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ABSTRACT de s i g n an accountancy plan for the BNFP with

y

'j appropriate material control areas (MCA), flow
and inventory key measurement points (KMP), and

Allied-Ceneral Nuclear Services has devel- ge ne r a l requirements. It did however become

oped and demons trat ed under cold tes t ing condi- quite obvious that the only way to ach ieve the,

1 tions a computerized nuclear materials control primary objectives was to improve and automate
and accounting system for a large reprocessing the accountancy techniques for the BNFP.'

9e plant. Th e system provides computerized data

(!! acquisition, calculation, and retention for AGNS ACCOUNTANCY DEVEl,0PMENT PROGRAM

conventional account ing me asurement s as well asg|
g for near-real-time estimation of in-process

el inventories and material balances. Application The ACNS account ancy development program,

y of this system as a tool for meeting projected which was started in 1973 and has continued
9i safeguards requirements appears likely. since 1977, under contract with the United

$f States Department of Energy (DOE), consists of
the following major element s.g,

"j INTRODUCTION
h; 1. Improvement of bulk measurement methods.!

L'
[ The primary objectives of a nuclear facil- 2. Computerizat ion of dat a acquisit ion , both
|9 ity account ancy sys tem are first to meas,re and from the plant and the analyt ic a l labora-
(' account for all nuclear materials handled by the tory.

[ plant; second, to perform these measurements
L with a high degree of timeliness and accuracy; 3. Computerization of the accountancy func-
( and third (and perhaps most important), to t ions which include masurement sequences

% perform the measurements with a minimum of cost for the KMP's, measurement control,
and interference for the operator. When one recordkeeping and reporting, and datay'

l considers nuclear material accountancy for a evaluation and verificatien.

i' large fuel reprocessing facility, it appears

}! that these object ives are unobt ainable. 4. Development of t e ch n iq ue s to es timat e in-
I' process holdup or inventory which could i

f To put this problem in context, consider allow freq ue nt closing of plant material

|j , the Barnwell Nuclear Fuel Plant (BNFP). The balances.
annual th rou gh pu t would be 1500 metric tons of;

r, enriched uranium and 15,000 kilograms of pluto- 5. Development of process ronitoring techni-

1: niun contained in over 3000 liquid batch mea- ques which could not only provide in f o rm a-
Z surements, 500 hulls (fuel cladding) containers, tion for accountancy, but could aid the

[ and several thousand trash and miscellaneous operator in running the plant more safely

f waste containers. Simply keeping track of and ef ficiently.

5: throughput is a monumental task, to say nothing

$1 of maintaining timeliness and accuracy and 6. Demonstration of the developments by full

3 minimizing cost and impact on cperations. scale plant tests using natural uranium as
g
0 I feed.

It was with these factors in mind thatpq'
Allied-Ceneral Nuclear Services set out in the Three major Foals were established for

F early 1970's to develop a system that would this development program. These were to:

{ accomplish the accountancy objectives for the

(} BNFP. 1. Develop a sys tem that could meet NRC, DOE,
and 1AEA requirements and goals forL;

j; It was not particularly difficult to accuracy, se ns i t iv i ty , and timeliness.
(_-a
fI
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2. Demonstrate a systen that is operable an' d Storage capabilities include magnetic tape,maintainable using plant personnel.
RLO! 5.5 megabyte disk sys tem, a nd a n 8 8 se p e- 7

one

byte RPO4 multihead disk system. Up to 7.3. Demonstrate a system that will aid in cost 16 terminals can be supported including 1.Al20 #
ef fective and safe operation of the facil- printer / terminals, VT-100 video terminals, 4-ity, rather than hinder it. LA-180 printer, Centronics line printer. I

Intecolor Video Console, and a VT-30H video
The result of this program is the ACNS graphics system. MACS also emulates a terminalC,omputerized Nuclear M_aterials Control and for the LDS sys tem and receives, so r t s , and

-Accounting System or CNMCAS. stores all analytical data reported by LDS.
Terminal links to other areas such as the ACNS
Administration Building are generally over spareImprovements in Bulk Measurement Methods telephone lines.

The majority of the bulk measurements at The LDS Computer is located in the Analyti-the BNFP involve batch measurement of nuclear cal Laboratory Area. It performs the variousmaterials contained in liquid feed, product, and lab functions, including sample logging , sample
waste tanks. As a result, the ACNS effort has number assignment, computation of result s fromcentered on tank calibration methods, dip-tube input variables, and control of the Standards /QC
manometry, use of high precision dif ferential Program. Many analytical instruments are
pressure instrumentation (such as the Ruska directly interfaced to the computer through~'
Electromanometer), selution mixing and sampling converters or micro ptocessors. LDS has disk
methods, and procedures for measurement and and tape data storage and multiple terminals.
measurement control. LDS uses phone lines and installed cables for

data links.
The net result of this effort has been a

steady reduction of material balance uncer- PDS is also located in the Control Roomtainties during the plant scale testing. These A re a . It is used for development and initialimprovements are discussed later in the text of t' sting of new programs and as an on-line backupe
this paper. to MACS. It has a number of printers and video

terminals, one 5.5 megabyte RLOI disk system.
Table 1 presents the results of a bulk one 88 megabyte RPO4 disk system, and a magnetic

measurement assessment test conducted in 1979, tape sys tem.
This test reflects the measurement possibilities
that can be achieved using the techniques and The MIU Computer is located in the ACNS
equipment tes ted by ACNS. Safeguards Coordination Center (SCC ) . This

computer will be used as an archiving and report
generation unit in the future. It has been used

COMPUTERIZATION OF THE ENFP ACCOUNTANCY SYSTEM in the past to collect and store complete sets
of instrument readings from RDAS after each
four-minute cycle and has baen used for of f-line

Computer Hardware Description data analysis.

The RDAS/ MACS /PDS systems are powered
The CNMCAS system consists of five Digital through the Separations Facility uninterruptibleEquipment Corporation (DEC) PDP-Il mini- power system. This system assures reliable,

computers. These are the RDAS Computer Qemote regulated elect rical power to the computers.Data Acquisition System), the MACS Computer The LDS Computer is on a separate uninterrupti-TMaterials Accounti7tg and Cont rol Sys tem),
~

the ble power system in the laboratory. The MIULDS Computer Qaboratory Dat a Sys tem), the PDS system runs on direct commercial power.Computer (Program Development System), and the
M1U Computer (Management In Grmation Unit). With the exception of the LDS Com pu t e r , aFigure 1 shows the layout of these computers. real-time operat ing system (DEC's RSC-IIM) is

,,

used and programs are written in Basic-Plus-2 or
| The RDAS Computer performs the functions of Assembly. LDS uses a time-sharing sy s t em (CEC's| reading the plant instruments, converting the RSTS-E) and Basic-Plus language.'

instrument outputs to engineering unit s (i.e.,
em of H 0, *C, etc.), and providing specific2
readings to the other computers on demand. RDAS
is located in the Control Room Area. COMPUTERIZED DATA ACQUISITION

MACS is the main processing computer and is Process Measurement Instrumentslocated in the Control Room Area of the plant.
It performs all the calculations, etc., required Process measurement ins t rumen t s read byfor the various accounting and control programs. RDAS include such things as liquid level, liquidIt sends the data commands to RDAS, as needed, density, temperature, and flow rate instruments.receives the data, executes the programs, stores Some of the on-line analytical instruments*

results, and transmits to the various terminals.
installed in the BNFP, such as alpha, gamma, and

1
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4 (called a Unitherinal Reference Plate) ins ide thej neutron monitors, can also be read directly by
RDAS. The rejority of these instruments trans- computer. The plate temper ature is sensed using

.

mit an analog volt age or current signal to the a resistance thermal device. The vo l t a g e read-
p a Control Room Area where the output is recorded ing and ref erence junction temperature are then

9f on strip charts or indicated on dials or gauges used to compute the sensor temperature with an

di and picked up by RDAS. RDAS program. Over 130 thermocouples are cur-
rently read by RDAS.

4 Several different methods are used to The data acquisition programs and hardware
f interface these ins t ru ae nt signals to the com-
} puter system. Two types of interface units are receive the output signals from the pr oc e s s
' used for this application. One device is an ins trument s (levels , densities, temperatures,

analog to digital converter and controller and flow rates) and the on-line analytical

Lj called a wide-range controller. This device, instruments (such as tne alpha monitors). With

which is itself controlled by the RDAS Computer, the exception of several of the on-line
|

|

is used to multiplex up to 512 analog signals analyzers wh ich are connected to LDS, these
I-

into RDAS. ne other device, called a Universal instrument s are connect ed to FDAS via one of the,

) ,

3 Controller, is used to pick up digital signals controllers described earlier. The pr ogr ams

j and to transmit control signals from RDAS. control the order of reading each ins t rume n t (or
controller channel) and convert the signals to

j Liquid le ve l s , liquid densities, and flow engineering units using the specific calibration
.

generally measured with dif f erent ial data for each instrument. These readings are
j rates are

g pressure instruments which have electrical then " handled" via one of three dif ferent "sc a n
I analog (current) outputs. The differential modes" as shown below. The readings are stored

} pressure represents the pressure drop across an in memory in RDAS and are available to all the
orifice (in the case of the flowmeters) or the other computers on demand.

,] back pressures across a pair of purged dip-tubes
(in the case of liquid levels or liquid den- I ns t rume nt s are assigned to one of three

1 sities). Over 300 of these transmitters are " scan modes" to accommodate the different4

j
currently connected to RDAS. req uir eme nt s . These sean modes include:

A special, high precision differential Scan Mode 1: Cencral ins trument s - one reading

'f pressure device, called a Ruska Electromanome- per cycle, no averaging. Cur-

ter, is used at ACNS for primary accountability rently a complete reading cycle is
y ], liquid-level and liquid density measurements accomplished in 4 minutes.

U| made at Key Measurement Points (KMP). This

u'i device, which consists of a quartz bourdon tube, Scan Mode 2: SpeciJ1 readings - locks on and
an electronic rensing system, and a digital reads all Scan Mode 2 ins t rument s

| voltmeter (DVM) readout, provides accuracy for 20 seconds, saving all read-y ,f
a approaching the limiting capability of the ings. Computes average and

];j dip-tube measurement system. (The pressure sto ns. Memory re t ains last five
wm change resulting from formation and dispit ment averages.

3 [ o f th e air bubblers on the tip of the d ' tube5

C can be measured with this instrument.) Ruskas Scan Mode 3: Same as Scan Mode 2, except three

at AGNS have a range of 0-700 cm with an averages retained,j]
g ,1 uncertainty of about 10.04 cm or 0.006* o f full
3.| scale. The Ruska device is, however, suscepti- RDAS also has upper and lower alarm for
;? ble to shifts in the "zero" value. This is due each in s t ru me nt reading and can print out alarm

on a video terminal.to the inherent instability of the "zero" value messages or display alarms

.}|} cn the DVM. To overcome this problem, an moto-

? -| mated, computer-controlled zero-check routine Laboratory Analytical Inst rument s
vas set up for each Ruska. On command from the4 ,|

Et computer, two solenoid valves are closed. Laboratory instruments are interfaced to
j' blocking off t h dip-tube sensing lines and a the LDS Computer sys ten. Two laboratory instru-

$n third solenoid is opened, equalizing the pres- ments, a mass spect romete r and a multichannel
sure on both sides of the Ruska pressure cell. analyzer have their own dedica ted minic omput e rsM

% The computer then reads the "zero" value and for control, data acquisition, and data reduc-

h deducts it from the actual reading (taken tion and are connected to LDS via a serial data
% previous to the zero che ck ) . The solenoid link for reporting and long-term storage of
3 valves are then switched back to the normal data,

configuration. This is typically done once

M every 4 hours. AGNS currently has nine Ru sk a Other laboratory instrueents are linked to
1, units in service. the system with a Laboratory Instrument Inter-

face Unit (LIlU). This unit also serves as an
The output potential voltage of each ther- i n p u t'/ o u t p u t terminal to enter analyst and4 mocouple is read directly through the wide-range sample identification, to prompt analyst entry,

controller. To compensate for reference temper- and to print data and results. Analytical
,g
.i ature, the terminal junctions of each thermo- ins t rume nt s linked to the computer in this man-

couple are made on a special insulated plate ner include densimeters, titrators, spectro-

e.

e
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meters, fluorimeters, and balances, cess control purposes. This cummary includeo
all readings, calculated volumes, and weights
and a measurement comparison analysis.

On-Line Analytical, Instrumentation

A variety of on-1ine ana1yzers are Measurement Control
ins t al led or planned for the BNFP, including
alpha, gross gamma, and X-ray fl ;orescence moni- The measurement control program, wh ich is
tors, isotopic concentration monitors (Famma), run in parallel with the measurement programs,
spectrophotometers, and de ns i t y meters. These provides for various automated checks and com-
devices can be used extensively in estimating parisons of reasurement data to:
the process holdup or in-process inventory and,
as a result, are connected to CNMCAS. Frequency 1. Identify and control measurement anomalies
of reading depends on the count-time for each prior to transfer of a batch and prior to
ins t rume nt . Computer-collected data on process acceptance of data into the accounting
volumes and flow rates, combined with current files. This is done mainly by comparison
composition data obtained from the on-line of readings from redundant instruments,
monitors will permit rapid and frequent holdup comparison of duplica te measurements, and
estimates, comparison of related ceasurements, such as

lab density and in-t ank dens ity.

ACCOUNTANCY FUNCTIONS 2. Provide trend and error analysis from
stored data.

Measurement 3. Propagate limits of error for reasurement.

The measurement programs, which reside in
MACS and PDS, coordinate batch measurement Automated Calibration
activities for the process XMP's. These pro-
grams acquire data from RDAS and LDS, prompt the One of the major problems in any accounting
plant operator to perform various operational system is identifying and controlling measure-
steps, calculate solution and uranium quanti- ment errors. At the BN FP , the majority of the
ties, print batch summaries, and transfer infor- measurements are made with dif ferential pres sure
mation to the accounting data base on completion devices o , pneumat ic dip-tubes . Freq ue n t cali-
of each ba t c h . A typical function sequence is bration of these instruments is necessary to
given below, insure maximucr precision, however manual recali-

bration is expensive, time-consuming, and
1. Batch Initiation - Next sequential batch d i sru p t ive.

number as obtained from the accounting
programs. As an alt e rna t ive , ACNS has designed and

installed a computerized, automatic calibrat ion
2. Before Receipt Measurements " Heel" volume system fo r 30 selected differential pressure

in the KMP i s de te rmined . This is gener- t r ans mi t t ers . The system provides for redundant
ally the " heel" from the previous batch. measurement of the dip-tube differential pres-

sures with a high precision reference standard
3. Before Sample Measurements -A set of level (parallel code) or calibration of an ins t ru me n t

density and temperature measurements is "of f-line" with selected pres sure inp u t s (cali-
taken after the KMP is filled and mixed. brat ion mode ). In botn cases, the computer

controls electric so le noid s for n)de and instru-
4 Sample Request - MACS se nds a sampler batch ment selection, collects data from both the

number and required analysis, selected ins t ru me n t and the reference standard,
calculates and mair 'ains a bias adjustment table

5. After Sample W asurement - Upon receipt of and retains historical records for review and
a re s s a r e trom LDS that acc ep t ab le samples analysis. With this system, standard process
have been taken, MACS obtains another set ins truments with sys tematie errors reaching 2-5:
of level, density, and temperature data. of span can be routi.'ely corrected to 20.2%.
Volumes are calculated and estimates of This system offers a relatively ine x pen s ive
uranium concentration are made based on alternative to the purchase of more stable

| solution density and tempe ra t u r e . This ins t ru me n t s or fr eq ue n t manual recalibrat ion.
information is provided to the mea suremen t
control programs to give an indication of
the random component of the error factor.

Item and Seal Control
6. After Transfer Measurement -A set of heel

measurements is made after the batch is The item and seal control fun tion involves
t r ans fe r red to the rec e iv i ng tank. control and accountin? of ide n t i f iab le it em s

such as fuel assemblies, pr od u c t or waste con-
A surnary report is then generated for pro- tainers, and t amper seals.

i

>
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(8 Inputs)t3_g; - ( 4 0ut put s )t!-t2Physic al Inventory (IP1)tg +

- (IP1)t2 = (MUF)
,

The phy sic al inventory programs coordinate
performance of the plant physical i.nv e n t o r y , The advantage of this approach (as compared
acquire instrument and analytical dat a for each to conventional accounting with annual cleanout

} vessel, calculat e quantities, generate status inventories) is that a small throughput is,

reports, and monitor inventoried vessels for a involved with a resulting smaller uncertainty.

unauthorized changes. | If a material balance closure was made at least-

j every five days, the estimated balance
uncertainty would be about 8.0 kg (see Table 2).

Accounting More f reque n t closures and application of
decision theory techniques would reduce the

The accounting programs define accounting uncertainty (and conversely, improve loss detec-
control units and produce accounting summary and t ion) even more. Compared to the uncertainty of
material balance reports. (Accounting control 75.0 kg for an annual balance, near real-time

! units consist of individual measurement batches, accounting appears to offer significant improve-
lots consisting of seve r a l batches, and an ment in capabilities.

inventory period consisting of several lots.)
Lot numbe r , batch number , and me asureme nt point
number are controlled by the accounting Process Monitoring and Surveillance

programs.
With the readily available process and ana-

lytical data, the possibilit ies for computerized
Near-Real-Time Accountine process cunitoring and surveillance applications

of the CNMCAS system are virtually endless,
limited only by the ingenaity of the safeguards

The near-real-time accounting programs personnel and the resources available to develop
developed at ACNS provide the capability to and install sof tware and hardware needed for the
estimate the current holdup or in process inven- functions. A wide vcriety of approaches have

tory for the separations plant. (Current pro- been identified at the Barnwell Facility and

grams are for uranium holdup estimation, however have been set up on a demonstration basis.
the techniques are directly applicable to pluto- Examples of typical programs include:
nium estimation.)

1. Quantity Transferred Versus Quantity
Performance of the in process inventory Received Progr am - This program monitors

measurement requires th a t liquid-level, density, t rans fe rs into and ou t of key measurement

and temperature readings Le taken for each tank points and compa res shippe r / rec e ive r vo lu me
that contains SNM and that an estimate of and tranium content,

uranium / plutonium concentration be es tablished
,

for each tank. An immediate concenttation esti- 2. Sunnary of Tank Trans f ers - This program is
mate is obtained f rem on-line conitor readings, similar to (1) above, except that trans fe rs

or by derivation from process parameters such as within the material balance area are moni-
solution density. When subsequent analytical tored on a near real-time basis. Volume

5
analysis results are available that data is com- dif ferences of less than 500 milliliters

e
pared to the on-line data and then substituted h ave been detected.

e for the in-line data in the inventory calcula-
tions. Hold ups in columns are being estimated 3. Measurement Program Status - This program
in a number of ways including modeling, mea- keeps track of the current status of multi-

,

4. surement of column weight changes, and through ple, simultaneous measurement rograms and
i performance of running material balances. Waste provides a coded display of the st atus for

.F streams will Fenerally have on-line analytical the account ability personnel .

monitors associated with them. Combining

d} measured flow rate with the output of the on- 4 Penetration Surveillance - This program

h line monitor will permit estimation of material monitors de tect ion ins trument s on pene t ra-

%, loss via each of these streams. Process line tions th r ou gh the process containment and
1 volumes have been determined. By applying provides an al a rm me s s a g e if unauthorized

]> appropriately estimated concentrations, the line activity is detected.

] | hold-ups can also be es timated.
5. Storage Function - This is a program to1 i

/| With th e capability to me a s u r e current monitor level , dens ity, and temperature of

3 in process inventory (IPI) and with the avail- Plutonium Nitrate Storage Tanks. This

Y ,, ability of timely and accurate throu gh pu t data, program can be written to discriminate
material balances can be closed at a high between " normal" changes in t ank pa r ame t e rs
frequency. The balance formula uses IPl data to due to evaporation and radiolysis ande

| establish beginning and ending inventories and " abnormal" ch anges .

4 '. the input and ouput changes for the t ime period
h( constitute th e th rou gh put . A standard material 6. Data Base Edit Log - This program monitors

j balance equation can then be written as follows: and records ch a ng e s made to the data base.

%
, K;
I:
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The example printout is a summary of Mini-Run Testing
changes to the accounting files.

In 1980, reduced funding levels required
Another process monitoring application is ACNS to find a less costly rode of tes ting and,

in the area of process control. Since CNMCAS as a result, the mini-run cycle was devised.
has ac c e s s to process instrument readings and This cycle, as shown in Figure 1, involves
analytical data, it can be a powerful tool for cycling uranium solutions through the plutonium
the process operators. CNMCAS has been pro- purification process in a closed loop, suppo r t ed
grammed to provide this type of information via only by the solvent recycle system, the acid
a number of demonstration functions. These recovery / condensate recycle systems, and the
include such things as a process status report process of f gas system. During 1980 and contin-
which is updated every 15 minutes, a set of uing through 1981, a series of these mini-run
colorgraphic video displays of process systems experiments with the primary objectives being to
which are updated every four minutes, and an refine in process inventory and process monitor-
ope r a t o r assistance program which calculates ing t ech niq ue s .
quantities and readings for a feed blending
procedure. In addition to this, a number of
programs are available which give current Mini-Run Process and Equipment Description
instrument readings; calculate current tank
volume and freeboard; and provide plant location The mini-run cycle consisted of four
coordinates for plant instruments, valves, pulsed-column contactors (2A, 2B, 3A, and 3B);
pumps, etc. These programs are available to the one packed column (3PS); a product evaporator
operators on demand at a number of different (3P concentrator); and seven product , feed, and
terminal locations. blending tanks. Support systems included

aqueous waste tanks, a va s t e evaporator and an
acid frac t iona to r , a so,1 vent surge and recycle

PLANT SCALE TESTING OF CNMCAS tank, an of f gas system, and associated process
and chemical distribution systems. This repre-
sented a cross section of typical reprocessing

Full Plant Testing plant eq u i p me n t and, of course, involved the
plutonium cycle which is of primary safeguards
concern.

Initial testing of CNMCAS involved the
entire ACNS solvent extraction system and A modified Purex sol ve n t extraction flow-
involved ceasurement, measurement control, and sheet, using 30 volume percent tributyl phos-
accounting programs for " conventional" ma t e rial phate (TBP) in a refined kerosene diluent, was
balances. Since the data acquisition, calcula- used. Unirradiated natural uranium was used in
tion and material balance accounting was kept place of plutonium for the system tests.
nearly current with the computer; a near-real- Uranium feed for the process is provided by
time book physical inventory record was recycling the concentrated uranium product
available. solution.

Between 19 7 7 a nd 1979, almost 500 metric The normal starting inventory for each run
tons of natural uranium were cycled through the was 400 to 500 kilograms of uranium. After
process and measured using CNMCAS. During this attaining equilibrium, a " process holdup"
period, data from over 1790 batch measurements (pulsed columns, lines, product evaporator) of
and 10 physical inventories were collected and about 70 to 75 kilograms was observed with the
analyzed. A summary of the results of these rema in ing material distributed among product
tests is shown in Table 2. Table 3 presents the tanks,
results of a batch measurement comparison test
conducted in 1979 As can be seen, a signifi-
cant improvement has been achieved by applica- Test Descriptions
tion of new instruments and calibration
tc:hniques and through computerized dat a acqui- Six mini-run tests have been conducted.sition and quality control. It should be noted, Each run was seven days in duration, except for
however, that results of this level cannot Mini-Run No. 5, which was five days long.
presently be achieved in a " hot" plant. It is Table 4 summarizes the purpose and activities of
estimated that the "true" uncertainty would each of the runs,
slightly more than double, primarily due to
problems with sampling and analyzing radioactive
solutions. EVALUATION OF MIN 1-RUN DATA

As measuremant techniques and computer
programs were i= proved, AGNS began to experiment Conventional Accounting
with in process inventory or holdup es t imat ion.
These experiments were initially conducted for Table 5 is a materials balance summary ofthe entire process with computerization of the the first five mini-runs based on conventionalprogram in 1979

accounting. A total of 3995 kilograms of

1581INMM Proceedings
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/ uranium was processed during the runs at a definite applicability for diversion detection.

9- nominal rate of 150 to 200 kilograms of uranium Plant scale tests indicate that sensitivities on
J per day. 'Ihe cumulative ID for the five runs was the order of 2% of the normal process inventory,.

'
; 13.3 kilograms of uranium (0.33% of throughput ) are achievable. This should be sufficient to

with a 2a uncertainty of 11.7 ki1oFrams detect loss of plutonium at the 8 kg level Mg r. ,
'

(0.29%). short inventory periods. Since the determina-
2 s tion is throughput dependent, however, it is of

y The relative parcent values for ID and LEID no benefit over long inventory pe ri od s , i.e.,'

j i are not as good as 1978 and 1979 results. This once or twice pe r ye a r .
i } is due in part to the fact that waste losses,
j j which are normally difficult to measure pre-
E ctsely, were large compared to throughput (15% Process Monitorine
( f of throughput during the mini-runs as compared
V , to 1% of throughput for full plant runs). As a Process monitoring is extremely sensitive
\ t result, waste measurements had a significant as a loss detector under cert ain circumstances
3 degrading effect on the mini-run overall ( fo r example in monitoring tanks for long-term,

T! materials balance performance. (It should be storage of liquid Plutonium Nitrate). De t e ct ion
d

'

noted, however, that in full plant operation, of losses on the order of a few hundred milli-

z .t these mini-run " waste losses" would actually be liters per day is poss ible .
internal recycles and would not significantly

4" impact full plant data evaluation.)
rl., Bene fits of Computerized Accounting

j,' The cini-run ID slightly exceed s the LEID,
* which is not desirable. This has been traced to When one considers th e cost of installing
l an upset in Run No. 1. The first mini-run was an advanced comput e riz ed accounting system is

( k, very erratic in terms of system / column opera- estimated to be ov e r $6 million for the entire
I tion. Inventory data showed a considerable loss AGNS facility, there must -be some significant
i, of organic from the mini-run system, likely benefits realized from the system to justify its
,!.' caused by column upsets and overflows. The ins t al la t ion.
(' materials balance data reflect the quantities

h) associated with this loss. Subsequent runs Purely from the safeguards standpoint,
9 finally recovered most of this material indi- benefits include:

$q.
cating that the " missing" organic was probably
distributed as undetected layers on peripheral 1. Improved Accuracy - The computer reads the
mtnt-run storage tanks. instrument output directly eliminating

errors from chart calibration, estimation
Thus, inventory measurement procedures must of fractional chart percentages, and human

j consider the possibility of two phase solutions errors in reading and transcription,
y at all measurement points. The results also

point to constraints on measurement technology 2. Improved T imeline s s - Current accountingj .

4 and implementation due to plant design. The data is available on a near real-time
y mint-run system is an isolated portion of the basis.

fuel reprocessinz plant. The full plant is
11E- interconnected with recycle pathways, and it is 3. C alculat ion s and Monitoring - Use of the
Ih- difficult to isolate a portion of the plant and comput erized sys tem pe rmi t s such things as
'

monitor all possible routes of material in and near real-time accounting and process
out. An effective safeguards system must surveillance that simply could not be done
consider the full plant. by hand with a reasonable riumbe r of ope ra t-

A ing and accounting pe r s o n ne l .$
M In-Process Inventorv Determinations The cost benefit of th is system is, how-
h ever, best realized on the operating side. If
4 During the course of the six mini-runs, the computerized accounting system can contri-

] about 1250 in process inve n t o r y determinations bute to only about 15 additional operating days
;g were made at th e rate of one per hour. These during its lifetime, it will have paid for
Q determinations were then conditioned, sorted, itself. These additional available operating

and fed into the LANL DECANAL (Decision Analy- days can be expected to be gained by shortening
sis) pr grams. (Results of these analyses are or eliminating the downtima required for physi-Tg reported in the next paper.) cal inventories.

d
CONCLUSIONS

1 Near-Real-Time Accountinz
'[4
s.
;{ ACNS analysis of the secuential MUF values

ind ic a t e s that near-real-tima accounting has

1.E

@
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