Calculation of MUF for
the Pyro—-processing Facility
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0| A &ell & & (Material Unaccounted For)

» =& = X| 9 (Material Balance Area, MBA)}{| A 2| =2
Mo @K} & Alg @A
MUF = (PB+X —Y) — PE
Where,

PB : the beginning physical inventory
X :the sum of increases to inventory
Y :the sum of decreases to inventory

PE : the ending physical inventory
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Facility Information (Pyro-processing facility)

Pyroprocessing Flow : KAPF

Metal Waste From -] —mMmMm@™
| |
NM ; | Storage | .
o Y | I
e I _______ . Anod i ) —U>r“““““““. t"‘
| | node ;1 | —
I Hull !—> Zr Sludge R st Ingot L] R ffie_____d"-
bommem f ““““ Waste
(UO#TRU+FP) \ rec°"ery J\
Decladding/ Oxidd (Pellet) Oxide Electro-
ﬁ ﬁ
Voloxidation > Reduction Refining
f (U+TRU+FP) 4 o b 1
co Metal 2%
O,/Ar L _'ﬁ B | SFR (Transmutation)
-1 Used Clean ’
Salt Sa|t
Semi-volatile TOﬁ'QaS S Cl;?? Lzt S5 SFR
reatment U+TRU+FP
s Treatment ( ) Fuel
4 v
Filter Waste Form
Used Salt Electro- SFR Fuel
S — ﬁ
Cs ' Winning Fabrication
Some of them are HLW ‘L (U+TRU+FP)
‘T (Metal) TRU : Transuranic elements
Storage NM : Noble metal elements
Decay Salt Waste Form gt g
: Fission products

Seong Won Park, ANS, 2013.



Facility Information (MBA, KMP

FKMP and IKMP a) Add. )
MBA (Material Form) Accounting Analysis b) Requirement
o " °
Flow |1t Fiow (sFA) 0. tem Count | Rac. eas.! | Rmoley Verifaton Spent Nuclear Fuel Assemblies
Flow Output Flow s Sample
KMP-2 | (Porous Pellets) | Weighing DAMNDA | raxing/Transfer
MBA1 Output Flow NDA DA Sample
(Head-end Wastes) Taking/Transfer
SE Rocelpt, SF Assembly Storage Remotely Verification
Storage | KMP-A A Y a9 ID, Item Count ‘ Rad. Meas." ‘ Ca abiliy
Head-end pabity :
Process | KMP-B Before De-cladding ID. ltem Count Rad. Meas.' Remol.e.ly Verification
Cell (SF rods) Capability
- Sample
KMP-C | After Mixing (SF powder) | DA NDA Taking/Transfer M B A_ I
KMP-D | Other materials in the cell’ ‘[;V:‘Q':‘g':' DA f:g:g";mns'er H d d
Flow Input Flow Weighin DA/NDA Sample ea‘ = e n P ro C e s s
KMP-1 (Porous Pellets) ighing Taking/Transfer
Flow Output Flow Sample
KMP-2 (U/TRU Products) B NDA Taking/Transfer
Sample
MBA2 Output Flow (U Products) | NDA DA Taking/Transfer
) Output Flow ’ ‘ Sample
Main Pyro- : NDA DA : P P I I
processing B(el\:am Er:c;ss \ﬁVastes) :km?en' ransfer o ro u s e ets
Cell 3 ore E- uction i mpl
KMP-A | (Porous Pellets) Weighing DANDA | Taking/Transfer
. : Sample
KMP-B | Electro-Refining (Salt) DA NDA Taking/Transfer
i - | Weighing, Sample
KMP-C | Other materials in the cell DA. NDA DA ‘ Taking/Transfer M B A_ 2
Flow Input Flow (U/TRU, D, Item Count NDA Remotﬁly Verification
KMP-1 U Products, Wastes) Capability M Q n P r r
Flow Output Flow (U/TRU, ID. ltem Count NDA Remotely Verification a'l y O' P OC e S S
s KMP-2 U Products, Wastes) * Capability
KMP-A | U/TRU Products IID, tem Count | NDA Tronafarring Slorege
Casks
Storage = =
KMP-B | U Products D, Item Count NDA fonglenng. Diorege
| | Casks
KMP-C | Wastes ID, Item Count NDA Transfamong -Storage
Casks
| a)DA always combining weighing: * SNM in samples in analysis laboratory, UCI3, SNM from anode sludge, scraps, etc.
| b) Add NDA for IAEA andior NRTA: ' IAEA verification tools such as PDET, Slab detector, * Including
additional measurement for NRTA beside for inspector verification ° °
) Requirements for sample taking and transferring always includes weighing requirement UI I RU I n got U I n gOt waste
| d) Waste storage area can be the separated MBA from the product storage MBA, but simply assumed one MAB for all products and wastes as
there are no in the design phase.




Facility Information

Measurement Method, Uncertainty

Measurement

Uncertainty

Material Form i Bulk Sampling | Analytic
Method (Equipment - = - - -
S| o) | a6 | ol | af o
SF assemblies Item count 0.058|0.06| - - - -
SF rods Item count 0.05|0.06| - - - -
. _ _ _ 3.8~
ST oxide powder U-1TDA ML & M2 (0.05|0.06| LD (05| 1.2 a3
(homogeneous) . = = = :
DA 0.05|0.06| L.O (DB | 06| 0.3
U-NDA M2 (U) - - - - 1.8 6.0
B.0~
U metal ingot U-11DA M1 (Pu) - - - - 1.2 9.0
DA (U, Pu) N.058|0.06|0.05|0.06| 0.6 | 0.2
ission chamber _ _ _ _|0.0Z) 4.9~
(Pu) 9 8.9
U/TRU metal ingot vrpams(w | - | - | - | - [1e] 50
DA (U, Pu) N0.05|0.06| 0.2 [NE2|0b| 0.2
UO or UDz powder (recycle) U-IMDA M2 - - - - 1.8 6.0
UCls pellets U-TTDA M2 - - - - 1.8 B.0
U+ LiCl+ ECl U-IDA M2 006006 10 (B0 | 18| B.O
U+ TRU+ LiCl# KCI (refining) | Fission chamber - - - - | 8.0 10.0
Waste PRNC _ _ _
Hull and other wastes i 0.06(0.06 10 | 6.0 | 6.0 10.0
+ Cm ratio
Reducer salt waste (SF salt) Tae S
raste THC 1 05]0.08| 10 | 5.0 | 8.0 | 10.0
ER/EW salt waste (TRU salt) + Cm ratio
Reducer cathode (SF metal) Waste PINC nnslnoosl 10 lsnlznl 100
+ Cm ratio - v e
Refiner cathode (U metal) Waste AINC N.058(0.06| 10 |B.0| 8.0 10.0
Cadmium cathode (TRU Waste PTIC _ _ _
) N.05(0.06| 10 | B.O | 8.0 10.0
metal) + Cm ratio

* H. Aigner, R. Binner, E. Kuhn, International Target Values 2000 for Measurement

Uncertainties in Safeguarding Nuclear Materials, IAEA, Vienna, Austria




Model Data

A safeguards model for the Pyro concept

&

Dashboxd

Old_Model

&}

Model_Selection_d

T = -
T
Using GoldSim
—=r A
Data
) > f >
& X
Dashboard ent_n_Activity
> f >
X
Invent_a_Dose
& — .
Dashboard w0 > [ > 3 == == ==
E— 16 X X 70 WM 45 GWaATT 55 GWdMTD 70 GWaMTD 00 GWa/MT
nuclide |atomic mass|a/MTU-PWR| g/MTU-PWR a/MTU-PWR a/MTU-PWR a/MTU-PWR
Material Sp_to_UPu Vom_UPu Vinfm_UPu ac227 227 | 5.75E-07 5 75E-D7 5 75E-D7 5 75E-D7 5 75E-D7
am241 241 | 1.45E+03 1.45E+03 1.45E+03 1.45E+03 1.45E+03
am245 213 | 2.00F+02 2.02E+02 2.02E+02 2,02E+02 2.02E+D2
14 14| 1.72E-01 1.72E-01 1.72E-01 1.726-01 1.726-01
ORIGEN [azs 36 | 4.06E-01 4.0BE01 4.06E01 4.06E01 4.06E01
. cm245 245 | 3.04E+00 3.04E+00 3.04E+00 3.04E+00 3.04E+00
Bu rnup : 45GWd/MTU [ cm246 246 | 4.95E-01 4. 95E—01 4.95E—01 4.95E—01 4.9BE—01
. . cs135 135 | 5.07E+02 5. 27E+02 5. OTE+02 5.27E+02 5.o7E+D2
Coollng Time : | Oyrs 5137 137 | 6.65E+02 5.65E+02 6 65E+02 6 BEE+02 6 BEE+02
i129 129 | 2.44F+02 2 JAE+02 2 44AE+02 2 4AE02 2 44ED2
& b4 94 | 6.43E-04 6 43E-04 6 43E-04 6,43E-04 6.43E-04
ni5g 59 | 1.60E-01 1.60E—01 1.60E—01 1.60E-01 1.60E-01
e f B> f ni63 63 | 2.46E-02 2 46E-02 2 46E-02 2 46E-02 2.46E-02
e X X B 314 | Jnp2sT 237 | 7.34E+02 7.34E+D2 7 34E+D2 7 .34E+D2 7 34ED2
PP pa23i 231 | 1.33E-03 1.33E-03 1.33E-03 1.33E-03 1.33E-03
Inventory_Aging Process_Amount_MP Mum_Batches pd107 107 | 3.12E+02 3 12E+02 3 12E+02 3 12E+02 3.12E+02
- A < N y puL233 233 | 2.18E+02 2 13E+02 2 13E+02 2 13E+02 2. 13E+02
7 T VA ) Methodes | 1539 239 | 6.09F+03 6.09E+03 6.09E+03 6.09E+03 6.09E+03
— — — — E— pu240 240 | 2.70F+03 2 72E+03 2 72E+03 2 72E+03 2 72E+D3
> 314 > 314 314 N ERD) 314 puzd 241 | 2 46E+02 2 A6E+02 2 AGE+02 2 A6E+02 2 A6E+D2
167 167 Bl 16 B[} pu2d2 240 | 7.79E+02 7 79E+02 7 79E+02 7 79E02 7 7902
12226 226 | 461E-06 461E-06 461E-08 461E-06 461E-06
18228 228 | 0.00E+0D 0.00E+00 0.00E+0D 0.00E+0D 0.00E+DD
CrzTmz el Vet iy (Messran n222 220 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
79 79 | 6.59E+0D 5.59E+0D 5.59F +0D 6.59E 00 6.59E 0D
sm151 161 | 1.48E+01 T.43E+01 1.43E+01 1.43E+01 1.42E+01
n126 126 | 2.B2F+D]T 2.B2E+01 2.B2E+01 2.62E01 262601
5190 90 | 2.70E+02 2 70E+02 2 70E+02 2 70E+02 2. 70E+D2
tesa 99 | 1.04E+03 1.04E+03 1.04E+03 1.04E+03 1.04E+05
th229 229 | 1.53E-06 1.53E-06 1.53E-06 1.53E-06 1.53E-06
th230 230 | 2.58E-02 2 58E-02 2 58E-02 2 58E-02 2 58E-D2
th232 232 | 6.71E-03 5.71E-03 5.71E-03 6.71E-03 8.71E-03
ProcessData 4033 233 | 1.15E-02 1 1BE-02 1.15E-02 1.15E-02 1.15E-02
U234 234 | 2.B0E+D2 2. B0E+02 2.6OE+D2 2.B0ED2 2.B0ED2
U235 235 | 8 11E+03 3 11E+03 3 11E+03 5 11E+03 5.11E+03
1236 236 | B.A4TE+D3 5 47E+03 5. ATE+03 5 ATE03 5 A7ED3
U233 233 | 9.27E+05 9. 27E+05 9. 27E+05 9.27E+05 9.27E+05
295 93 | B.31E+D2 8.31E+02 5.31E+02 6.31E+02 6.31E+02




rocess Yield Fraction

Sample Yield Factors for each Process Station, over the Measuring Period

Chopping & Voloxidation Oxide Reduction Cathode Flecto Nielning Electio winmng
Decladding Consolidation
Yield Fraction Yield Fraction Yield Fracti Yield Fraction Yield Fraction Yield Fraction
Specles Mean SD Mean SD SD Mean SD SD tean SD
0,0010 | 1,0000 0,0000E+00 Fo.9950 | 0.0025 00000 | 09853
T

For Scrap & Holdup

T

ChopDeclad_Scrap

Process Yield

h@h/

Process_Data

-
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/
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(REEE
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nsn | oonm I Lown
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0.00E 00 X D 100w

—S200 | ONE L0350 | GNH

0,0000E 400 '0.0000 0.0000
0,0000E+00 3 '0.9950 1.0000
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0 00O0E 00 0 0 9950

Normal Distribution
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|, PDF
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Total mass flow simulation

&

Dashboard

Simulate total mass throughflows for one material balance period (MBP)

FOM1_PP

lbﬁibhbﬁib—bbﬁib

Forous_Feliets kg

FOM2_FP

£
PIx

b f P

Scap_ChopDedad Forous_Felliets  Scrap OxdeRain

!

B

f*

o o

CathokCons

N MT““\ |

¥ 4
[;Jx

¥ g .
o ; i f;i o
Scrap_CathodeCons in Scrap_MBA2
7
7 7 4 / Y
> .f;( B

e o

EkctroRefine

\ |

EectoWin Matends in_salt TRU_Meta_Product

>ﬁ([>

Dﬂ(»(—»ﬁi >—>[e>f;(>

FOM1_SNF Input_kg FOM2_SNF

>,f).([>

Y

.ﬁ(.

Y

>f;(>

>.f;(b

aste_Mgnesia

T

bﬂib—bbﬁib

OxdeRednWase FP  OxideRednWagte Non_FP

N ¥

bf;(b

Dirty UO2HullWaste OffGasWaste  OxideRednWaste CathodeCons_Waste EectroRefine_Waste TRU_Mstd W=te

A\ 4

B x[b—-»»f;b

CleanU_MesW =ts

CleanU

Tru_Y

|
N Y K

.f;(.
N

§>f;( >—»f; S

|_ Waste_NonFP Tru_Msaal Wase_FP

FOM1_SFR Product kg

A\
bﬂ»(—»ﬂ(»—»bﬂib




Error Calculation
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KMPs Information

&

Dashbgard

ot

KMP 1_1_no_count

H

/\

Results MBA1
> ’F »- - [F = - E >
L ammE e l_--
KMP 1_A_Inventory_no_courMP1_B_Inventory_no_count - KMP1_C_Inventory KMP1_D_Inventory Total_Emor_MBA1
H @B A = 1] B
P--- P-- F--- F-- b--- P--
y} € o N» e “, e
— = [ = = =
KMP2_1 KIP2_2 KMP2_3 KMF2_A,_Inventory KMP2_B_lnventory KMP2_C_Inventory
&} ®
rIII b b
> = \
F— == nmmEy
KMP2_4_1 KMP2_4 2 KMFP2_4 3
A\ l
Results MBA2
KMP2_4
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Main Dashboard

Safeguards Model for SNF Reprocessing Facility

Model Specification

General Features

Run Show Maodel Mass
Go to Original Model Go to SnS Model
Meutron Rates Garnma Dose Rates
Number of Realization - [ 1000
Throughput : [ 30 MTUMr  Period:| 12 mon &lpha Dose Rates Gamma Spectrum
MUF FOM
SnS SNF Porous Pellets Product
FOM1 |2,0279? |2,02?97 |2,5051 5
MBAT MB A2
FOM2 [2, 02797 [2, 02797 [2, 50515
Merged MBA SNF Product
FOMA1 202797 2,50515
Merged_MBA
FOM2 2,02797 2.50515




Sampling/Uncertainty Data Input

For U235, for each test type, enter the random and
systematic test standard error values for weighing,

sampling, and testing.
- [%] R_Weighing R_Sampling | R_Tests | S_Weighing S_Sampling ] S_Tests
Samphng Data 1 0.05 10 12 0.05 05 6.0
2 0.05 10 06 0.05 05! 0.3
For each test type, enter the size of the item or contai 3 0 0. 18 0 0. 5.0
(in kg of waste), the fraction of items that are tested, a 4 0.05 0.05 05 0.05 0.05 | 02
the number of U/Pu tests done on each tested item. 5 o 0 18 0 0 50
TestContSize [kg] | TestFraction [%] l TestCount | Methodes 6 0.05 0.2 05} 0.05 02 : 0.2
YT ) 20 —3 3 r 7 0.05 10 18 0.05 5.0 50
MBA1-KMP3 A ...‘.‘éa‘ [ —— ‘.‘..i. e “”.é B 0‘05 10 g 6,0 0.05 5.0 10
= e e - w P Y 3 P T i
= N
MBAZ_KMP2 3 S
WBA2 KMP3 B Y B 3 For Pu, for each test type, enter the random and
MBA2_KMP4_A 20 3 systematic test standard error values for weighing,
MBA2_KMP4_B 3 10 sampling, and testing.
::z—&::—g g g [%] R_Weighing R_Sampling R_Tests [ S_Weighing S_Sampling | S_Tests
\BAs KIIPE = e 1 0.05 1.0 12 1. 05 6.0
A KIPA “31 - 2 0.05 1.0 06 0.05 05! 03
WBA2_KWPB 3t 7 _ 0 0 12 ¢ 0 7o
o e =1 o 4 0.05 0.05 05 0.05 0.05 02
= ' 5 0 0 0.029 | 0 0. 6.9
6 0.05 0.4 10 0.05 04 5
7 0.05 10 1.8 0.05 50 5.0
8 0.05 10 6.0 0.05 50 10
9 0.05 10 8.0 0.05 50 10
10 0.05 10 80 0.05 50 10
11 0.05 0.4 8 0.05 04 4







|/ Result_Mew_MBA1 (g) O X |/ Result_New_MBA2 (g) O X
|A PDF |/ COF [ CCDF |ggj Chatt EETable % $§ % EJ |A PDF |/ COF [ CCDF |ggj Chatt EETable % $§ % EJ
Result_New_MBA1 Result_New_MBA2
3.0e-5 2.5e-5
2 2 20e5
= 20e-5 =
2 2 15e-5
[ [
(& ] (& ]
z £ 10e5
S 10e-5 Z
8 8
£ & 5.0e-6
0 0
-100000 -50000 0 50000 100000 -200000 -100000 0 100000 200000
New_Model. Total_Error_ MBA1_U235 New_Model. Total_Error_ MBA2_U235
New_Model. Total_Error_MBA1_U235 New_Model. Total_Error_MBA2_U235
New_Model . Total_Error_MBA1_Pu New_Model. Total_Error_MBA2_Pu

Total Error (U235) Total Error (Pu)

MBA-| 14,624 g MBA-| 18,142 g
MBA-2 18,756 g MBA-2 26,893 ¢



PU.9| MBP HEZI OMUF

30
X
25 %
X
20 X
X X
£} X
= 15 “ x
: x ><
X
X
X
10
X X
X
X
X

5 o

o { X IAEA detection goal : 3.30yyr < 150 (8kg)

3.3 §

0

0 2 4 6 8 10 12 14

Material Balance Period (month)

—X—MBA1 —X—MBA2

* Scott DeMuth (LANL), Proliferation Risk Assessment for Large Facilities with Simulation and Modeling,

22 Global 201 | Chiba, Japan December I1-16, 201 |
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E-Mail: ;7vh1404@kinac.re.kr
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