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Abstract

IAEA has performed Material Balance Evaluation(MBE) to examine the measurement
uncertainties, measurement bias and diversion of nuclear material. The results of destructive
analysis(DA) and non destructive assay(NDA), accounting reports such as ICR and PIL,
stratified data of nuclear material are used for the MBE. In this paper, the error estimation
methods of random errors and systematic errors were analyzed and reviewed, and the
procedures of material balance evaluation using estimated errors were described to perform the
MBE of the facility using paired data between operator’s declaration and inspector’s

measurement results.
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Case Ordering Description
1 OLU The true MUF is statistically significant
5 LUO The true MUF is statistically significant.
(This is a negative MUF, could indicate human errors or inadequate)
3 LOU The true MUF is not statistically significant

F71 gl A case 3¥lo]l 7HE HA o FFo® true MUFZ} zero9t A4 o2 AoldtA &+
T2 MUF o] SAde=z fofdhs vehiar v A2 43S o]

_O'_
43 H7PH S oA E o] dyeld gy Zomw SRD(Shipper-Receiver Difference)= MUF
B

S ge Pow Bd + Ak
MUF 100 -100 100 -100
0 MUF 50 50 33 33
trueMUF=—0 v y n n
MUF > 0 y n y n
Odering L-0-M-U L-M-0-U 0-L-M-U L-M-U-0

MUF %7k "] thstel ol & Eol 71&stArh o® 998 /HgAds] EAATEATE of

g ¥ 1% o] stratum® batch <, item 4, Z} iteme| Hi g 2 F Aol AZAHUL
0% 04 LAFA Ee Ad SAAEE B8ARd o8 FojHta 7Hg e
‘:’ 7(1
----
CDmp Stratum | of batches | of items | kg of U-235{ kg of U-235 kg of U-235
1,500 3,000.0| 0.0030 0.0025 56.8
UF 300 300 50.0 15,000.0/ 0.0025 0.0020 904.7
SC 800 800 1.0 800.0f 0.0150 0.0100 64.2
foral. | 1250 2¢600) 20 ] 188000 20 20000 | @ 10357
Increases |UF- 250 250 50.0 12,500.0/ 0.0025 0.0020 628.9
PL- 100 2,000 0.5 1,000.0{ 0.0020 0.0020 4.0
Towml | 950 eos0] 20 | 1380000 20 . 000 | 200 €%y
Decreases |FF 1,000 4,450 5.0 22,250.0( 0.0020 0.0020 1,982.2
WS 150 150 0.5 75.0( 0.0700 0.0700 27.7
Total | 150] 4600l | 2e%b0 200 020 | 2 20100
PE FR 1,000| 12,000 0.1 1,200.0{ 0.0020 0.0020 5.8
PL 700{ 15,000 0.5 7,500.0] 0.0020 0.0020 225.3
SC 550 1,500 0.7 1,050.0{ 0.0150 0.0100 110.7
Total | 2.250] 285000 | 97500 |
MUF= 225.0 Var(M UF)= 4,010.4
oMU 63.3




2000 FATHER TS =EA
g9t

o

Stratum™® #4bS ek §4S ol&ste] Fel = PBe powderol] thsio] #EAbS ALk

2
Var(s) = X% - ( 5” + 0,0 =3000% - ( 01g83 + 0.00252)=56.89] €th o]u 7} stratumol

3 = BAAe ValMUF]= ;SVar[I(s)]=56.8+904.7+...+110.7:341.89+ Zol Al z

MUF®| ZFHAE 0 ypp=V Vol MUF] =V4010.4=63.3%} o] Aatd} Aatd Ang &

X
U

Hyol 7149918 MUF>3% 0yypg 0183t MUF=225, 0 p-—63.3° 3 MUF o<
Hr7ls B MUF — 225 > 3 x 63.3 = 1899 — o ypr®l S22 MUF %S 7|73, o]+
true MUF7} zero®t} =il #Z¥ MUF=225 kg©| operator®] &Aoo x2 ™3t & glag o
Bl Zlelth ek, o Ale] MUF o] 150 kgolebal 7k ste] H7HE ahd,

o

MUF = 150 kg < 3 x 63.3 = 1899 kg = 0 yur

o]m g true MUFE zeroHt} IA] gtp= ZAEo] Y2t} o= MUFZQ Ag7sAo gl =
AA 228l Qafo] A|7F §lom, AE MUF &2 AlAd SAA=EL] Qxfof 7|90E Aoz 31

Z 5 A~
T3+ 9

T4 oyprol Wkl 1 5Q¢ True MUFE #AAE = v FE5 AHEAGY @A =
Sl FES BE S BE T4 tud 2ornE BXSES (1I- =2 Hofdrh

— MUF
B= Prob. (z< C o= trueMU ) where C,= tu-o° Ouur
0 Mur

ESE7F 20% vk A9 (1 SQ=7bkg®el U-235)°]3l, 0 4yr—63.3 kg-U235¢ w, 1&

errorg W FE ool Wt f_,#H A- B #el Fole vad Ak

a % t-a) (1-8 %
0.13 3 35
25 2 20.7
5.0 1.65 32.3

IAEAI A= tq-pnE 322 A3t 1 SQ9 trueMUF ©4]g&E0o] 35 %4l A k=t
IAEAE Al MUF #H71E 2 A8 79 operator-inspector differenced o]-&3t &4 0 2} 4

Fo] okyar A FH] FALLAE A48T F V] "HE ti-»E 39 otd 22 48T AL

ﬂH

o)

AaLskal k. E3F Safeguards criteria®l AEE$dFol 7baA A Ik @A SFES 50 %2
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TSl gk 50 %ol HAZEES v BASE Bl ALt oyprs AMSFE 0 ypr—25

kg-U2357} =t}

vk S Al EFE Al

ot FA EE ARRA( o RT AThE A8 SAAAY e HEA Wi 9
o ox=A- §z°1H, olul AE throughput =5 FHd Axd FolA 2 gholgh wef 6 p—
0.3%°] 7V&&%, A—% WEF—22325 kg-U236Y 4% ox=A -+ dp= 67 kg-U236= At

Ao} ol 0633 < 0567 ©] EFEZ operator ZAHA AL ZA EFE AFHRYS 9

il

4N

33 Yot @ @ & glvk

v}, Shipper/Receiver Difference (SRD)

SRDE =7} & EF A E2RH wile 545 AR A3 shipper’s data®h ol ¢ A
Ast= ol &, SRD7F @A e 9 SRD A4S SRD(DD=(shipper’s value) - (receiver’'s
value)o|th.  REeF AJMo A SRDE W ilshA &8 745 SRD7F HAE o] MUFo| wh s ==
operatort €3] SRDE IAEAd| HiLdlo]of 3o},

A}, IMUF (Inspector Estimate of MUF)

N E 29| partial defects =+ bias defectsE A7 938t IAEAE MUFe| <44 HF&
Al lom) o] ¢4z HFE IMUFe D A& AH&gt. IMUFE 245A71s s34
ASANE TAZ Yepd AFE#e] MUF F4Aojth D AT 2t itemd &9A9F AHR S 54

ZAs= greZ D = MUF - IMUFZ Ao HthFod stratumW @ itemE ©)
Z34 A7 YopE olE biase HAAF FES M AT F£ dE TAE IMUFS D A 0
9 oypre ©A AlA SAA2E ] EFARNE JS wov g,E A SAHALHEY &

A b 24 BRARE G Btk AU ghes AR ZHASGe] BHAE

AZ=AHRZE s stratumo] ¥+ Al 7] = Scaling factorol] o3k &21S 2y R oS3 g

—OLL Where o(s) :

Operator declared stratum mass (stratum total)

o( v,) : Operator declared mass of substratum verified by the inspector using
method k

S48 (method) K2 4% x;9 4S vy, | k22 3 method kZ AT 3 stratumol] ujg
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inspector =A% (s| AHZE T3 AL (sl kb= r, 21 v; | ke T}
“=

dirHor HITL skt o) ATWHE A8 ] wiel Fa% HT dades ol

3to] inspector FAXE AAE7] A E stratum FF A dIgE ALE Ay W=
=

weighting factor® FoJslojoF 3t} Weighting factor® o3k & inspector’} stratum® 3

FE s = ; wy - i(s | RBSE #Zo] Akt

o

AEHR o2 DAY NDAES AHE3l9S 49, DA NDAES k={1, 2} ¥ oW weighting

Var Is| 2)] o Var I(s| 1]
" (VARG | DD +{VaA s T2T) (VARG | DI} +{VarA KsT2)T)

Weighting factorE T+3F= 3294 A€ 3% variance T3t 32412 IMUFQ| variance T3+

2o A weighting factor® #|¢]3t A3} F A3}k, Weighting factor F#3FE variance 342

VarlI(s)]= ;Krk [ 2( yilB?% 6 %4( glyj | k2. 8219 2o, MUFo| o3t inspector 5

AAE Adste WHE IMUF= Z A, - K9t o, A =+1°o]® 27145 3 WS et
Y, A —=-1°od ¥r|Ax E W&S ERAT

of. IMUF &4k A4k

Inspector 74 MUF7} EAA o2 zerost &L/t AAFE Adslr] 9lste] IMUF #4Hs 7l
abstolof ok o prel F8S o yprel stratification ¥ 3} error propagation 322 A -85}
= o] FYst}k. Stratum FHFo| W3k inspector FA A F opprs TolE 4

ni

Vall(9]= 2 wi- ri- [ (yjlk)2-63k+(2yj|k)2.53k]
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