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1. The NRC Public Document Room, 2120 L Street. NW., Lower Level, V/ashington, DC ‘
' 20655
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ments and correspondence.
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Program: formal NRC stal! and contractor repons, NRC.sponsored conferance prooeed: ‘
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use by the public. Codes and standards fre usually copyrighted and may be purchased
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ABETRACT

The Nuclear Regulatory Commiseion (NRC) is committed to an annual
publication of licensed fuel facilities' inventory difference (ID)
resultes, after Agency review of the information and completion of any
related investigations. Information in this report includes ID
resulte for active fuel fabrication and/or recovery facilities.

Acronyms and/or sbbreviations used in this report are jdentified on
page vii.

The various tersns and acronyme ueed i1n this publication are defined on
pages 1 through 4.

1t should be noted that Rockwell International (Banta Busana, Calif.
es+ Docket No. 70~2%5, &NM License No. 21) has been deleted from this
report dug to ite inaciive status (relative to all ENM categories).
Likewise, the listing of plutonium and uranium~233 1Ds for GA
Technologies (La Jolla, Calif. =<~ Docks: No. 70-734, BNM License No.
696) has been discontinued, due to the inactive #tatus relative to
these two SNM catemories. Plutonium 1Ds at Nuclear Fuel Bervices
(Erwin, Tenn. =+« Docket No. 70«143, BNM License No. 124) are also
being deleted from this report for the same reason. All inven.ories
associated with the above identified inactive operations resultesd in

I1Ds of zero.
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in HEU, uranium«233, or plutonjum. NOT All BENM 18 SNM., but net
: all ENM is BSNM.

9. Btrategic Specis) Nuclear Material (BSNM)  Uranium-235 contained
.
1
|

10, Effective Kilogram of ENM (1) For plutonium and U-233, their
welght in kilograms, (2) f r uranium with an enrichment in the
lectope U=23% of 1.00 pere t (0.0% weight fraction) and above,
its element weight in kilog sme multiplied by the square of its
enrichment expressed as & decimal weight fraction, and (3) for ’
uranium with an enrichment in U=23% below 1.00 percent, but above
0.71 percent, its element weight in Kilograme multiplied by 0001,

11, Formula Kilogrsm (FKG) 1,000 formula grame of S8NM computed by
the following eguation

Grame = (grame U-235 contained in HEU) + 2.5 (grams U«233)
¢ 2.5 (grams plutonium)

12. Formula Quantity SENM in any combination in & gquantity of 5,000
formula grame or more, as computed by the same equation as given
above in definition No. 11, (NOTE 1In unirradiated form, thi:

quantity of S8NM ie sometimes referred to as & Category I quantity
of material )

T T T T e T e S T

13. SNM _of Moderate Btrategic Significance: (1) Less than & formula
quantity of SENM, but more 1,000 grame of U-235 centained in HEU,
or more than 500 grame of U-233 or plutonium, or more than a com=
bined quantity of 1,000 formula grams when computed by the
equation:

N N N N T I S SN = ST,

Grame = (grams U-238 in HEU) ¢ 2 (grame U~233 grama Pu)

or (2) 10,000 grame or more of U-23%5 contained in LEU enriched to
10 percent or more (but lese than 20 percent) in the U~235
isotope. (NOTE: In unirradiated form, either of the forementioned
two gquantities is sometimes referred to as a Category 11
quantity.)

14. M.mummmwmu (1) Lees than an amcunt of SNM
of moderate strategic significance, but more than 1% grams of (1)
U=23% contained in HEU, (ii) U-233, (iii) plutonium, or (iv) any
combination thereof, (2Z) lese than 10,000 grame but more than
1,000 grame »f U~23% contained in LEU enriched to 10 percent or :
more (but lese than 20 percent) in the U=23§ isotope, or (3)
10,000 grame or more of U-23%5 contained in LEU enriched above
natural, but less than 10 percent, in the U=23% isotope .

(NOTE: In unirradiated form, any of the above three quantities ie
sometimes referred to as a Category II11 quantity,)
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186,

16.

17.

18,

19.

20.

21.

e e --.“1

(1D The arithmetio difference between &
book inventory and the corresponding physical inventory, calcu-
lated by subtracting ending inventory (El1) plus removals (E) from
beginning inventory (Bl) plus additions to inventory (A).
Mathematically, thie can be expressed as

ID = (B ¢« A) = (E1I + R),
Error of the 1D (LEID) Twice the standard error of the

estimated neasurement Jncertainty associated with the [D, or in r
other worde., twice the egquare root of the measurement variance
associated with the 1D. ‘

Bt krror of the 1D (BEID)

{a) For livensees subject to 10 CFR 74.31, BEID i1s equal to the
pqu.re root of the sum of both measurement and non-measurement
variances assooiated with 1D,

(b) For ligcensees su' ject to 10 CFR 74,59, BEID 1# equal to the
sguiare root of the measurement variance (only) associated with
1D.

n : . A mite-specific BNM gquantity for
Category 111 licensees whose processing activities are limited to
ENM of low strategic significance. The DQ ie normally a function
of annual throughput, bu' for low-throughput LEU facilities, the
DU need not be less than 2% kilograme of U«2385. The DQ can aleo
be described ap a goal quantity, the loess or theft of which must
be detected with a 90 percent (or better) probability whenever a
physical inventory i1s taken.

E%&!!ll&&.lh:l!hﬂlﬂ_iﬂii' An ID limit that will be exceeded (with
90 percent or higher probability) by an 1D (resulting from the ;
taking of a physical inventory) whenever there has been an actual i
loss of a detection quantity. The DT is & function of both the DQ

and BEID. as shown in the following equation:
DT = DQ - 1.3 BEID)

The 1D Was Within 1te Expected Range The 1D wae less than (i)
200 grams plutonium or U=233, (i1i) 300 grame U-235 contained in
MEU, or (iii) 9000 grams U-23% contained in LEU, as appropriate,
and/or wae less than its associated LEID or SEID.

The 1D Wae Within 1t latory Limit. The ID exceeded both (1) '
200 grame U~233 or plutonium, 300 grams U-235 contained in HEU or

9,000 grams U-235 contained in LEU (as appropriate), and (2) ite
associated LEID or BEID, but wae less than 1.5 times the limit for
LEID (for 10 CFR 70.51 licensees) or less than the ID limit (for
10 CFR 74.31 and 74.%9 licensees). For 10 CFR 74.31 licensees,
the ID limit is the site-specific detection threshold quantity,
which ie considerably larger than SEID., For 10 CFR 74.59
licensees, the ID limit 18 3 times SEID.
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INTRODUCTORY DISCUESION

LICENSED FUEL FACILITY STATUS REPCRT =-=-- INVENTORY DIFFERENCE RESULTS

An inventory difference (1D), algo referred to as material unaccounted
for (MUF), is the difference between the quantity of special nuclear
material (ENM) that a licensee's accounting records show should be on
hand and that which a licensee's physical inhventory shows 1s actually
on hand., Both guantitiee (i.e.,, book and physical) are subject to
measurement uncertainties, recording errors, etc,

The 10 information presented is for active, licensed facilities that
are authorized to pussess and use, in an unsealed form, at least 1
effective kilogram of ENM, The U.8. Nuclear Regulatory Commission
(NRC) uses a graded approach in applving safeguards requirements for
such licensees, depending on the strategic eignificance of the ENM
authorized for possession. Licensees authorized to have gignificant
quantities of strategic BNM -+~ i1.e., high enrichrd uranium (HEU),
plutonium, or uranium~233 -+-- are required to conduect physical
inventoriee every 2 months. Facilities authorized to possess and use
1 or more effrotive kilograms of SNM of moderate strategic eignific~
ance conduct inventorice every é& monthe, whereas licensees whose
holdings are restrioted to ENM of low strategic significance perform
physical inventories every 12 monthse.

It is important to understand the distinction between the low
strategic significance of low enriched uranium (LEU) and the higher
strategic significance of HEU and plutenium LEU used to fabricate
fuel assemblies for commercial power reactors is enriched to a level
of 1 to 5 percent in tne U-23% {sotope., At this level of enr.chment,
the uranium ie not capable of generating a nuclear explosion
(regardless of its quantity and configuration).

NRC safeguards requiremente covering LEU are graded to reflect ite low
strategic significance. They include a formal structured system for
material control and accounting and basic industrial security
measures. On the other hand, because of the higher strategic signif-
icance of HEU and plutonium (which under certain circumstances could
be used for the f-*~igation of & nuclear explosive device), NRC
requires license: o provide substantial physical protection of these
materials. Additionally, more rigorous controls and accounting
programe are imposed. Physical protection of strategic ENM includes
safeguards measures such as barriers, intrusion alarms, armed guards,
and offsite police response. Internal eyetems to control the movement
of strategic SNM and to monitor ite presence are aleo required.

Non-zere 1Ds, both positive and negative, result from a combination of
factors such ag measursment variability (i.e., measurement uncer-
tainty), measurement errore (1.e,, measurement mistakes), changes 1in
the quantity of unmeasured equipment holdup, and recording errors. An
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unneasured loss (either accidental or deliberate) or theft wvould give
rise to a unidirectional (mathematically positive) impact on an 1D, so
a¢ Lo make a negative D less negative (or change it to poritive) or a
positive ID more positive, Generally speaking., the more complex &
facility's process operations are (especially when dealing vwith
chemical operations), the greater the uncertainty associated with an
1D value becomes.

Although an 1D larger than its overall measurement uncertainty may
eignal an abnormal situation (requiring determination of the cause’,
the fact that an 1D falle within ite associated linit of error =«=-
even a zero ID value +~-+ provides no automatic or cenclusive proof
that a loss or theft of 8NM hae not occurred. Hence, NRC relies on
information provided not only by the material accounting svetem, but
also by the internal control syetem, the physical security svetem, NRC
inspections and evaluations, and NRC and licensee investigations.

The concept of the limit of error of the inventory difference (LEID)
ie 4 method that )icensees subjiect to 10 CFR 70.51 and NRC use to
determine the significance of the 1D, LEID is & caloulated estinate
of the measurement unceértainty f(at the 9% percent confidence level
[C.L.]1} that is associated with the facility's ID. That is, 1D should
be within the range of zerc plus or minus LEID 19 timee out of 20, if
neasurement uncertainty i1 the only contributor to non-zero 1Ds.

For 10 CFR 70,51 licensees, an ID that exceeds i1te assoviated LEID may
be an indication of processing probleme, biased or otherwise
inaccurate measurements, bookkeeping errore. or a loss or theft of
material. NRC accordingly requires licensees to take increasingly
stronger investigative actione depending on how much the ID exceedeo
both LEID and minimum quantities specified in 10 CFR 74.13(b) =«=
namely, 200 grams of plutonium, 300 grams U-23% contained in HEU, or
9000 grame U-235 contained in LEY. 1f the 1D exceeds i1te LEID. but
does not exceed the minimum gquantity, no formal investigation i
required.

The concept of the standard error of inventory difference (EEID) is a
method that NRC and licensees subject to either 10 CFR 74.31 or 74.59
use to determine the significance of an 1D, For 10 CFR 74, 31
licensess, SEID is a calculated estimate of the tota) uncertainty (at
the 67 percent C.L.) due to both measurement and non-measurement
contributore. Thus, for 10 CFR 74.31 licenseee, ID should be less
than SEID 2 timee cut of 3, or lees than twice SEID 19 times out of
20, Feor 10 CFR 74.59 licenseen, SEID ies the calculated estimate of
the measurement uncertainty (at the 67 percent C.L.) that 18 associ~
ated with an 1D, Hence, for 74.5%9 licensees., ID should be less than
SEID 2 times out of 3, and less than twice SEID 19 times out of 20, if
non-zero IDs resilt only from measurement uncertainty.

For 10 CFR 74.31 licenseee (whose operatione are limited to 8NM of low
etrategic significance), ID must exceed 1te threshold quantity (a
pite~specific value that is considerably larger than SEID) before in-
vestigative actions are required., For 10 CFR 74.59 licensees, inves-
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tigative aotione are required wherever an D exceeds both (i) 200
granmg plutenium or U=233, or 300 grams U+«235, and (1i) 3 times BEID.

The IDs for this reporting period (July 1, 1990 through June 30, 19%1)
are indicated in the “Tabulation of Inventory Differepnces” that beginse
on page B of this report. An explanatien of the significance, and
when appropriate. the contributing factori(s) for IDe deened excessive
t¢ry Invluded in the last column of the table, Physical inventories
are required for sach 8NM category (LEU, MHEU, U-233, plutonium, and
Pu=238) within each plant. For thoese licencees having nore than one
plant on the same site, the ID value lieted, for a given BNM category,
i® the total site net 1D.

SPECIAL NOTE.

On January 4, 1990, the Material Control and Agcounting (MCSA) Reform
Rule became fully implemented at three fue facility licensees that
possers and use sirategic special nuclear naterial (SENM) in signif-
icant quantities. The three licensees are Baboook and Wilcox (Navy
Nuclear Fuel Division), Nuciear Fuel Bervices, and UNC Naval Products,
The MCAA Reform Rule coneists of the regulations contained in 10 CFR
T4.5%), 74.853, 74.9%5%, 74.%7, and 74.9%%, and for the three named
licensees replaces the MCBA requirements found in 10 CFR 70.51, 70.57,
and 70,58, The MCLA Reform Rule requires a physical ifiventory
frequency of once every & calendar nonths inetead of every 2 calendar
monthe, as required by 10 CFR 70.5%51. The relaxation of the inventory
frequency is more than compensated for by process-monitoring and
item=monitoring requiremente that are intended to provide more timely
ane more reliable indicatora (tham that typically provided by
inventory difference resulte) of any actual loss of & formula guantity
of ENM,

Each of the 3 licensees previcusly i1dentified will, however, remain
under a 2-month inventory freguency until suoh time that the NRC is
satisfied that the licensee has demonstrated the desired effectiveness
of its process-monitoring and item-monitoring programs.
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Tabtslation of Inventory Differences [Cont.}

Inventory
SNM Difference Explanation
License Docket SNM Inventory (Grame U-235, [ See definitions
Licensee No. No. Category Dat=z U-233, or Pu) ® 20, 21, & 22)
General Electric Co. 1097 70-1113 LEU 08/05/90 13,361 The ID waes within its
(Wilmington, N.C.) expected renge
Nuclear Fuel Services 124 70-143 HEU 08728790 -1,746 The 1D was within 1ts
(Erwin, Tenn ) regulatory limit.
HEU 10/31/90 ~3 . 252 The ID was wichin itse
expected range.
HEU 12731790 294 The ID was within itse
expected range.
HEU 03/05/91 2,395 The ID was within its
reguiatory limit.
HEU 05707791 1.32% The 1D was within its
expected range.
LEU 12706, 90 -1,091 The ID was within its
expected range.
LEU 0671391 -1.,686 The ID was within its
expected range.
UNC Naval Products 368 70-371 HEU 077153790 237 Trte ID was within ~ 3
{Montville, Conn.) expected range.
HEU 09/14/90 -39 The ID was within . . ¢
expected ranme.
HEU 11716790 ~ 443 The ID was within its
regulatory li=mit
HEU 01718/91 -93 The ID was within its
expected range.
HEU 037/15/91 ~592 The ID was excessive,
but was resolved.
HEU 05717791 -9:+3 The 1D was excessive,

but was resolved.
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