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ABSTRACT - ST T

The principal objective of the ORNL Integrated
Safeguards Program (ISP) 1s to provide enhanced
material accountability, improved process control,
and greater security fcr nuclear fuel cycle
facilities.

With the improved instrumentation and computer
interfacing currently installed, the ORNL 233y
Pilot Plant has demonstrated capability of a near—
real-time iiguid-volume balaace {n both the
solvent-extraction and lon-exchange systems.

Puture developments should iucfude the near-
real-time mass balancing of special nuclear
materials as both a static, io-tank summation and
a dynauic, in-line determination. In addition,
the aspects of site security and physical: protec-
tion can ba incorporated Lnto the computer
monitoring. g

INTRODUCTION

Safeguards is the systea tha: ensures the pro—
tection of a nuclear facility and the materials
therein, particularly the specizl nuclear
materials (SNM). ‘I‘he Oak Ridge Natfonal
Laboratory (ORNL) 2 33g Pilot Plant safeguards
aystem incorporates three functions: physical
security, internal control, and accountability.

As defined vithin the Pilot Plant, physical
security is protection of the site, its boundary,
and the facility. Iuternal control is subdivided
into materials -ontrsal snd personnel control.
Materials contr.sl includes all required direction,
regulaticn, anc verification for pcoper materials
storage, movement, and location. Personnel
control consists of appropriate acthorizations and
restraints to permit necessary access and movement
of personnel within the site and, as s separate
entiry, the facility. Accountability applies to
21l muterial inventory activities.

‘Operated by Union Carbide Corporation under
eontract W-7405-eng-26 with the U.S. Department
of Energy.



OPERATIONAL HISTORY

Twice during the last twelve years, the ORNL
Building 3019 2 3y (Radiochemical Processing)
Filot Plant prepared large kilogram quantities of
233UOx for tests 1in reactors. The operations per—
formed within the Pilot Plant were dissolution,
solvent extraction, ion exchange, oxide
conversion, and blending. The first tima, the
customer pelletized our powder and fabricated fuel
rods, which provided the entire fissile core for
the Shippingport, PA light water breeder reactor.
The second time, the Pilot Plant loaded and sealed
the powder 1in special fuel packets for tlie ANL
Zero Power Reactor Experiment.

Over these two operational periods, the inven-
tory difference (ID) and the limit of error on ID
(LEID) were both consistently below 0.5%.*:This is
an unprecedented achievement for a fuel repro- ~
cessing facllity and was made possible by (1) con— -
sistent quality of process materials; (2} limited
variations in process conditions; {3) time-shared
cemputer assistance for inventories; (4) non-—
destructive analysis (NDA) of waste materials
(continual gamma spectroscopy over 90 d); (5
accountability by routine shutdown-cleanout
inventory; (6) the ability to cease operations
when closing the material balance; and (7) the
large number of samples taken, larger than normal
for a production facility. .

CURRENT PROGRAM

The ORNL 232y Pilot Plant Section has deve-
loped an RSD program in safzguards because of the
national urgency for reduction of the ID/LEID of
all facllitles that handle SNM. The principal
objective of this Integrated Safeguards Program
(ISP) is to provide enkanced material accoun-
tability, improved process control, and greater
security for nuclear fuel cycle facilities by
totally integrating all aspects of internal
control and physical security into the monitoring
and accountability system. Subsidiary objectives
include minimizing the ID/LEID, quickly detectirg

*The ID/LEID performance was described in ref. 1.



material diversions, and providing capability for
ample warning to the appropriate authorities 1if
process anomalies occur. Capability for limfted
uge denial under abnormal circumstances way also
be warranted. All normal operational aspects of
ISP must be designed to prevent. interference with
the management and operators of the facility.

Improved iastrumentation, with receatly
installed computer hardware and software Inter—
faces, currently ullous operations performed in
the 2 233y Pilot Plant® to be monitored as an
accura’te, near-real-time? liquld volume talance in
the solvent extraction (SX)’ and fon exchange (IX)
systems. The comwputer system i3 dedicated to the
task of monitoring both the process and safeguards
activities and has the potentfal to provide for
onsite and offsite process and operations woni-
toring and control by any combination of plant
operatcrs, plant management, and inspectors. This
type of system would thea provide aa onsite aand/ot
offaite link to nuclear fuel operations and can be
the link betv..en having a full-tige resident
inspector and enforcing nmational safeguards.

OPERATIONS

The 233y Pilot Plant computer has been fully
oparational aince February 198C. The system is
capable of producing a statie, or dynamic, liquid-
voluze balance in any group of vessela by calcu-
lating a net summation of system volumes before,
during, and after transfers. i

An active, nzar-real-time, total-liquid volume
balance has bean maintained by the computer during
two SX runs cZ ~4d each. The computer and:asso~
clated instrumentaticn monitor all tramsiers, and
the computer provides alarms when the system
volune appears to deviate from expected vormal
operation. The static and dynamlc bulk guanticy
balancing, including both liquid volumes and solid
wasses, 1Is calculated for all operatioral systems
and transfers. TFor accountability purposes, this
composite, when complemented bz analytical
results, 1s the basis for :ha 33y Pilot Plant
meterials inventory.

RESULTS

More than 160 volume balances have been per—
formad in the 233y pilot Plaat process systens
between March 1980 and January 1981l. Two SX runs
lasting a week each were completed, one in July
1980 and one in Januvary 1981.

Tne volume balance data is summarized and
pricted out by the 233y Pt1oc Plant computer. A
*The Facility-Integrated Computer System (FICS)
has been described in cefs. 2 and 3.
tNear-real~time 13 the vquivslenz of a maximum
15 s to 30 min delay in determining the in-procezs
material inventory and the assoclated ID and LEID
in ocur facility.

#The S5X system has been described in ref. 1.




dynamic volume balance i3 a comparison of liquid
voluze before and during system operations (i.e.,
while the system is dynamic). A dynamic balance
18 conducted for all active systes vessels within
near-real-time. A static voluae balance Is & com
parison of liquid volume before and after single
transfers. Both types of printout, from dynamic
and static volume balances, contaic dats In the
sane format. Table 1 shows the variables calcu-
lated by the computer.

Table 2 lists the data obtained from examiaa-—
tion of the computer printcuts from 166 volume S~
balances. In order to improve the quality of the -7
physical data from the computer, a qualitative
{and subjectiva) analysis of the volume balance
vesults was conducted.

The wmean of the 42 in-liai:, static, non-jet
volume transfers is -0.180.* .The sean of the 3i
in-1ipit, static, Jet transfers 1s +0.6597. 1t was
assumed that the two means and groups of data are
from different populations and that thelir dif-
ference of 40.870 1is significant. If tbis 13 a
significaat difference between the oeans, too cuch
volume, on the averags, appears ian the jet
transfer balances; the source of this excess
volume {s the mathematical addition of 52 dilvticn
to the quantity vy — vy « By cathematically
reducisg the fo-limit, jet-transfer volumes for
vhich .t least 25% of the volume-transfer uncer-
tainty can be attributed to dflutiont and then
equating the jet~transfer mean to that for the
nonjet, static-transfer omean, the odst probable
dilution factor has been calculated to be ~1Z with
a maximum upper limit of 2Z. If this nominal 1X
dilution factor 13 adopted, the following data
replace those in Table 2: =~ .- |-

Static, with jet transfer ~ '3

AV posizive 20 (In) 11 {(Out) 31 (Total)
AV negative 8 8 16
Totals 28 19 47

These new data more accurately reflect the results
from the nonjet, static transfers.
In addition, the true uncertfinty on the
volume~balance differencoe (V — V ) correlates wore
closely to lo or 68% confideance and not the 20 or

*The mean, M, 1s calculated from:

m V-T') = 2
'] -% I [.(_)k._—} : N
k=1 20y

vhere V, V', and 20 on ¥V = V' C(all in L) are
defined in Table 2. In limit neans no error
massage occurred and 20 > V-V',

tIf the transfer-volume uncertainty is much larger
than the estimated volume of dilution, no signifi-
cant volume difference is noted between 0 and SZ
dilutfon. Thus, enough dilution volume 1is
required for it to be significant vhen compared
with the total volume changec.




23% conffdence as originally thought. ® The propa-
gation of error (POE) should give 20 or a 95T con-
fidence level; however, when the data from all 150
valid volume balances are evaluated, as shown 1in

Table 3, the results show closer correlation with .
the 1l0/68%~confidence lavel. (See Pig. 1.} . . .o el

CONCLUSTIONS . - P
Volume uncertainties and differences_can be
caused by many physical and eavironmental factors,
such as nonlinear changes with differing salt and
acid concentration, layering {zonatxing), nonuni-
formity of ring and other packling In tanks,
calibracion errors, temperature, and evaporation.
Larger volumes tend to have greater uncertalaties;
&nd, therefore, these uncertaiaties tend to domi—
nate the total volume balance uncertainty. Often,
these volumes contain very dilute or no SN¥ (e.g.,
the liquid waste). Thus, a near-real-time SN
mass inveatory must include both flow and con-~
centration (direct elemental and isotopic)
measurements. Thus, true SNM quantity, aand not
volume, 1is vhat must be measured and provide for
either self-correctlion or warning of differences
caused by physical and environaental factors.

A methndology for dynamic, near-real-time
voluzme balancing has been desomstrated. The
volume balance technique requires only information
already available for process control.

PUTURE PROGRAM

To obtain a near-real-time S¥M-mass-balance
materfals~inventory capability.for the 233y pPilot
Plant, more effective analytical instrumentation -
will have to be {nstalled. For 2 static system in
vhich no operations are being conducted (except
possible stiagle~tank: operations, such as cixing),
the mass balance could be determined by fn-tank
analytical instrumentation without extensive 2na-
1vtical sampling. When the systea becomes dynamic
during paterial transfers and operations, in-line -
analytical instrumentation will permit a dynamic,
near-real-time mass balance for the entire 2337
Pilot Plant.

The basic structure of an integrated safe-
guards systes is envisioned as follows. A network
of dedicated microprocessors, cach located at a -
separate iastrument veasurement or detection
polat, collects and analyzes all data iccally.
Individual microprocessors caa provide an alarm
(signal to some higher level in the monitoring
systez and/or to per 1) 1f a pr 1y
is detected. TIdeally, uninicomputers, each of
which reduadantly monitors all of the micropro—
cessors assoclated with a specific and preferably
independent portion of the process or security,
provide the final operational data needed to safe-~
guard materfals and the facilicy. The central
computer(s) contain{s) the overall facility ianfor—
mation that can provide the canagezent or the




enforcement inspectorate with caterial and faci-
lity status, while at the same time provide the
facility operators with data for both safe,
efficlent operation and assur-nce of high—qualit:

product. .
J
Process monitoring can be accowilished in two <y
wodes. First, in the inventory code, the com~. .. . ._ e
putational network should provide a total,; near— ) Ve e
real-time process (SNM) mass balance by adding all = =+ -~

the individually opeasured increments. Thus the
inventory, I, is the sum of the various measured _ N A
wasses of waterial, "3, with appropriate error R

limits:
a
I= E My,
¢ 4=l
and - B T T

n
2 .
a T 0%y,
I i=1

Second, in the differential mode the computational
network, by concentration on the unit process

logle for each part of the process, can provide a
much smaller differential uncertaianty through
redundant and replicate measureaents and by movTe
frequent ta. For ple, if a pump is
running at rated capacity, flow neters on the

{olet and outlet should agree with each other and
with the pump capacity. Thus, for a single inven-
tory entry with mltiple measurement,

°*"1 (the new uncertainty) < 0341."

_ipntz

and Dot
e 2
2 My
e —.
dr L2 :
t1 ~
where ) - ,\ 3
dg/de = Mg; thus - . B
ﬂHl' < °H4' : '
SUMMARY ° j
The ISP has been developed because of the ' .

national urgency for reduction of the ID/LEIDs of .
all facllities that hardle S¥M. The results of
this program will provide, to both management and
inspectors, process material inveatories and long-
term accountablility records. The cajor design
features of ISP are (1) iantegration of all safe-
guarde aspects into a single monitoring and infor—
mation systeam; (2) near-real-time inventory .
determination; and (3) continual independent moni-
toring of all the separate smaller and cften less
diversion-resistant portions of the process and
gecurity systeams, as well zs of the total
facilicy.



We have demonstrated the capablility for near—

real-time volume balancing In an operational
nuclear fuel cycle facility. Since large voluaze
uncertainties axist, converslon of the volume-
balance information Into an SNM mass balance will
be necessary. e e e m e e
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Table 1. Volume balance data (as it appears on camputer printouts) ~ "~
Vessel Pretransfer Posttranafei Net transfer Transfer
ideatiffcation volune voluce out method
1 1 ' 1-71'* 2% a
in va T vg! Ty~ vyt 2 Co
Balance u a T .
Totals I vy (= W) 1o (=v') v~V #t2 b
f=1 1=}

8Method listed; for steam Jet transfer, an asterisk appears and the
quantity (vy — v;') has 5% added to it as a dilution quantity.

Each volume, as calculated, has aa uncertainty (1 o) attached to ft.
The 20 or 952 confidence levels are printed out in the column entitled

“net transfer out.”

If the absolute value of (V - V') fs greater than

the 952 confidence level (20), an error wessage appears under the quan—

tity totals.

Table 2. Results from volunme balance
computer printouts
] Number
Group {(Z of total)

Dynarfic volume balanced®
In-limits, AV positive
AV negative

Out-of~1imits, AV positive’

AV negative

Static voluae balance, Jet transfera

In-1imics, AV positive
AV pegative
Out~of-1imits, AV positive

AV unegative”

Static voluue balance, othcr
({than jJet) transfers .
In-limits, AV positive
AV negative
Cut—of-liaits, AV positivae
AV negative
Unusable (singularities®)

Total

117 (6.6) . _
17 (10.2)
0 (0.0)
6 (3.6)
24 (14.5)
7 (5.2)
12 (7.2)
4 (2.4)" :
21 (12.7) .
21 (12.7) -
16 (9.6)
11 (6.6) :
16 (9.6) .
166 (100.)

da11 dynamic volume balances have at least one jJet

transfer.
one resolvable singularity.

All dynapic balaoces contain at least

bsingularities include: numbecs larger than allowed
for the printer field (asterisks appear iInatead of
2 number); no net volume tranafer (all aVs = O;
usually resolved); tank heel valus undefined

(vi and/or v;' exactly 0.00; usually resolved);

etc.
solvable gingularicfes.

Unusable results contaln one or more unre-

€The 16 unusable printouts include 6 uo-transfer'
balances not fncluded in rhe statistical analyses.




