bu-Average Capture Cross_Section (barn) Bu-Average n2n Cross_Section (barn)

uass [ o 0 ‘

u236 0

v23s | 0 0 ‘

Np237 0 ‘

Pu238 | 0 o ‘

Import and update existing Fuel Cross Sections from excel
Pu239 0 | Click here to download the template 7
Use the Tenﬂ?a'te to prepare the data to upload Fuel Cross Sections E
bz | 0 Refer the first sheet in template for guidance
| Click here to upload your completed file

Pu241 0

Am242m 0 1 0 ‘
4 A B D
1
2 |u23s 1.967000 0.569600 0.001323
3 |u2ze 0.092750 0.507600 0.000825
4 v 0.042390 0.298 Using this template, you can p21]
3 No2i7 9.322500 L899 Upload and create new fuel o
6 |Pu238 1.086000 0.670 P oo PEE]
5 [— 1842000 0549 Cross section in the system 358]
8 |Pu240 0.361700 0.587400 0.000410
9 |Pu241 2.588000 0.497300 0.001454
10 |Pu242 0.259800 0.493100 0.000699
11 |[Am241 0.270000 1.607000 0.000131
12 |Am242m 3.251000 0.450700 0.000629
13 |Am243 0.196600 0.082350 0.000394
14 \cm242 0.690300 0.855100 0.000105
15 |€m244 0.463800 0.676600 0.000244
16 |Th232 0.270600 0.542800 0.006998
17 |Pa233 0.034810 0.809900 0.001154
18 u233 2.812000 0.277100 0.000202
19 u234 0.315900 0.625100 0.000292
an

FIG.13Import of crossectiors data using Excel template
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2.4.3. Setting scenario data

First, dick button to edit the scenario parameters data for each the reactor types and
associated fuel typd&1G.14).

NFCSS Scenario Page

SCENARIO CODE SCENARIO PARAMETERS  CALCULATION AND RESULTS PRESS THESE BUTTONS: It
enables you to set plant’s

related power, capacity,

Scenario Period: 2020 - 2120 enrichment ratio, loading \}r, o A cTOR TYPE
ratio of fuel type 2,

reprocessing condition.
Reactor Type 0 Fuel Type 1 0 Fuel Type 2 0 Command g

PWR2 UOX4 PWR MOX4 " V4

FIG.14 Editing scenario parameter values.

Please enter the data manually in the first and second row and use the copy row function for
filling other rows. The Net Total Capacity column need not be filled in as the system will
automaticallycalculate and fill the column after saving the d&tBG.15A shows all the steps

for entering scenario parametetJsers can also use the EXCEL template form to fill in the
input sceariodatg &ter uploading the file, the system will automatically fill in the form on the
page andthe specific steps arbewnin FIG.15B FIG.16shows the warning message for any
mismatch of scenario data.

NFCSS Scenario Data Page

ReactorType: PWR Scenario Period: 1597 - 2050 l IMPORT SCENARIO DATA } I RESET FORM } | SAVE DATA SET
GENERAL CHARACTERISTICS FUEL TYPE 1 FUEL TYPE 2 FUEL CYCLE INITIAL VALUES
Added Removed Net Total Fuel Type 2
) ) B Efficiency Load Factor Tails Assay Residence Time
Data Year Capacity Capacity Capacity Share
) el [ESIN] el - tyea) 1,
mwe 1, mwe) |, mawe) g, el
© B 1997 | 326 0 0 33 80 0.3 30 4
© | 1992 | o 0 0 33 80 0.3 30 4
©F 1993 | o 0 0 33 80 0.3 30 4
© B 1994 o 0 0 33 80 0.3 20 4
©F 1995 |o 0 0 33 30 03 30 4
© F 199 | ¢ 0 0 33 20 0.3 30 4
© B 1997 |o 0 0 33 80 0.3 30 4
© R 1998 | o 0 0 33 80 03 30 4
© g 1999 0 0 0 33 80 0.3 30 4

20



User can also use the EXCEL template 10
prepare the data to upload Scenario Data

NFCSS Scenario Data Page

ReactorType: PWR Scenario Period: 1991 - 2050 “ IMPORT SCENARIO DATA |H RESET FORM | [ SAVE DATA SET
GENERAL CHARACTERISTICS FUEL TYPE 1 FUEL TYPE 2 FUEL CYCLE INITIAL VALUES
Added Removed Net Total Fuel Type 2
Efficiency Load Factor Tails Assay uelype Residence Time
Data Year Capacity Capacity Capacity Share
e 1l el el yean gl
enable you to copy the
f_pore
O[8 " 326 | |o Lo 33 | &0 oz | [ | |4 |
© F 1902 ‘ 0 ‘ | 0 | 0 ‘ 33 | 80 ‘ 03 | 30 ‘ 4 |
661993‘0 ‘ |0 | 0 ‘33 |50 ‘03 | ‘30 ‘ 4 |
© § 1994 ‘ 0 ‘ | 0 | 0 ‘ 33 | 80 ‘ 03 | 30 ‘ 4 |
© [§ 1995 [0 ‘ |o | 0 ’33 ’ao [0.3 | ‘30 } a |
© [§ 199 ‘ 0 ‘ | 0 | 0 ‘ 33 | 80 ‘ 03 | 30 ‘ 4 |
O [ 1997 ‘o ‘ |o | 0 ‘33 |50 ‘0.3 | ‘30 ‘ 4 |
© g 1998 ‘ 0 ‘ | 0 | 0 ‘ 33 | 80 ‘ 03 | 30 ‘ a4 |
© [ 199 ‘o ‘ |o | 0 ‘33 |ao ‘0.3 | \30 ‘ 4 |

J

NFCSS Scenario Data Page

ReactorType: PWR Scenario Period: 1991 - 2050 | IMPORT SCENARIO DATA ] [ RESET FORM I [ SAVE DATA SET
GENERAL CHARACTERISTICS FUEL TYPE 2 FUEL CYCLE INITIAL VALUES
Enrichment Discharge Burnup Reprocessing Ratio
Data Year [N @worn 1l e 1l
- [ r NE |
1992 4 . | 45 | | 0 |
1993 4 | 45 | | 0 |
[ e BE )
1995 4 | 45 | | 0 |
.. [ B |
1997 4 | 45 | | 0 |
o E NE )
- [ r NE |




NFCSS Scenario Data Page

ReaclorType: PWR Scenarlo Parlad: 1931 - 2050 [ IMPORT SCENARIO DATA l [ RESET FORM l I SAVE DATA SET

GENERAL CHARACTERISTICS FUEL TYPE 1 FUEL CYCLE INITIAL VALUES

Data Year Enrichment 2f | Discharge Burnup 2f Gwost Reprocessing Ratio 2f
w 1h w 1l e il

1991 7 45 100

1992 7 45 100

1993 7 45 100

1994 7 45 100

1995 7 45 100

1996 7 45 100

1997 7 45 100

1998 7 45 100

1999 7 45 100

4

NFCSS Scenario Data Page

ReactorType: PWR Scenario Period: 1991 - 2050 [ IMPORT SCENARIO DATA l [ RESET FORM l [ SAVE DATA SET
GENERAL CHARACTERISTICS FUEL TYPE 1 FUEL TYPE 2 F INITIAL VALUES
NatU Conversion Enrichment Fabrication Reprocessing Fabricatit Rep ing
Data Capacity Capacity Capacity Capacity Capacity Capacity 2f Capacity 2f
Year [CCLONT asmy gl mrswuy g, anm g, ann) g, aHm ], wHv) g,
1991 0 0 0 0 1000 0 1000
1992 [} 0 0 0 1000 0 1000
1993 0 0 0 0 1000 0 1000
1994 0 0 0 0 1000 0 1000
1995 [} 0 0 0 1000 Q 1000
1996 0 0 0 0 1000 0 1000
1997 o 0 0 0 1000 0 1000
1998 0 0 0 0 1000 0 1000
1999 0 0 0 0 1000 [} 1000

NB: Nat U capacity, Conversion capacity, enrichment capacity, fabrication capacity and
fabrication capacity 2F are not functionaltemporarily. As for reprocessing capacity, it is
recommended to input a large enoughalue. If this value is smaller than discharged fuel
amount, spent fuels are reprocessed within that capacity
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ReactorType: PWR

GENERAL CHARACTERISTICS

Initial Value Type

Initial Reactor Power (MWe) :

Initial Rep. Pu Stock (t HM) :

Initial SF Stock - Fuel Type 1
(t HM) :

Initial SF Stock - Fuel Type 2
tHM) :

4

NFCSS Scenario Data Page

Scenario Period: 1991 - 2050 I IMPORT SCENARIO DATA ] I RESET FORM I l SAVE DATA SET

FUEL TYPE 1 FUEL TYPE 2 FUEL CYCLE INITIAL VALUES
Insertion
Initial Value Explanation
Year
<1 The total power of reactors which are operational in equilibrium conditions at the beginning
0 i/ of the scenario period.
0 WA The total amount of Reprocessed Pu which is available for recycling at the beginning of
scenario period.
0 NA The total amount of spent fuel (fuel type 1) which is ready for reprocessing at the beginning
of the scenario period.
0 WA The total amount of spent fuel (fuel type 2) which is ready for reprocessing at the beginning

of the scenario period.

ReactorType: PWR

GENERAL CHARACTERISTICS

Initial Value Type

Initial Reactor Power (MWe) :

Initial Rep. Pu Stock (t HM) :

Initial SF Stock - Fuel Type 1
{t HM) =

Initial SF Stock - Fuel Type 2
(t HM) :

ReactorType: PWR

NB: Fill in these values if applicable otherwise 0 is default value.

4

NFCSS Scenario Data Page

Scenario Period: 1991 - 2050

I IMPORT SCENARIO DATA ] [ RESET FORM ]” SAVE DATA SET ”

[

FUEL TYPE 1 FUEL TYPE 2 FUEL CYCLE INITIAL VALUES
Insertion
Initial Value Explanation
Year
N/A The total power of reactors which are operational in equilibrium conditions at the beginning
0 of the scenario period.
0 N/A The total amount of Reprocessed Pu which is available for recycling at the beginning of
scenario period.
0 /A The total amount of spent fuel (fuel type 1) which is ready for reprocessing at the beginning
of the scenario period.
0 A The total amount of spent fuel (fuel type 2) which is ready for reprocessing at the beginning

of the scenario period

FIG.15AScenario parameters steps

NFCSS Scenario Data Page

Scenario Period: 1991 - 2050

‘l IMPORT SCENARIO DATA ][ RESET FORM I I SAVE DATA SET

GENERAL CHARACTERISTICS

Added
Data Year Capacity
Mwe) g,
© B 1991 0
© B 1992 0
© B 1993 0
©E 19 o
Q B 1995 0
© g 19% 0
Q g 1997 0
© B 1998 0
OB 199 o

FUEL TYPE 1 FUEL TYPE 2 FUEL CYCLE INITIAL VALUES

Removed Net Total . . Fuel Type 2 . N
N N Efficiency Load Factor Tails Assay Residence Time

Capacity Capacity Share
o ql, awo 4, ol el o gl & 1l ean) |,

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0
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NFCSS Scenario Data Page

ReactorType: PWR Scenario Period: 1991 - 2050 ’ IMPORT SCENARIO DATA } | RESET FORM ] [ SAVE DATA SET
GENERAL CHARACTERISTICS FUEL TYPE 1 FUEL TYPE 2 FUEL CYCLE INITIAL VALUES
Added Removed Net Total Fuel Type 2
Efficiency Load Factor Tails Assay Residence Time
Data Year Capacity Capacity Capacity Share
(%) ||| (%) ||| (%) ||| (year) |||
mwe g, vwe) ], mwe e qly
© B 199 | o 0 0 | o 0 ) 0 0
Import and update existing Scenario Data from excel
© B 1992 |o 0 0
© [ 1993 0 { | Usethe to prepare the data to upload Scenario Data 0 0
| Click here to dewnload the Excel template IJidahce
(+] I_‘ 1994 0 { 0 0
File Name
© [E 199 0 ( Click here 1o upload the filled Excel file 0 0
] CANCEL
© B 1997 0 - v v r U T v T 0 0
© B 1998 |o 0 0 0 0 0 0 0
© & 199 |0 0 0 0 0 0 0 0

dle  Home

< X cut

e LDCepy

Insert

~ < Format Painter

Clipboard

Draw  Pagelayout  Formulas Data  Review View  Automate  Help
Aciel Ju JA N[ === it iz 7 Curency(0]  greenBackg... | [greyBackgo. | Percent = = fey =
ReA = e % 9 pinkBackgro... MNormal Bad Good Insert Delete Format
Font Alignment Number Styles cels
£
o 3 a " s T u

Fuel Cy
pac] it MatUC 3pac]ConversionC apal EntichmentC 3padF abrieationC apai Feproces singCapd F abricationC apacl sz,
200, 1000 025 3% 0 0 0 0. 0.
201 020 B 0 o 0 9 o
202 0% 39 0 0 0 0 )
203 028 ) 0 0 0 0 )
2004 028 398 0 0 0 0 )
2005 05 3% o 0 0 o o
2008 026 5 o o 0 0 o
207 [ 0% 390 0 0 0 0. o
208 026 i o 0 0 by o
201 028 390 0 0 0 0 o
200, 08 3% o 0 0 0 o
20 028 390 0 0 0 0 o
a2, 028 ) 0 0 0 0. o
] 0% 390 0 0 0 0 )
o 028 398 0 o 0
s, 026 EE 0 0 0
26, 600 025 398 0 0 0
o 020 B 0 0 0
ED 0% ] o 0 0
2, 025 EE 0 0 0
200, 000 028 398 0 o 0
e 028 X} 0 0 0
202 028 EE o 0 0
203 0% 390 0 0 0
2000 020 £ o o 0
2005 0% 390 0 0 0
2008 028 ) 0 0 0
2007 028 390 0 0 0
2028 08 3% 0 0 0 0 0!
209 02 39 0 0 o q )
00 025 £ o o o o o

1 Using this template you can upload and create new reactor scenario data in the system
2 Please do not edit the worksheet names

3 Please do not edit the "DataYear" column in the <reactor name> worksheet

4 In case the values for reactor data are left blank the value will be considered as 0

5 The reactor data values do not allow negavite number values.
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NFCSS Scenario Data Page

ReactorType: PWR Scenario Period: 2020 - 2080 I IMPORT SCENARIO DATA ‘ [ RESET FORM ‘ SAVE DATA SET
GENERAL CHARACTERISTICS FUEL TYPE 1 FUEL TYPE 2 FUEL CYCLE INITIAL VALUES
Enrichment 2f Discharge Burnup 2f cwost Reprocessing Ratio 2f
Data Year
w w 1h 1l
2020 7 45 ‘ 102 ‘
/slue must be between 0 and 100
2021 7 45 ‘ 102 ‘
/slue must be between 0 and 100
2022 7 45 ‘ 102 ‘
/slue must be between 0 and 100
2023 7 45 ‘ 102 ‘
/slue must be between 0 and 100
2024 7 45 ‘ 102 ‘
/slue must be between 0 and 100
2025 7 45 ‘ 102 ‘

2026 7 45 ‘ 02 ‘

FIG.16 Warning for any mismatch of scenario data.

NB: After completing the scemrio data setting, click [Selected Scenaripon the navigation
bar to jump back to "NFCSS ScenarioPagé' for the next step of result calculation.

2.5. STEP 5:.CALCULATION AND RESULTS

Calculations are divided into two parts: isotope composition calculations, material flow
calculations. In order to perforaorrectisotopic composition calculations, initial composition
of fresh fuel and other fuel parameters have to be provided.

As shown inFIG.17,

(a) If all data is correctly entered for a fuel type, first click [Make All IC Calculations]
button FIG.17, 1st).

(b) After completing isotopic composition calculations or providing the isotopic
compositionsflag color will changdrom RED to GREEN (FIG.17, 2nd).

Then,click [Make All MF Calculation$ button to make material flow calculations for each of
the reactor typed~(G.17, 2nd).
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NFCSS Scenario Page

SCENARIO CODE ~ SCENARIO PARAMETERS  CALCULATION AND RESULTS

Scenario Period: 2020 - 2080 U Make All IC Calculations H ‘ Make All MF Calculations
Reactor ] Material . .
Fuel Type 1 Fuel Type 2 Deacy Heat Radiotoxicity
Type Flow
REVISED LMFR Y | Waming
1] il 1
LMFR Core T - M } 1 Warning !!
B B | War
LMFR Axial REVISED LMFR AXIAL BLANKET - ] ! Warning ! Warning !
i REVISED LMFR RADIAL BH Il Warning ) !
LMFR Radial BLANKET ~ [l i ! Warning !
Calculate Overall Material Flow ] - B -

\ 4

NFCSS Scenario Page

SCENARIO CODE  SCENARIO PARAMETERS  CALCULATION AND RESULTS

Scenario Period: 2020 - 2080 | Make All IC Calculations | | Make All MF Calculations
Reactor Material ) .
Fuel Type 1 Fuel Type 2 Deacy Heat Radiotoxicity
Type Flow
REVISED LMFR B !l Warning
1l . I
LMFR Core Sy ~ BEm T I Warning !!
R R
LMFR Axial REVISED LMFR AXIAL BLANKET - Bm | Warming 11 Warning !
8 .
LMFR Radial ;EX‘I\SHEETLMFR SER m B B M .: Baning !l Warning !!
Calculate Overall Material Flow | _ @ L )

FIG.17 Step5: calculation procedure
If the calculation is finished without errors, screen can be found as shd&A@.i8

The user can see calculation results of material flow in diagram by clicking the preview button.
The user can get the chart for results of each of the fuel cycle steps by clicking on the box of
steps.

The calculation order is important as mentioned. That is, the skepecalculation order should
be:

(@) Conduct isotopicompostion calculationsfor each fuel typein each reactor type;

(b) Conduct mateal flow calculationsfor eachreador type;
(c) Conduct oveall material flow calculdions.
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NFCSS Scenario Page

SCENARIO CODE SCENARIO PARAMETERS CALCULATION AND RESULTS

Reactor Type Fuel Type 1 Fuel Type 2 Material Flow Deacy Heat Radiotoxicity

BEM BEEM B-E ey~

te Overall Material Flow | - B - %89 -

Click here to download the
DGR sizing in MS Excel.

FIG.18 Screen aftea calculation is completed without errors.
2.5.1. Isotopic composition calculation
To perform isotopic composition calculations for all reactor types,

1 Click [Make All IC Calculations] buttor or
 Click® button to perform isotopic composition calculation of each reactor type.

The calculation may take several seconds depending on the length or scenario period. The
button is available for each of the fuel types for each of the reactor types.

The buttori is used to see the result of isotopic composition calculation for each fuel type. If

the isotopic composition is to be provided by the Hsputton is again used. When the user

clicks on# button, isotopic composition page is displayEtiz.19. Thispage has three tab
pages for each of the cycle positions: O6Begi

The lower part of the isotopic composition page displays the data for each year and each isotope
(and some isotope group®lease nathat dl isotopic calculation resultior BOC, EOC and

After Cooling are given inweight percentage dthe total fuel in the reactmorewhereas the

mass flow calculations and diagrams show absolute valuessof radionuclides
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ReactorType: PWR
Fuel: PWR UOX 1

Neutron Flux: 1.41E14 (n/(cm2.s))

BEGINNING OF CYCLE

DataYear Enrichment Burnup
2020 4 45
2021 4 45
2022 4 45
2023 4 45
2024 4 45
2025 4 45
2026 4 45
2027 4 45
2028 4 45
2029 4 45
2030 4 45
2031 4 45
2032 4 45
2033 4 45
2034 4 45
2035 4 45
2036 4 45

2.5.2.

Material flow calculations for eachreactor type

NFCSS Isotopic Composition Result

END OF CYCLE

u23s

0.679943

0.679943

0.679943

0.679943

0.679943

0.679943

0.679943

0.679943

0.679943

0.679943

0.679943

0.679943

0.679943

0.679943

0.679943

0.679943

0.679943

FIG.19Output of isotope composition calculations

U236

0524254

0.524254

0.524254

0.524254

0.524254

0524254

0.524254

0.524254

0.524254

0524254

0524254

0.524254

0.524254

0.524254

0.524254

0524254

0.524254

AFTER COOLING

u23s Np237
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695
3.046867 0.068695

3.046867 0.068695

Pu238

0.024498

0.024498

0.024498

0.024498

0.024458

0.024498

0.024498

0.024498

0.024498

0.024458

0.024498

0.024498

0.024498

0.024498

0.024458

0.024498

0.024498

Pu239

0.5113

0.5113

0.5113

0.5113

0.5113

0.5113

0.5113

0.5113

0.5113

0.5113

0.5113

0.5113

0.5113

0.5113

0.5113

0.5113

0.5113

Pu240

0.263434

0.263434

0263434

0263434

0.263434

0.263434

0.263434

0263434

0263434

0.263434

0.263434

0.263434

0263434

0263434

0.263434

0.263434

0.263434

Pu241

0.150562

0.150562

0.150562

0.150562

0.150562

0.150562

0.150562

0.150562

0.150562

0.150562

0.150562

0.150562

0.150562

0.150562

0.150562

0.150562

0.150562

Export to Excel

Pu242

0.06494

0.06494

0.06494

0.06494

0.06494

0.06494

0.06494

0.06494

0.06494

0.06494

0.06494

0.06494

0.06494

0.06494

0.06494

0.06494

0.06494

Am2¢

0.0047

0.0047

0.0047

0.0047

0.0047

0.0047

0.0047

0.0047

0.0047

0.0047

0.0047

0.0047

0.0047

0.0047

0.0047

0.0047

0.0047

After completing isotopic composition calculations or providing the isotopic compositions,

1 click [Make All MF Calculations] buttonor

1 The user can make material flow calculations for each reactor Bi@el7shows the
command ba® - B - %&F for the material flow calculations, where the 1st button

is used to perform material flow calculations for the selected reactor type, the 2nd
button is used to see the material flow result in table form and the last button is used

to see the material flonesult in diagram form. If the isotopic compositions are not
ready for any reactor type, the command bar will display a warning message.

When the user clicks ¢& button, NFCSS starts material flow calculations. The calculation is

completed usually in less than a minute depending on the length of scenario period. During the
calculations the NFCSS displays a wait message on the screen. After completing the
calculatons, the NFCSS returns to the Calculations and Results tab page.

Following the calculation, the user can see the results. The results can be displayed in two

different formats: tabular and diagrammatic. When the user ckatton, material flow
result page is displayed for the selected reactor (y[i&.20). This pageconsists of four tab
OFront
results from the material flow calculation. The table displays theqlexted result columns

pages:
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6Back
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from the NFCSS full result table. The selection of columns by the user will be implemented in
future.

NFCSS Nuclear Material Flow Result
ReactorType: PWR

GENERAL FRONT END BACK END NUCLIDE GROUPS
TypeCapacity Electricity F2Share Enri_1 Bu_1 Rep_1 Enri_2 Bu_2 Rep_2
Data¥ear mawe) wwny gy el e gl wwary glg Ol o il wwary fla il
2020 326 2285 30.000 4,000 45.00 100.000 7.000 45.00 100.000
2021 326 2285 30.000 4.000 45.00 100.000 7.000 45.00 100.000
2022 326 2285 30.000 4.000 45.00 100.000 7.000 45.00 100.000
2023 326 2285 30.000 4.000 45.00 100.000 7.000 45.00 100.000
2024 326 2285 30.000 4.000 45.00 100.000 7.000 45.00 100.000
2025 326 2285 30.000 4,000 4500 100.000 7.000 45,00 100.000
2026 326 2285 30.000 4.000 45.00 100.000 7.000 45.00 100.000
2027 326 2285 30.000 4.000 45.00 100.000 7.000 45.00 100.000
2028 326 2285 30.000 4.000 45.00 100.000 7.000 45.00 100.000
2029 326 2285 30.000 4.000 45.00 100.000 7.000 45.00 100.000
2030 326 2285 30.000 4,000 45.00 100.000 7.000 45.00 100.000
2031 326 2285 30.000 4.000 45.00 100.000 7.000 45.00 100.000
2032 326 2285 30.000 4.000 45.00 100.000 7.000 45.00 100.000
2033 326 2285 30.000 4.000 45.00 100.000 7.000 45.00 100.000
2034 326 2285 30.000 4.000 45.00 100.000 7.000 45.00 100.000
2035 326 2285 30.000 4,000 4500 100.000 7.000 45,00 100.000

FIG.20Output of materiaflow calculations.

The user can see the graph for each of the result column by clickil.l.y fmrtton in each
column heading dflG.20 The chart form is showm FIG.21

FIG.21Graphical display of an output of material flow calculations.
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