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ABSTRACT 

In the period 1985-87, the Oak Ridge National Laboratory investigated the possible role of 
p w s s  monitoring for international safeguards applications in fuel reprocessing plants. This 
activity was conducted under Task C.59, “Review of F’rocess Monitoring Safeguards Technology 
for Reprocessing Facilities” of the US. program of Technical Assistance to the International 
Atomic Energy Agency (IAEA) Safeguards program. The final phase was a demonstration of 
process monitoring applied in a prototypical reprocessing plant test facility at O N .  This report 
documents the demonstration and test results. 

vii 





1. INTRODUCTION 

In 1985 the U.S. Program for Technical Support to IAEA Safeguards (POTAS) undertook 
to sponsor Task C.59, "Review of Process Monitoring Safeguards Technology for Reprocessing 
Facilities." The objective of the task was to assist IAEA in assessing the potential safeguards 
value of employment of process monitoring in the chemical processing areas of a reprocessing 
facility. TaskC.59 was administered by the International Safeguards Project Ofice (ISPO) at 
Brookhaven National Laboratory, and it became part of the Consolidated Fuel Reprocessing 
Program (CFRP) at the Oak Ridge National Laboratory ( O N ) .  

The task started with a literature survey for information on applications of process 
monitoring for safeguards. The results of this survey were published as ISPO-255, 
ORNLflM- 1015, Process Monitoring For Reprocessing Plant Saj5eguards - A Summary Review. 
The next phase of the task involved selection and development of specific applications of proccss 
monitoring with a role in international safeguards. These applications were reported in ISPO-275, 
ORNLII'M- 1O458, Process Monituring in Support of International Atomic Energy Sa&gamds. 
The final phase of Task C.59, which i s  documented in this report, wa.. to demonstrate these 
selected applications during a test run in the Integrated Equipment Test (ET) facility at OWL. 

The IET facility is a reprocessing plant equipment development facility. It includes 
prototypical examples of advanced reprocessing equipment in an integrated processing 
arrangement that includes feed, solvent extraction, product concentration, waste handling, and 
chemical recovery. While the IET faci?ity is a test facility, limited to operations with depleted 
uranium, it is a full size, integrated processing plant. Process equipment is sized to prmss  
.5 MTU/'d to simulate operation of m advanced breeder fuel reprocessing plant. Part of the 

installed advanced plant equipment is a computerized process control and data acquisition 
system. The system is interfaced to all plant process contml instruments and mntml equipment. 

Depleted uranium feed soiutions are processed as a surrogate for the plutonium-bearing 
irradiated fuel feed material of an operating plant. Limiting process operations to depleted 
uranium solutions dlows access to plant equipment, permitting easy exchange of equipment and 
variations in flow sheets for testing purposes. Depleted uranium as feed allows operation with no 
regulatory or production constraints. Safeguards applications can be tested under a variety of 
operating and upset conditions not generally available in operating plants. 

The test campaign and safeguards demonstration for the final phase of Task C.59 was held 
at ORNL during the week of December 1417,1987. Five IAEA staff members and an 
International Safeguards Project Office representative participated in the three-day demonstration. 
Acting as inspectors, they used installed computer hardware and process monitoring software and 
were able to detect activities conducted to bypass the input accountancy tank. They were also able 
to detect several removals of material from the operating plant. F'rocess monitoring was also used 
in an accountancy event-logging role and in a role to qualify process data, perhaps for 
near-real-time-accounting data verification. It was concluded that process monitoring shows 
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2. DEMONSTRATION DESCWP"ION/OB JECTrVES 

The purpose of tfie demonstration was to provide an opportunity for personnel from IAEA 
and ISPO to experience the capabilities and problems of safeguards process monitoring 
applications in an operating plant environment. Planning for the demonstration assumed that 
participants would have a generaf knowledge of reprocessing plant operations. 

An agenda (included as Appendix A) was developed to provide instruction on the specifics 
of the IET facility design and operation and the safeguards system. The agenda was developed 
considering that the participants would act as inspectors with the responsibility of inspecting the 
1ET facility. Participants were presented with an introduction to the facility design and operation 
and the computer systems. Participants toured the facility to view operating process equipment, 
instruments, and the control system. Process monitoring with applications for international 
safeguards was discussed. 

As a modem def-ition offered during the dcmonstration, process monitoring for safeguards 
is the use of a broad range of process data and analysis tools to make timely and sensitive 
judgments on the location and movement of nuclear materials throughout the processing plant 
and to make timely and sensitive judgments on the status and performance of equipment and 
instruments used for nuclear material accounting measurements. 

During Ihe discussions, the IET facility operations group initiated several special tests. 
These involved movements of process solutions, or actual removals, according to scenarios 
idenlified as concerns for international safeguards. The participants were able to use the installed 
safeguards system to detect, isolate, and quantify these activities. They were able to achieve this 
ability after only limited instruction on the specifics of the IET design, computer system use, and 
discussions on the analysis routines installed. The safeguards removal scenarios implemented 
during the test provided red events to be detected. The inspectors also needed to recognize actual 
removals among fdke alarm signals that are inherent in the use of process data for safeguards. 

One objective of the demonstration was to call attention to the level of capabilities that the 
inspectors could achieve after only time days of exposure to the plant and the computerized 
safeguards procedures. Many of the more conventional safeguards capabilities are not 
implemented in the IEX facility safeguards system. High accuracy conventional accounting 
measurements are not provided, and there is very limited analytical laboratory capabilities. 
However, by the end of the test, participants were able to recognize alarms and to resolve false 
indications using only the process monitoring system. The inspectors recognized, isolated, and 
quantified several of the removal scenarios implemented. These removals and some not discussed 
during the Demonstration due to time constraints, are discussed in Sect. 7. 

Another objective was to show methods that could allow regular IAEA inspectors to 
effectively use safeguards methods that rely on a broad knowledge of reprocessing. Participants 
in the demonstration had the benefit of considerable knowledge of reprocessing plant activities. 
They also had the advantage of dirccl interaction with the personnel who designed and developed 
the system for the XET facility. The inspector assigned to a reprocessing plant must deal with 
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specific plant information and operating conditions in the field. The IM,A training program 
ensures that the inspectors have a general knowledge but cannot give the details of plant 
operations necessary to make detailed safc a d s  judgments from process monitoring data. This 
situation is further complicated by continual turn r in inspector assignments. 

A small part of the discussion was devo to artificial intelligence (AI) applications in 
safeguards. This is a very im rtant topic in relation to p m s s  monitoring for international 
safeguards. Afiificial inteUig is a science that tries to capmix the  owle edge of experts in 
computer logic. Artificial intelligence, and more s cificauy expert systems, was presented as 
having the potential to bring the h o w l  w experts at the IAEA headquarters to the 
use of inspectors in the field. Applicatio used in helping the inspector make effective 
use of the variety of process monitoring tests tlut are available. This is probably the newest 
aspect of safeguards process monitoring. Further development has only recently becn started. 

This demonstration presented the topic of process monitoring and allowed 
participation in the demonstration run over -day period. The. specifics of the E T  facility 
and computer system were presented during the first day. This prepared the participants for later 
discussions on the specific process monitoring tests and analysis of data recorded during the test 
campaign conducted during the demonstration. Definitions and descriptions of process 
monitoring became the central topics during the second day. Historical data, recorded during 
earlier rest mns in the ET facility, were used as examples and for practice with the analysis 
routines after the facility information was presented. The final day of the d e m Q ~ s ~ ~ t i ~ n  waq 

devoted to analysis of current data from the facility for the participants to actually identify the 
removals or other safeguards related scenarios involving material. 



3. FACILITY DESCRrPYTION/PREPARATIOPJS 

Process monitoring and most safeguards activities require a general knowledge of plant 
processes on the part of the inspector. Since participants would play the role of inspectors in the 
ET facility, the demonstration at BRNL began with a description of the facility. 

3.1 IET FACILITY HISTORY 
The CERP has focused on advancement of the technology of breeder fuel repmcessing. The 

ET was constructed as part of CFRP to provide a test-bed for advanced equipment and flow 
sheet demonstration. The facility was constructed and became available for testing in 1984. After 
a series of cold chemicai checkout activities, the first integrated p m s s  runs involving depleted 
uranium as feed were conducted in December 1985. 

The facility was initially designed for demonstration of prototype equipment for a 
0.5-MTHhWd plant capable of handling fuels ranging from light-water reactor (LWR) to fast 
breeder reactor (FF3R) types. As the mission and goals of changed, the facility has been 
modified to accommodate a wider range of test activities. Many of these changes are discussed 
later in this section. It has been recognized that many future reprocessing facilities are being 
designed for remote maintenance. This makes it possible to change plant configurations after 
initial design verification and checkout. Process monitoring has been shown to be effective for 
verifying changes in the plant design. Pahcipants were shown some of these changes and how 
process monitoring verifies actual plant conditions. 

One significant process change involved the solvent extraction system. As the foeus of 
attention within CFRP changed to smaller plants dedicated to FBR reprocessing, development of 
solvent extraction equipment moved to smaller systems. Centrifugal contactors for solvent 
extraction continue in development. The initial IET design used 12-cm units. With studies on 
smaller throughput facilities, 5.5-cm units were developed. A second solvent extraction line was 
installed in PET to use these smaller units in a O.l-MTHM/d flow sheet. 

Testing under a number of different flow sheet and throughput conditions has continued 
since the initial runs in 1985. Development of advanced safeguards techniques has been an 
integral part of most of these test runs. 

It has bexn recognized that there is little contribution that this test facility can make in the 
area of conveniional accounting. Therefore, the safeguards testing and development in the E T  
facility have concentrated on process monitoring and certain applications Elated to NRTA, 
particularly in-process invcntory measurement development. 

3.2 LET FACILITY SYSTEMS 
-scale integrated test facility. It includes equipment for continuous 

pmessing of depleted uranium feed to simulate actual plant opcrations. Figure 3.1 shows the 
general system layout of the facility. The IET facility is well suited for safeguards development, 
particularly in the areas of process monitoring and NRTA. Even though the E T  facility uses 
prototypical equipment, the process systems interact like those of an actual operating plant. 
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Applications of process monitoring for safeguards require a knowledge of basic plant 
layout. One of the first sessions in the demonstration discussed the specific ET facility design. 

There was a discussion of many of the equipment changes that have been made in the ET 
system since the initial design. Process monitoring, using a minimum set of available process 
data, can be valuablc in a design verification role. The layout shown in Fig. 3.1 is the initial E T  
design. The following discussions point out some of the changes as well as normal operating 
conditions. The discussions on design and changes helped to emphasize the role of process 
monitoring for design verification. 

3.2.1 Dissolver 

Among the prototype advanced equipment installed in the lET facility is a rotary dissolver 
for feed preparation. Dummy assemblies containing depleted uranium can be sheared into feed. 
Alternatively, simulated shear product, consisting of hulls, wires, and uranium oxide powder, can 
be fed to the dissolver. 

Figure 3.2 is a diagram of the dissolver system showing equipment and measurement data 
available to the safeguards system. It shows two digestor tanks (07F03 and 07FO4) that receive 
dissolver product. It also shows transfer from the digestors in the dissolver area to a clarified feed 
solution surge tank (09F21). Figure 3.1 shows this transfer as made through a feed clarification 
centrifuge. Figure3.2 shows the centrifuge in the transfer from the surge tank to the 
accountability tank. The relocation of the centrifuge is one of the modifications to the ET facility 
that has been made since startup. The transfer to the centrifuge is made by a fluidic pump with 
gravity flow to the accountability tank. 

In order to avoid costs of fresh feed and disposal fees, an alternate to preparation of fresh 
feed material in the dissolver is provided. Contents of the product accountability tank can be 
recycled to the dissolver solution surge tank, as shown in Fig. 3.2. 

3.2.2 AccountabilitylFeed Preparation 

The accountability/feed preparation of the E T  facility is similar in design and function to a 
typical reprocessing plant. The ET facility configuration used for the demonstrations is shown in 
Fig. 3.3. The dissolver system dclivers solutions, rather low in acid concentration, for solvent 
extraction. Acid additions are required to bring solutions to flow sheet specifications. 

In the ET facility, the input accountability tank (09F23) is provided as the primary input 
measurement vessel. Solutions are batch type received from tank 09F21. The design of the 
accountability tank includes several important features relative to safeguards. 

The accountability tank has a narrow diameter neck area in the upper region. It was 
designed to permit operation in a batch type, constant volume delivery mode. The neck area has 
two overflow weirs; the lower weir can be closed. Constant volume delivery operations involve 
filling the upper weir, mixing and sampling, and then draining back to the lower constant volume 
delivery weir. 

Operation of the accountability tank in the constant volume delivery mode was discussed 
during the demonstration. A constant volume delivery tank would seem to offer safeguards 
advantages. This mode was tried during some early ET facility tests. There were problems with 
operation in this mode. Mixing had to be carefully controlled to prevent overflow back to the 
surge tank. This mode also required sufficient extra material in the surge tank to keep the 
accountability tank filled. Due to the operational problems with the constant volume delivery 
mode, the tank is now used in a conventional batch delivery mode. It was noted in the discussions 
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Fig. 3.2. Dissolver system. 

that there is an advantage to the design of an accountability Lank wilh a smdl diameter neck area, 
but advantages of a constant delivery system do not justify operational difficulties. 

The transport mechanism between tanks WE21 and 09F23 is a fluidic pump. This is 
believed to be a transport mechanism that may see applications in future facilities. In most other 
applications in this area, steam jets arc used. As ?he process monitoring applications were 
discussed, the safeguards implications of transport mechanisms were explored. 
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As noted in the previous section, product material can be recycaed to tank WM1. In 
addition, product can be recycled directly to the accountability tank, as shown in Fig. 3.3. In this 
case, the recycled materid bypasses the clarification step. 

The accountability tank has typical process control measurement instruments, as well as an 
indicator on the air sparge supply, BS shown in Fig. 3.3. These process control instruments are 
used for accountability measurements. After accountability measurement, solutions are typically 
transferred by steam jet to the feed adjustment tank (11F03). An alternate mute is provided 
directly to the feed tank (I 1FOl). 

The careful reader will notice a difference between the systems shown in Figs. 3.1 and 3.3. 
Another recent system modification was made to switch the functions of tanks 1 lFOl and 14Fo3. 
This was discussed with participants to show a role for process monitoring in verification of 
design information. 

The feed adjustment. tank (llFO3) has typical level density and temperature instruments. 
Additionally, a condu~vity instrument is installed. Conductivity and density information is used 
to calculate acid and heavy metal concentrations. These data are used to calculate acid additions 
needed to adjust solutions to flow sheet conditions. Acid additions are measured by in-line, 
integrating flowmeters. For the demonstration run, target feed conditions were 175 g U/L and 
3.5 M acid. 

Feed requirements for this test run were typically met by product nxyde. Readjustment 
conditions were typically 300 g U/L and about 1 M acid. Acid additions were from the chemical 
recovery system and monitored by in-line, integrating flowmeters. These are typical process 
control instruments. 

Mer adjustment, feed solutions art? transferred by steam jet to the solvent extraction feed 
tank (1 1FOl). n e  
wit& minor piping changes. The feed system to the 0.5-MWd process involves a two-stage airlift 
system that is typical ol' operating plants. The system to feed the O.l-hfTU/d system involves an 
airlift to a waterwheel flow cantroller. 

~ ~ e a s u r e m ~ n ~  available to &e safeguards syslem again include level density aid  
temperamre. Addition y, an in-line ~ e ~ ~ u ~ ~ e n ~  of feed concentration is provided. The device 

t r o ~ h o ~ ~ ~ e t e r ~  The aidif1 flow rate is also measured and provides an indication of 

can feed either the Q.S-M'Wd pmcess system or the O.l-IMTu/d system 

ent extraction system. 

3.2.3 Solvent ~ ~ ~ ~ ~ c t i ~ ~  

been noted that two separate solvent extraction systems exist in the IET facility. Both 
systems are based on centrifugal contactoss lor the solvent extmclion pmcess. Both systems are 
designed to simulate operation of tiit: codecontamination step of a typical operating reprocessing 
plant. 

For the O.S-MTW/d plamt, the extraction and scrub steps are each accomplished with &unit 
banks of 124111 contactors. In this system, strip is accomplished in a pulsed-column contactor. In 
the O.l-h.I?'U/d system, extraction scrub and strip are all accomplished with multi-unit banks of 
5.5-cm centrifugal contactors. 

For safeguards purpses, the systems are essentially Lhg, same. Figure 3.4 shows the solvent 
extraction system and measurements available for safeguards process monitoring tests. 'me figure 
is representative of either solvent extraction system in the EET facility and is typical of any 
reprocessing plant solvent extraction system. 

In the E T  system, feed flow rate is measured. For the system used during the 
demonstration, flow is measured by the rotation speed of a feed delivery wheel system. The 
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aqueous scrub stream, HSS, is measured by a flowmeter. It is important to safeguards process 
monitoring applications to recognize the implications of all measurements. The HAF flow 
measurement can be periodically related (calibrated) to the depletion rate of the feed tank. The 

r extraction of the nuclear material, cumbine in the HAW. The HAW rate can 
be periodically calibrated to incmses in the receiver lanks. This calibration is indirectly a 
calibration on the HSS flow measurement. 

In either system, the solvent extraction product stream is airlifted to a separator pot prior to 
being collected in an intercycle surge tank (19F01). A density measurement in the separator pot 
can be related to concentration of the product. This product i s  typicdiy 4Q-WgU/L in 
concentration The surge tank has a capacity of a b u t  480 L and typically operates about half full. 
The tank continually receives solvent extraction system product and simultaneously feeds the 
product concentrator. Concentrator feed is delivered by a monitored airlift. 

The aqueous waste stream, simulating HAW in the traditional PUREX flow sheet, i s  
received in one of two collection tanks (12FO5 or 12Fo7). Flow of HAW to these tanks is 
controlled to fill one of the tanks while the other is king emptied to the waste concentration 
system. 

Organic for solvent extraction is supplied f m  the organic inventory supply tank. The 
organic waste stream from solvent extraction, simulating HCW, is returned to the organic 
treatment area and passed through a solvent cleanup system. 

3.2.4 Product Concentrator 
The product concentrator and accountability system is shown in Fig. 3.5. The ET facility 

product concentrator is a continuous operating, Lhermosyphon device. Concentrator feed from the 
intercycle surge tank (19F01) is airlifted to a separator pot and flows by gravity to the 
concentrator. Feed enters at the top tray of the evaporator. In normal operation, steam supply to 
the rcboiler leg is controlled to maintain a constant density in the evaporator bottoms. Product 
takeoff is by overflow of the bottoms and gravity transfer to the product collection tank (19F05). 
A water addition capability i s  available to backwash the demister trays as xquired. 

Overheads from the product concentrator are collected in a surge tank (19F12) and recycled 
as strip solution (HCX) to solvent extraction. The acid concentration of the solution is monitored 
in the surge tank. Periodic adjustments are made. Excess condensate is periodically transferred to 
the waste concentration area. 

Concentrator product is continually collected in tank 19FO5. As the collection tank fills, 
uct is batch type transferred by airlift to the product accountability tank (19F07). This 

accountability tank is similar in design to the input accountability tank. It i s  capable of operating 
in a constant volume delivery mode. Like the input accountability tank, the constant volume 
mode presents more operational problems than it offers in improved measurement capabilities. 'It 
is routinely operated in tke more convenliond batch mode. 

can be recycled to the dissolver surge tank (09F21) or 
the input accountability tank (09F23). Since the test material is depleted uranium, the possibility 

Product from the accountability 

Of transfer for disposal also exists. 

32.5 Aqueous Waste Prmessing 
The PET facility includes equipment far aqueous waste processing that simulates high level 

waste processing (HAW) of a typical plant. The waste concentrator feed tank (32F01) receives 
the solvent extraction waste stream from either of the two collection tanks (12FQS or 12F07). 
Additionally, excess condensate from the concentrator overheads may be added. 
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Continuous feed is provided to the comentrator. Overheads from the waste concentrator 
feed the acid fractionator system to provide recycle acid and water to meet process needs. 
Concentrator bomms are continuously collected in the catch tank and periodically transferred 
batch tyjx to the waste accountability measurement tank (32F11). Measured waste is transferred 
for disposal. 

3.2.6 Other Systems 
Figure 3.1 shows additional systems included in the E T  facility. The NO, scrubber system 

is used for development and demonstration of off-gas handing processes. The IODOX system is 
a development system for iodine removal. The acid concentration system shown in Fig. 3.1 is 
support for the 10DOX system. These additional systems do not relate to sdeguards and were not 
discussed in detail. 

33 SPECIAL PREPARA'IIONS 
It has been noted that two separate solvent extraction systems are in place. Either can be 

operated with minor piping changes. 
The 0.5-IW"HMId system using the 12-an centrifugal contactor system was the focus of 

earlier studies in CFRP. More TeCent attention has been focused on the 0.1-MTHWd flow sheet 
using the 5.5-cm units to support current research and design efforts in CFRP. 

For the test conducted in conjunction with the demonstmion run, it was decided to 
continue u.se of the smaller units. However, the rest of the E T  facility is stiLl sized for 
0.5-MTWd processing. This means that the rest of the facility only operates at 20% capacity to 
support the smaller system. The safeguards demonstrations are focused more on activities and 
batch transfers in the feed and product areas than wilhin solvent extraction. The lower flow rate 
means fewer events asassociated with the support equipment. For example, batch transfers for the 
feed and product tanks occur on 24-h cycles at the lower flow sheet. 

The demonstration was planned €or three days. With the smaller capacity flow sheet, there 
would not be enough activities to study safeguards techniques applied to fhe facility. Hn order to 
meet all objectives of the test run (CFRP operational and ISPO Task C.59 objectives), the solvent 
extraction feed system was modified. An additional transfer line was added to bypass solvent 
extraction with feed material directly to the intercycle surge tank that feeds the product 
concentrator. Solvent extraction was operated at the lower flow rate, and additional feed material 
was transferred throu the bypass to bring apparent flows to 0.5 MTHMld and allow the rest of 
the ET facility to o 

3.4 S A F E ~ ~ A ~ ~ S  IMPLICATION OF TET F'LOW SHEET 
The ET facility is a demonstration facility for breeder fuel reprocessing development. The 

system operates on depleted uranium solutions as surrogate for actual feed. Flow sheets are 
specified to meet total heavy medal throughput, substituting depleted uranium for uranium and 
plutonium. 

Safeguanls development considers the sumgate feed to be plant feed as if it actually 
contained glutoni . For solutions in the dissolver system thmugh the accountability and feed 
preparation weas, solutions are considered to contain 20-30% plutonium. Thus, where feed 
eoncenmtions for ET tests are 175 g U/L, safeguards test applications treat these solutions as i l  
they contained 35-50 g Pu/L. Tests consider that a kilogram of plutonium is contained in 20-38 L 
of highly radioaceive process solution. 
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For the E T  facility, the solvent extraction system relates to the ~ e ~ n ~ i n a t i o n  cycle. 
However, for safeguards development, this st is considered to have the throughput 
equivalent of plutonium. Most tests react to heavy content. 

35 GENERAL CONSPDERATlONS 

The E T  facility processes only depleted uranium. ‘There is no plutonium or high level 
activity in process solutions. Measurements md solution handling activities are simpler than in an 
actual operating plant. However, process equipment md measurement instruments, particularly 
process control instruments, are exactly the same as those applied in operating plants. Pneumatic, 
dip-tube measurement systems, using differential pressure measurement devices and remote 
themocouples, are used for volume and solution weight measurements. Steam jets, airlifts, and 
fluidic pumps are used for solution motivation, Mixing md sarnplling syskms are typical. W i l e  
on-line analysis techniques that are installed and tested react to depleted uraniu 
consideration for deployment in an operating plant reacting to plutonium solutions i s  given before 
considering safeguards applicability. 

many cases, safeguards applications 

process streams will be on the o 
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4. INSTRUMENT AND COMPUTER SYSTEM DESCRIPTION 

Safeguards process monitoring is the use of operators' proeess control data to make 
safeguards judgments and decisions. Process monitoring uses large quantities of data and 
necessitates the use of computers to collect and process the data. For p m s s  monitoring to gain 
acceptance as a safeguards tool, plant operators and regulators must understand the capabilities 
that exist with modem p m s s  control computer systems and recognize methods to interface 
those systems to regulatory agencies. 

As the E T  facility was being designed and built, one of the major focuses of attention was 
the demonstration of an advanced instrument and computer control system. The E T  design came 
at a time when commercial, computerized process control systems were first becoming available. 
Such a commercial system was purchased and incorporated in the design. The installc 
system is now central to sdeguards development in the E T  facility. 

The E T  facility system represents computer control system technology of  the late 1970s. 
The installed computerized capabilities are representative of what can be expected in future 
large-scale reprocessing plants. While technology of computers has imprmed considerably, the 
casts of these systems are considerably lower now than when the ET system was purchased. 
However, performance is similar to currently available commercial systems. Participants in the 
demonstration were introduced to the commercial process control system and how it has been 
adapted for the safeguards effort. 

4.1 COMMERCIAL PROCESS CONTROL SYSTEM 
The ET facility control system was procured from and installed by a commercial vendor. It 

was delivezd with the basic software tools to enable E T  staff to customize the control system to 
the needs of the facility. 

Process control instruments were interfaced with control devices. The flexibility of this 
system has allowed E T  personnel. to develop extensive control logic and extend the system from 
basic process control to a system of automates facility operations. 

The system uses a number of process control modules (PCMs) that are dedicated 
microprocessors. The PCMs include mdog and digital inpulloutput capabilities for 
communication with p m s s  instruments and CsntmP equipment. Each PCM sham measurement 
infomation with other PCMs console display devices and a host computer along a data highway. 

The console devices Serve as the interface to the operator. The consoles allow entry of 
control information from the operator and pass the information to the PCMs along the data 
highway. Operator information i s  presented in graphics form. Graphics for the operator displays 
are received from the host. 

The host computes is a DEC PDPllflO. As n ~ k d ,  the host also communicates on the data 
highway to obtain process information. In addition to providing operator display graphics to the 
consoles, the host hnctions include limited data archival and data base management. Program 
development and compilation for the K M s  occur in the host, and PCM software is downloaded 

17 



18 

from the host along the data highway. As mntrsl schemes have evolved toward automation, the 
host Inas played a larger role in higher level mntm1 logic ~ ~ p ~ ~ m ~ ~ ~ a t ~ o ~ "  The host also carries 
the functions of alarm analysis, notification, and event logging. 

'The system archilectm for the operational pmpcess control system is shown in the upper 
portion of Fig. 4.1 

ORNL--  DWG 86-1 1762 
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4.2 SAFEGUARDS COMPUTER SYSTEM 
The safeguards computer system has evolved as a stand-alone computer system that 

communicates with the proeess control system on a dedicated communication link. The system 
architecture in xelalion to the process control system is shown in the lower part of Fig, 4.1. This 
arrangement was selected to represent an appmach that the agency could use to interface to a 
hcility process control system. The safeguards computer system is based on a DEC PDP 11/44 
computer. Xra terms of computer power, the DEC system used is comparable to current personal 
computers on the market in 1988. 

An impoaant part of the safeguards system i s  the data link into the process control system. 
A valid concern in applications of process monitoring is intrusiveness. J.n the XET system, the 
structure of this link only allows passage of an established list of measurement data into the 
safeguards computer. This is a method to limit the agency monitoring activities to only a list of 
previously negotiated data points. In the ET facility, some 600 measurement points are 
transmitted by the communications link, including many that are archived for operational reasons 
only. The actual safeguards related data that are collected amount to about lo0 data points. 

The data link involves a data collection and sending task in the process control computer 
and a receiving task in the safeguards computer. At a specified interval, the receiving task in the 
safeguards computer sends a request message to the sending task in the process control computer. 
The sending task polls the PCMs on the data highway to collect the appropriate set of data. It then 
transfers the set along the data link to the receiving program in the safeguards computes. 

In the E T  system test mns, the interval between data sets requested is typically set at 
4 min. This interval was chosen based on typical process event times. As an example, it is typical 
to size solution transfer equipment to accomplish a batch transfer in 15-30 min. A 4-min data 
cycle provides data points to evaluate transferheceive rates. 

In the ET safeguards system, the receiving task maintains an active file of the data sets for 
the previous eight hours. At intervals of about eight hours, the receiving program makes an 
archival copy of the active file and continues to add information to the active file by overwriting 
the oldest data. 

4.3 INTRODUCTION T MPUTEW USE 

As noted, a major part of the ISPO demonstration was to allow participants access to the 
active data sets and Ole archived data to gain an understanding of the logistics involved in 
collection and analysis of process data for safcguards. 

The demonstration was intended to be a working session for participants. The group was 
split into three terns. Each team had a terminal and was given the log-in procedure, passwords, 
and accounts for access into the safeguards computer system. 

Participants in the demonstration generally had good computer backgrounds. For this 
particular session of the demonstration, hey  only needed general introduction to some of the 
basic system commands to make effective use of the DEC system. These were primarily specifics 
of the keybard and terminal use, such as semen scroll and hold commands. 

The point to be made in this part of the demonstration is that personnel from the agency 
(participants) with a ~ ~ ~ ~ ~ m ~ m  of instruction could make use of the installed system in the ET 
facility . 





5. PROCESS MONITORING ROLE IN SAFEGUARDS METHODOLOGIES 

The specifics of process monitoring applications that have been implemented in the IE=T 
safeguards system wen: discussed next during the demonstration. A contemporary definition of 
process monitoring is the bmad use of process data to make judgments about the location and 
movement of nuclear material in the facility. As such, p m s s  monitoring utilizes a variety of 
analysis tools that can be directed at specific concerns or removal S C ~ M ~ ~ O S ,  or can be directed at 
improving measurements or verification of other safeguards activities such as conventional 
accounting and NRTA. 

This definition was presented as an introduction to the system developed and in place in the 
IET facility. Remember that the demonstration was to allow participants to use the system and 
gain experience with a process monitoring application. Section9 will present some of the 
discussions and ideas on the definitions and role as they evolved during the demonstration. The 
initial discussions focused on the defllnition and roles investigated as the IET facility system was 
developed. 

Safeguards development in the IET facility has concentrated on process monitoring. Some 
elements of conventiond accounting and NRTA have also k e n  implemented. Process monitoring 
is being investigated for its role in conventional accounting and NRTA. The relation of process 
monitoring to these other methodologies was discussed during the demonstration and is 
summarized in this section. 

5.1 CONVENTIONAL ACCOUNTING 

R w s s  monitoring can play a role in the measurement control and quality assurance of 
conventional accounting measurements. As noted in the facility description sections, the E T  
facility has input and output accountability tanks. These tanks are routinely used to make 
accountability measurements, However, conventional accounting is not required nor fully 
implemented for testing in the ET facility. 

Other facilities, including those operating facilities around the wodd, have done an 
exceptional job of development in the conventional accounting area. The procedu~s and 
equipment necessary for accountability meaunments are well understood. However, expensive 
measurement equipment like electromanorneters and a well equipped laboratory are necessary. 
The E T  facility cannot handle actual reprocessing plant solutions. Thus, analytical method 
development for accountabability is not a part of ET activities. although ocher OPWL divisions are 
involved in this area. In the area of solution measurements, the ][ET activities have concentrated 
on process monitoring in mcasumment control and automation of accountability procedures. 

Accountability measurements in the IET facility are made with the routine process control 
differential pressure instruments. The data recording aspects of accountability measuremenls have 
been automated in the IIET facility. Process monitoring has been used to detect measurement 
instrument problems or biases in conventional accounting. 
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5.2 NEAR-REAL-TIME ACCOUNTING 

NRTA is under developmmt and d e ~ ~ ~ § ~ a t i o  at facilities throughout the world, and it 
has one aspect that i s  the same as conventional accou g - to provide accurate determination of 
the input and output quantities. NRTA has the additional requirement over conventional. 
accounting to measure in-process inventory without plant shutdown. To date, most of the NRTA 
devebprnent programs have involved mawal data collection and special samples with material 
balance intervals on the order of a week. 

Future large-scale  processing plants are likely to have substantial ita-process inventory 
quantities. Throughput and nominal inventory, coupled to timeliness and sensitivity requirements, 
will dictate the frquency of NRTA material bsalmce closures. The NRTA €or futurt: facilities 

re frequent closures and considerably more effort for in-process inventory 
addition to the awed for m o ~  data, questions are already k ing  asked a b u t  

merhods for verification of NIKTA rncasurc%raent.s. 
NRTA has been implemented in the E T  facility to investigate the roles of promss 

monitoring in collec~isn~~iialification of NRTA in-process inventory data and verification. The 
in-process inventory data collection activity has k n  automated. The efforts ;are primarily 
directed at the volume measimment activities, but there is an effort to use on-line nondestructive 
analysis ('m\lDA> techniques r concentration determinations. Process rnonitodng plays a 
significanL mle in qualificatio 

53 PROCESS MOMTOMPIG APPLICATIONS 

Pification of on-line measurements in support of NRTA. 

For purposes of safeguards process monitoring applications, the XI facility can be 
considered as three separate areas: (1) feed preparation, (2) solvent extraction, and (3) product 
concentration. Process mo~i t~r ing  has been considered by CFRP as a safeguards tool for the 
facility operator as well as a tool for use in the regulatory stmctum. Wile the focus of attention 
for the ISBO task has k e n  process monitoring for intemational safeguards applications, the 
demonstration was an oppauniiiy for participants to experience the broad range of applications 
and powers of process monitoring. 

In terns of international safeguards, the document prepared as the second part of Task C.59 
(ISPO-275, ORNL/TM- 10458, Process Monitoring in Support of bntermtional Ato 
Safcgmrd~), presented two specific applications. The first was an event-logging role, and the 
second involved solvent extraction mass flow measurements and alances. These applications, 
demonstrated during the demonstratisn, were selected based upm concerns and material removal 
scenarios developed as discussed in 140, "An Advanced Approach for a Model 200 TIA 
Reprocessing Plant." Eight criteria established as necessary to complete a process 
moilitooring application. a"hesc: criteria, in relation to the ET facility and the selected applications, 
were discussed in the reprt  issued as the second phase of l'askC.59 (ISPO-275). These two 
applications of pmcess monitoring were demonstrated during the d ~ ~ ~ n s ~ a t ~ o n .  

In addition to the two specific applications, the d ~ ~ o ~ s ~ ~ ~ t i ~ n  included other aspects of 
process monitoring, which are not as fully developed. Process monitoring includes a broad range 
of analysis tools that can respond to a wide range of concenms. 

5 4  PROCESS MONITORING FOR THE EMONSTRATION 
puter system available in the ET facility was described in Sect. 4. A data link 

between the process control computer and the safeguards computer passes a structured set of data 
that is a snapshot of plant conditions at the time of the request. 'fiese data sets are time stamped 
and stored. During test runs, the data sets are recorded at 4-min intervals. 
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The recorded data sets are the p m s s  monitoring data base. The large volume of 
information available to the safeguards analyst over a period of time can well be imagined. If the 
analyst is to make use of the data, summaries and indicators must be available to help locate 
problems and resolve alarms. 

Process monitoring, as developed for the E" facility, is closely tied to the NRTA 
applications. For test purposes in ?he ET,  NRTA material balances are dosed hourly. Process 
monitoring is used in this procedure, and the NRTA balances serve as references into the data 
base. To make this a little clearer, mmgnize that the computer is doing the job of the on-site 
safeguards representative. The 4-min data sets represent a library of volumes of process 
monitoring data. Each page of the volume holds a l l  data for each time period. Each volume holds 
120 pages, or about 8 h of information. 

One aspect of the process monitoring routine simulates the on-site representative as he 
pages through the library volumes. This particular routine establishes the NRTA in-process 
inventory measurements. With the 4-min data sets in the library volume, he stops at every 15th 
page to record the in -pmss  inventory data. These in-process inventory data are transferred to a 
volume of NRTA data. Each NRTA data set includes a reference pointer to the original data base. 
It should be recognized that the computerized system maintains the original process information 
data base along with NRTA in-process inventory data. These data have been recorded 
automatically by update routines within the computerized safeguards system. 

The next aspect of the process monitoring routine available within the E T  facility 
safeguards system is one that scans the data base to accomplish several important functions: 
(1) qualify all data for errors, (2) recalculate inventory quantities based on qualified data, (3) scan 
the data base to log any transfer and processing activities, (4) generate alarm messages about 
abnormal conditions that can signal safeguards problems, and (5) calculate cumulative flow 
quantities associated with key measurement points. The process monitoring routine successively 
accesses each data set, performing these functions on the interval between data sets. 

As the process monitoring routine reaches a data set comsponding to an NRTA data set, 
recalculated and updated in-process inventory data and cumulative flow measutements for key 
measurement points are written to the, NRTA data base. This is the ET facility implementation 
for investigation of the role of p m s s  monitoring in NRTA. Process monitoring automates the 
NRTA activity. 

The E T  facility is opemted using on-line methods of determining concentration data to 
minimize sampling and analytical laboratory requirements. These pmcess control methods are 
used for NRTA in the IET facility and qualified by process monitoring tests. 

The basic process monitoring routine generates alarm and information messages for the 
safeguards analyst or in.spector. As the monitoring routines are implemented in the ET facility 
for use during the demonstration, these are general information messages and often suggest 
further investigation or evaluation. The process monitoring system offers the inspector a series of 
tools for additional analysis. 





6. PROCESS MOMTORING TOOL BAG 

Process monitoring for safeguards employs a collection of software programs that allow the 
analyst or inspector to detect anomalies that are indicative of safeguards problems. Process data is 
the s o m  of information for process monitoring. 

Unlike other safeguards techniques, there is no single statistic like Inventory Difference 
(ID) for analysis. Process data are characterized by anomalies and spurious signals. Rocess 
monitoring involves a number of tests and analyses. A process monitoring application must 
include a series of mutines that allow for data analysis and investigation of anomalies for 
re,wlution of false alarms or confirmation of indicated problems. 

For the ISPQ demonstration of pmxss monitoring, these tests were collected as a menu 
driven set of programs for easy use by participants. This collection of test and analysis procedures 
can be considered as the safeguards analyst’s tool bag. 

As noted in Sect. 4.3, the participant,, in the demonstration were divided into three teams, 
and each team was given an account and password for access into the safeguards computer. After 
gaining access to the mmpukr, a simple command file (in the DEC operating system context) 
was used to set up the menu. Figure 6.1 shows the menu of available mutines. 

The programs available can be divided in two broad categories. The first group of four, 
shown in Fig. 6.1, are tlhe basic routines associated with pmcess monitoring analysis. These 
software routines set up the data bases and are discussed in Sect. 6.1. The second group, which is 
discussed in Sect. 6.2, is directed more at alarm resolution or confirmation. 

As an introduction to this section, it should be noted that the second phase of Task C.59 
proposed two specific pm,cess monitoring applications for international safeguards: event logging 
and mass flow while monitoring. These specific pfocess monitoring applications are described in 
this section, along with sever&  other^. The TRSUM program described in Sect. 6.2.11 contains 
the basics of the event logging application. The mass flow monitoring application is described in 
Sect, 6.2.4 as the MINFLW program. The application for the event-logging routine are apparent. 
The mass flow monitoring application has a number of uses. It plays a role in some of the 
removal detections described in Sect. 7. 

6.1 PROCESS MOMTORING ANALYSIS ROUTINES 
Process monitoring safeguards routines have been used for a number of test runs in the ET 

facility. They have proven most effective when the basic process monitonng program is used to 
indicate that problems and alarms are resolved with the series of analysis routines. The programs 
discussed in this section pmvide &at basic analysis and establish the data base for additional 
analyses. 
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> i  blhat program do YOU want t o  run? 

Updates material  balance (MRTA) index f i l e  
Proc Honitorins reviets (also interlrates WRTA data) 
Allows entry o f  acid concentration data f o r  tanks 
Calculates concentration data 

NRTA vols 3rd t r ans fe r s  f o r  a l l  tank.5 
NRTA balance on head end (vol  and s o h  weiziht) 
NRTA halarice on product area (vol and m l n  weidht) 
Solvent. ex t rac t ion  balance ~ro%raw 
De1,aiird imlrsis !)f individual vol t r ans fe r s  
ShowE. i rd iv idua l  NATA balance closures (uranium) 
Sl~ows ~x.tem-w ide CI raniua balance sulhmar ies 
Lists veriodic NPTA data f o r  individual tanks 
E!;mir;es ir idividual eauiPnlerrt d a t a  
S ~ I M  poin?.ers. Prow I48 f i l e  ?.o ARCHIVAL f i l e  
S h v j  i ~wxiinary CJ? tanf ti .ansfers 
Frovidcs nlii.ro-wdrsis o f  Proce5s t r ans fe r s  

Fig. 6.1. Menu .screen - svrafialblc: software routines. 

X ~ I  1 --- UPDATE 

Development of  the safeguards system for the E T  facility has involved a discussion 
concerning the appropriate way to irnpkment process monitoring for safeguards. Timeliness of 
analysis is one part of this discussion. Am er involves the way alarms are generated. Does the 
safeguards analysis proceed automaticall generating immediate messages whether or not 
someone i s  in attendance, or should the inspector initiate the analysis when he arrives on site and 
scan a block of information covering the period since his last visit? The system has been 
implemented in both ways in the E T  facility. In one application, only the messages are written to 
a chronological file and only the messages are reviewed. In the other application, the inspector, or 
pat.icipants in the case of the demonstration, sit down to a terminal and replay plant activities 
watching the process monitoring mutitie being applied and generating information messages. 

The merits of one approach over the other were not discussed at length, but the latter 
approach was selected for the d e ~ Q ~ $ ~ ~ t ~ ~ n .  Since there was limited time for participants to gain 
experience, they were given the oppmnity to review data the ongoing test as well as 
previous E T  facility w s .  The approach that involves revie elccted blocks of data better 
served the purpose of the d e m o n s ~ ~ ~ t ~ ~ ~ ~ ,  

Section 5.4 noted that NRTA data files provide the reference pines for analysis of data. 
The first program available the menu shown in Fig. 6.1 is UPDATE. The purpose of this 
progrim is to establish md u 
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For the demonstration and other E T  tests, hourly NRTA material balances are closed. With 
data sets collected md stored at 4-min intervals from the process control computer, every 15th 
data set is the basis for an NRTA closure. When run, the UPDATE program opens the NRTA 
data file and reads the last data set. This data set contains a reference to the original data on the 
process monitoring data base. Update opens the original data set as a s w i n g  pint .  The program 
allows the inspector (participant) to select the MRTA balance interval by selecting the number of 
process monitoring data sets between balances. 

Figure 6.2 shows an example run of the UPDATE program. After initiation, the program 
presents the inspector with a list of refenme numbers. In the ET system, the process monitoring 
data set contains about pieces of information in an ordered list (including those related to 
safeguards). These reference numbers indicate which pieces of information will be vansferred to 
the NRTA data base for the in-process inventory determination. 

The example in Fig. 6.2 shows that the inspector has selected an interval of 15. The mutine 
then pages through the pnaeess monitoring data sets and stops at every 15th page, which 
corresponds to hourly. Tike routine pulls the appropriate data according to the list and records the 
in -pmss  inventory information in the NRTA data file. 

The routine also writes a reference to the process monitoring data base in the NRTA data 
record to allow cross reference back to the original data. 

6.1.2 Program 2 - MONITR 
MQNITR is the basic process monitoring software program. It contains all of the logic to 

sort through the process monitoring data base, evaluate data, make judgments about location and 
movement of process solutions, and integrate flow measurements for NRTA and process 
monitoring analysis. In addition to the process monitoring functions, it is also important to NRTA 
and data base update routines. 

The MQNlTR program operates based on tihe NRTA reference nmbers. The user selects 
the interval to be analyzed. In the update procedure, the inspector (participant) selects an interval 
that stam with the last updated NRTA data set and ends with the last recorded data set. As an 
example, the update session as shown in Fig. 6.2 records material balance data sets 61-87. 
Figure 6.3 shows the inspector selecting the MONmZ routine from the menu and selecting that 
same interval for analysis. 

Figure 6.4 is the output from a short segment of this analysis. The first line of infcirmation 
below the heading shows the particular process monitoring data file open and being uscd as the 
source of information for the analysis. The data in Fig. 6.4 are grouped by time segment. The 
arrangement of the data in each time segment follows the pattern of the heading. Level, density, 
and volume are presented for each of the major uranium-bearing tanks in the facility. On the first 
row, data are shown for the dissolver suqg tank (09F21), accountability tank (09F23), feed 
adjustment tank (1 lFO3>, and feed tank (1 IFOl). At the end of the first line is the feed rate (in 
liters per minute) over the time interval since the last data set. Qn the second mw are data for the 
NCU (intercycle) surge tank (19FO1), the product collection tank (19FO5), and the product 
accountability tank (P9EQ7). The product collection rate over the interval since the previous data 
set is given at the end of the second line. 

As each data set is read by the MONlTR program, the first step is to qualify the data. This 
program deals primarily with measurements and calculations of volumes and solution weights. 
Differential pressms in pneumatic, dip-tube measurcmenl systems are used. Measurement emrs 
are common due to restricted or plugged probes, or when solution levels are below density 



reference nurbers i n t o  archival f i l e s :  
tank. level 

09F21 122 
O9F23 118 
llFOl 131 
llF03 135 
19F01 253 
19C54 258 
19F05 265 

spare 128 
32Fll 415 
UFO5 152 
12F07 155 
19F12 279 
32F01 307 
extra 50 
extra 137 
extra 51 

----- -_-_- 

19F07 268 

dens 

120 
115 
129 
133 
251 
255 
263 
266 
126 
413 
150 
153 
0 

384 
48 

202 
49 

---_I 

t e w  

123 
124 
139 
136 
271 
272 
274 
276 
125 
416 
148 
149 
282 
388 
0 

167 
0 

-_--- 
extra 

0 
0 
0 
0 
0 
0 
0 
0 
G 
0 
0 
0 
0 
0 
0 

235, 
i\ 

----_ 
vo 1 UPE 

156 
151 
158 
159 
254 

0 
284 
185 
160 
419 
16? 
162 
280 
389 

c 
0 
0 

----- 

The l a s t  material balance recori  uas: 60 
Fiecorded a t  06:55:53 on 12-lb-87 
I t  c a e  f roa DU: C40,1001ISF‘O, CPY i Q5r record t 61 
How mans records between balances? 15 

Set t o  read from f i l e  ~ U ~ ~ 4 0 ~ ! 0 0 1 I ” J O ~ C F Y  i137 s ta r ted  a t  11:36;27 on 12-16-87 
enter a .’cr’, t o  continue, anrthind e l se  ui11 abort: 
Yrite NB rec 61 from archival rec 76 at, 
Write NE rec 62 fro@ archival rec 91 a t  
b i t e  NB rec 63 f ror  archival rec 106 a t  
Write NB rec 64 from archival rec 121 a t  
Set to  read from f i l e  DU:C4@~1001ISPO+CPY 
Write Nb rec 65 fro8 archival rec 16 a t  
Write NH rec 66 froR arChiv31 rec 31 a t  
Yrite MP rec 67 from archival rec 46 a t  
Write Ne rec 68 from archival rec 61 a t  
Write N6 rec 69 froa archival :ec 76 a t  
Urite NR rec 70 from archival rec 91 a t  
Write N6 rec 71 from arch:-al rcc ill5 a t  
Urite nB re t  72 f ros archival -ec 121 a t  
Set t o  read frob f i l e  DU:C4@~10011SPO.CPY 
Write NB rec 73 from archival *ec 16 3t 
Write Nb rec 74 from archival rcc 31 a t  
Write M% rec 75 fram archival -ec 4 t  a t  
Write Ma rec 76 from archival rec 61 a t  
Write NR rec 77 frgm archi.ia1 r w  7C 3t  

b i t e  NB rec 76 from archival rec Q1 a t  
Write MB r w  79 f r m  archival rec 10t a t  
Write W rec 80 from archival rcc l?! :t 
Set to  read f ror  f i l e  DU:C40rlO@!ISPO+CPY 
Write Ne rec 81 from archival rec 16 a t  
Write NB rec 82 from archival rec 3! a t  
Write NR rpc 83 froa archiv3l -ec 46 z t  
tlrite NB rec 84 from arch:val rec 51 z? 
Write MB rec 85 f roa  archival rec 76 a t  
Write Nb rec 86 Prow archiial  wc 91 a t  
Write Ne rec 87 jrchival rec 106 a t  

07:55:4? on 12-16-67 
08:56:00 on 12-16-97 
09:57:26 on 12-16-8’ 
ll:@0:47 on 12-16-E7 

12:00:27 or: 12-:s-8? 
13:00:?4 on 12-16-81 
14:00:12 or1 12-1J-87 
!5:0@:16 on 12-16-87 
15:59:54 xi 12-16-87 

29:4?:32 on i2-lt-07 
?3:17::3 01: 12-16-8- 

@l:47:?9 on 12-17-87 
04:17:06 or, 12-1?-87 
06!47:00 ori 12-17-3’ 
07:16:55 or1 12-17-?? 
11:46:40 o n  12-!7-8? 
!4:!6:4! ~ ~ f i  12-1’-97 
16:46:30 on 1?-17-3! 
!?:1:2! or1 !7-1:-9? 

;140 s ta r ted  at. 05:47:2? ;Jn 12-17-9? 

18:17:44 12-lt-8: 

;141 started E.? 2G:46:li: cn 12-17-87 

i14? ;tarted a t  :5::6:15 !2-!3-87 
21:41:1a 0‘: i2-r-v 
30:16:i2 on 12-18-@7 
0?:16:08 on 12-18-97 
?5:!6:@0 on 12-18-67 
07:45:42 ,In 12-18-37 
!0:15:35 on 12-18-87 
1?:45:?8 on 1?--!8-”: 
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Fig. 63.  Selection ~~~~~~T~ from menu (for periods 1961-87). 

measurement probes. These errors are often apparent to an experienced operator, but a less 
experienced person may often record bad data. h g i c  in the MONITR mutine recognizes these 
problems and makes comtions. The comction part of this effort involves a logic structure to 
find the estimate or alternative measurement. 

The program analyzes for inventory changes lsiroughout the system. Logic is included to 
recognize ~QITIIJ batch transfers or inventory changes associated with routine operations. These 
routine operations include solvent extraction feed, concentrator feed, and product collection. 

The logic associated with recognition of routine activities can be involved. Using the case 
of solvent extraction deed calculation as an example, the program makes a number of checks. As 
noted in Sect. 3.2.3. IET facility operdtions can use the 12-cm contactor system or the smaller 
5.5-em system. The monitor checks on both systems. It first looks for measured HAX flow, the 
organic extractant. If this is on, it looks for aqueous scrub and strip streams. With positive 
indications, the routine concludes that solvent extraction "MAY" be operating. 



Suraarr o f  IET Process tan4 a c t i v i t i e s  

on f i r s t  l i n e  For 09121 for 09F23 f a r  llF03 
on second l ine  f o r  19F01 f o r  1PF05 

idx tire t-level dens vol t-level dens vol  t-level dens v o l  
--- ---_-_ -----_ __---- ___--- -__--_ _---I_ _.-___ _ _ _ _ _ _  __^^__ 

Readin3 fror f i l e  DU;C45~100lISPO.CfY i137 star ted a t  11:36:27 or; 12-16-87 
64 12-16-07 07:07:47 

64 07:07:47 2a1678 1,3674 1383.6 0,0095 1,3975 0,l 1,5909 1,2528 1451,5 
on 12-16-87 0.7281 1,1982 206,O 1.1041 1,4067 351.1 

o Possible loss  or unaulhorized removal flf 9,3 l i t e r s  fros 1lFOl . I .  we awmed  f low o f f  but dropout = 0,Oi a i r l i f t  se t t ing ?,ai and Bag flou =St8t$ 

65 12-16-87 07:11:48 
65 07:11:40 2.1670 1,3704 137989 080079 1,3975 Oa0 1.5904 1.2517 1452,3 

oil 12-16-87 0,7295 1.1999 208.1 1.1261 1.4103 357.2 

+., YF assurird flow o f f  hut dropout = 1.9; a i r l i f t  se t t ina = ?,E; and mag flow =If*$* 
o Possible 105,s o r  unauthorized reaoval of 7,7 l i t e r s  f r i a  llFO1 

66 12-16-07 07:15:47 
66 07:15:47 281678 1.3682 1382.7 OsG087 1,3975 091 1,5918 1.2528 1452.; 
an 12-16-07 0.7293 1,2010 205,9 1,1581 1,4091 357#3 

rce assuaed Plolr off hut d r o m j t  1,8i a i r l i f t  settind = ? , 8 i  arid nag flow =IOltX 
o Possihle loss or !unauthorized remnval o f  7,l l i t e r s  f roa llF0l 

67 12-16-87 07:19:46 
67 07:19:46 2,1673 1+3d96 1381.0 0,0087 1,3975 O+l 1+5902 1.3’24 1451,5 
on 12-16-87 0.7271 1.2010 205,3 1.1713 la4O76 77? ,4  

we assuaed flow o f f  but droPout = 1.9; a i r l i f t  se t t ing = ’2.8, and mas flow =tttSt 
o fossihle  loss or unauthorized resoval o f  7.7 l i t e r s  froa 1lFOl 

68 12-16-87 07:23:44 
68 07:23:44 2.1669 1,3716 1378.6 0.0087 1.3975 0,1  1.5910 ! . ? 5 3 @  1451,; 

on 12-16-87 0,7278 1,2040 ?@5,0 1,1926 1.413! 377.‘ 

+., we assured flow o f f  but drcpout = ?,4i a i r l i f t  settin$ = ? , 8 i  3flO &!a$ flou -9a%#l 
o Possible loss  or unauthorized reaeval of 9,4 l i t e r s  f ros  llFO1 

69 12-16-87 07:?7:44 
69 07;27:44 241674 1.3700 1380,b 0,0007 1.3975 “1 1.2903 1,334 1450.2 

o n  12-16-87 0~7293 1,2010 2 0 5 , o  1,1904 1.4061 27P.7 

+ * ,  we assured flow o f f  but drOPOlJt = ? + O i  airlift sett.ins : ?,E; anr! ma2 f loc Htll  
o Possible loss or unauthorized reaoval o f  7+8 l i t e r s  from llFOl 

70 12-16-87 07:31:51 
70 07:31:51 2.1670 1,3704 1379,9 0.0095 1.3975 0 , l  1,5893 1.2538 144E.Q 

on 12-16-87 0,7292 !,?019 ?05,7 1,1897 1.4@5@ 319.0 

,,. we as,sttrerl f l o w  o f f  but drorout 2 , O ;  a i r l i f t  settinic = 2.8; an! sa3 f lnu  -8St.U 
o Possihle 10s; 07 iunautharizcd resoval o f  8,l l i t e r s  f ros  lIF01 

for  llFOl 
for 1W07 

t-level dens val _____-  --__-- -”---_ 

1,3618 1,2438 119389 
0.0192 1,4035 ? ,5  

1.35?2 1,2428 1186.2 
0.0187 1.4035 2 , 4  

!+3466 1.2449 1179,l 
0.9187 1,4035 “4 

1.3365 1.2437 1171.4 
0,019P 1,4035 2.6 

!.3246 1,2428 llb2.O 
0,0198 1,403: :,i 

1,3126 1.2498 1154.2 
0,0198 1,403: ?,d 

1.J074 1.2440 !146,i 
0.0192 1.4035 ’2.7 

0.0 
0.0 

080 
1+5 

O,o 
2.6 

0,O 
1.2 

0.0 
1,3 

9.0 
0,3 

Figrn 6.4. Example oBMQMTR routine output. 
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Both solvent extraction systems involve a common airlift to deliver solution from the feed 
tank. If the routine in the MONITR program finds that solvent extraction i s  operating, it looks to 
the airlift indicator. If this shows a positive indication, the routine looks to other indicators to 
determine which system is operating. For the 12-cm system, this involves a level in the second 
stage airlift feed pot For the smaller system using the waterwheel feed device, this is an rpm 
meter. Without final indicators, the routine concludes that solvent extraction i s  operating on cold 
streams only and prints a message. Othenvise, it concludes that solvent extraction is operating 
and goes on to compute flow rates and cumulative flow quantities. 

The analysis on solvent extraction feed recognizes that the feed rate computed based on 
tank depletion rates is the most accurate. However, periodically, the tank is refilled and the 
depletion rate is an invalid measure. During the tank fill periods, the logic defaults to a backup 
calculation before doing pate checks and material flow calculations. 

The analyses in Fig. 6.4 show continuous alarm on the feed tank (possible loss or 
unaulhorized removal from llFol). Each step described in the previous paragraph is 
implemented, and the logic condudes that solvent extraction is not running. The logic still finds 
depletion in the feed tank and presents the alarm. TItlis particular segment was chosen as an 
example. As noted in Sect. 3.3, a solvent extraction bypass line was installed. This segment 
represents a period when ?.he solvent extraction line was shut down but the bypass route was still 
in use. More will be presented on solvent extraction monitoring in later sections. 

Solvent extraction feed and the feed tank monitoring of the MQNITR routine is a complex 
logic stmcture implemented to compute and check solvent extraction feed calculations. It is 
presented in detail here to show the extent to which the knowledge and logic of an experienced 
operator has k e n  included in the routine to knefit the inspector in application of the safeguards 
process monitoring routine. A similar logic structure is in place to calculate the rate of product 
delivery from the product concentrator. This logic involves concentrator feed rate indicators, 
temperatures, and measurements in the collection tank. Logic is also in place to recognize and 
interpret all other significant batch transfers throughout the system. 

The MOMTR routine maintains cumulative quantities for transfers in progress. It prints 
information messages a b u t  cumulative quanti ties and transferred-received comparisons. At the 
completion of a transfer, the MONITR program calculates the cumulative transferred and 
received quantities and informs the inspector if differences are excessive. These comparisons are 
made for any internal process transfer. Examples of these analyses will also be used in later 
sections. 

After analyzing and processing information on routine plant acfivities, the MQNlTR 
program analyzes any remaining, unexplained inventory changes. Some additional logic i s  
applied. As an example of the adaptability of the routhe, there have been periods of unresolved 
a l m s  in the solvent extraction feed tank (1 1FO1). Closer examination found that these alarms 
occumd during periods when the tank was used to concentrate feed by heating. The alarms were 
attributable to volume changes during heating and boil-off of water. Logic was added to resolve 
alarms when volume increases or decreases were consistent with temperature change or when 
solution weight and volume loss were consistent with water loss in boil-off. 

As noted in ?.he previous section, the MOMTR routine updates the NRTA balance files. 
Information on cumulative transfer quantities is maintained by the MONXTR program for all 
internal transfers and accountability tank transfers. As t f ie  MONITR routine reaches a data set 
associated with one of the NRTA in-process inventory determinations, the routine writes the 
corrected inventory measurements quantities to the file md enters the cumulative transfer 
data. 
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Brscess ~ O ~ t O ~ t ~ ~  ations that have k n  developed and implemented in the E T  
facility do not general1 wcentration information The ations do make use 
of some corncentratio ved from on-line m e ~ ~ r e ~  this has not been a 
major part of the safeguards d ~ ~ ~ l o ~ m e n ~  program. The W D E U  program contains rhe routines 
that are used to provide the co ~ e n t ~ ~ ~ ~ 0 ~  data used by various routines. A specific example of the 
use of this mutine is PI included. ' f i e  in 
select the range of data files in wl i  

laboratmy capabilities. Instead, the facility control system i s  k ing  d 
use of on-line measusemen&. There are only a few process cont 
Meaanmments f~t~r mntml of solvent extraction are made using an e 
is undci development. Most other process control measurements use relationships between acid 
concentration, u ccntration, md density. These relationships have k e n  tested and 

on uranium soktions. They show some promise for plutonium 
demonsirrated. Safe ards process monitoring program development 
use of these on-li ~ ~ ~ ~ t ~ ~ ~ ~ o ~  estimation techniques. There has 

pks and results to verify the performance of 
between pmcess rnea~m~ments,  on-line 

analyzers, and process control samples (or specially requested agency samples that can be used to 
verify data for pro 5s monitoring and NRT'A). These relationships and methods of application 
arc being explored t need additional development. 

simply select the ro 
ires the calculation to 

As noted in Sect. 3, the E T  facility i s  an e ~ ~ ~ ~ e ~ ~ t ~  facility th 

rogram 4 - SETMOL 

The concentrator predictor methods used in the E T  facility safeguards programs can iisc 
acid conccntration inhmation from laboratmy analysis or tho% derived from on-line 
conductivity inslrurnerxs. Acid concentration becomes lcss important in the quation as the 
uranium wncentrarion increases. Density is the most important measurement in the relations used 
to predict concentration. 

The estimators for the major uranium-bearing W s  generally use a laboratory result or 
process estimate for acid concentration. The UPDATE routine enters acid concentration values as 
the NRTA data files we being written. "he SETMBE iosutine allows the inspctor (participants) 
to update the NXTA files based on laboratory sample results and to change the values cntcred by 
the IPPDAE routire 

A specific example of this moutinc i s  not included in this report. The routine prompts the 
user for which tank hc will update and where to start. It then progresses through the NRTA data 
file s h ~ ~ i n g  the tank v~l~llnme and prompting tlae user to indicate acid concentrations based on 
proccss control data. 

6.2 ALARM RES~LU'PION HgotrrmEs 
The second group of pmgiams available from the menu shown ixn Fig. 6.1 focus on the 

detailed analysis of problems indicated hy the initial analysis of the MONKR routine. During the 
demonswation, participants were enco to use the MQNITR routine and note the specific 
alarm messages. Depending on the a1 ssages, there are specific mutines from the second 
part of the menu that are used to resolvc a l m s  as false or comfirm the indication. 
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6.2.1 Program 5 - VQLS 
The VOks program is a simple listing of the volumes and integrated flows associated with 

each of the major udum-bearing tanks. The program is keyed to the NlRTA balance numbers. 
The inspector selects the range of balance numbers to review. The program return the data as 
shown in the example in Fig. 6.5. 

This program is useful as a first step after the MONI'IR program is used. It quickly focuses 
attention on the major process events, such as batch transfers. It is a quick summary of the 
process events with references to the NRTA balance numbers. The integrated flow quantities 
offer a quick check on batch transfer comparisons. 

6.2.2 Program 6 - REBAL 

Process monitoring routines can be effective without the benefit of analytical information. 
The combined analysis of volume and solution weight balance data can be sensitive to material 
loss scenarios that involve removal or removal with substitution. The HEBAL routine examines 
the volume and solution weight balance on the process control unit from the accountability tank 
to the solvent extraction feed tank. 

Figure 6.4 is an example of output from the HEBAL routine. This program also uses the 
NRTA balance number references to start and end. It uses cumulative flow quantities generated 
by the process monitoring routines. The balance equation considers input as transfers from the 
input accountability tank. Since the routine looks at a solution balance, input quantities also come 
from acid and water additions for feed adjustment and volume increases due to steam jet 
transfers. The output quantity is an integration of solvent extraction feed measurements. 
Inventory measurements are made in the feed adjustment tank (llFO3) and the feed tank (1 1F01). 

The HEBAI, routine calculates an inventory difference statistic for both the volume and 
solution weight. The routine alarms if there is an apparent loss or gain of 25 L or 25 kg of 
solution. For feed solutions in an FBR reprocessing plant, this quantity corresponds to about a 
kilogram of plutonium. For an LWR facility, the quantity corresponds to about 50 g. When the 
routine is run on a video terminal, each balance period that is in alarm blinks on the display to 
draw attention. The printed output includes an d a m  summary. 

s for each period shown in Fig. 6.6 exceed the alarm limit set within the analysis 
routine. Each period generates an alarm. The causes of these alarms will be discussed in Sect. 7. 

62.3 Program 7 - PROBAL 

The PROBAL program is very similar to the HEBAL program. It provides a volume and 
solution weight balance for a control unit around product tanks. An example is shown in Fig. 6.7. 

The PRORAL program uses an integration of the measurement of product solution 
delivered to the collection tank (19FO5) from thc concentrator as the input to the control unit. 
Calculation of the input quantity is provided by the process monitoring mutine and included in 
the NRTA balance file. Product from the control unit is calculated as the batch transfers. 

Like the HEBAL program, the calculated IDS are evaluated. In the case of the product 
control unit, the alarm threshold is set at 8 L or 8 kg of solution. Individual IDS that exceed the 
limits are alarmed. In the data shown in Fig. 6.7, there are three alanm periods. The alarm 
summary for this set of data is also shown in Fig. 6.7. Causes of the alarms and resolution 
techniques will be discussed later. 



UOLUEE SUMART 
Ualuscs and rnterrrated florts 

Volumes in L i t e r s  

t ine 09F21 09F23 llFOl llF03 19F01 19f05 19F07 32F I1 
INT FLU UOL IN1  FLU VOb Ih l  FLU V M  INT FLY VOL INT FLU UOL INT FLU VOL INS FLU VDL I N 1  FLU UOL 
------------ - _ _  -I----s .__I__-----_ ________-___ - I - __.--_ _-_-______-- --__________ ----___-____ 

12-16-87 
61 07:53:47 0.0 1378.0 O + O  O B 1  0.0 1099+4 0.0 144948 O b 0  206a6 0.0 386.5 0.0 2,4 0.9 153,Z 
62 OB:%:OO 0.0 1377.6 0,O O b 1  0,O 98160 0.0 1451.5 0.0 204.4 420.4 56+7 0.9 464.0 149.4 4.3 
03 09:57:26 0,O 1378.4 0.0 449,2 0.0 860,) 0,O 1451.9 0,O 205.7 0.0 116.0 464.0 0.0 0.0 444 
64 ll:M):47 O+O 1376*5 0.0 447+8 0.0 73643 0.0 1451.5 0.0 204+4 OtO 168,O O b @  0.0 0.0 4,; 
65 12:00:27 0.0 1378.6 0.0 448+3 0,O 618.6 O B 0  1451.0 0,O 206.0 0.0 209e5 0.0 O + O  Os9 4.4 
6h 13:00:24 0.0 1374.6 0.0 449,l 0.0 498,9 0.0 1450.2 0.0 204.2 O s 0  282.8 0.0 0.0 0.0 4 . 4  
67 14:00:12 0.0 1373.0 0.0 448.2 O B 0  381.0 0,O 1449+8 0,O 2 0 4 ~ 9  0.0 35289 0*0  O + O  O+O 4.3 
68 15:00:16 0.0 1373.5 0.0 404.9 0.0 1741.2 1183,9 ll?,! 0.0 205.9 0,O 368.4 0.0 0.0 0.0 4.3 
69 15:59:54 O e O  1372a2 O B 0  404.4 080 1740.4 0,O 119n8 080 20783 0.0 3674' 090 0.0 0.0 485 
70 18:17:44 0,O 1372.0 0.0 404.7 080 1737.1 0.0 120a4 0,O 207.4 '390 366~7 0.0 040 0,O 4+4 
71 20:47:32 0.0 1367t4 0,O 403.3 0,O 1735.7 0.0 119,l 0,O 2 0 6 ~ 6  0.0 365,7 080 050 0.0 4 , 4  
72 23:17:23 080 1365*9 0.0 10?,4 0.0 1734+8 0.0 119.1 980 206b6 C.0 36601 n.0 0.0 0.0 4.4 
12-17-87 
73 01:47:20 O + O  1362e5 Os0 603+0 080 1732.0 0.0 11941 080 207,l 0,O 365t5 0.0 0,0 0.0 4.4 
74 C4:17:06 040 1362.5 Os0 403.3 0.0 1737,l OtO 119.1 GqO 20tq4 0,O 36589 O + O  0.0 040 5,: 
75 06:47:00 0.0 1362,l Os0 401s6 0.0 1732.6 0.0 117.2 0.0 206.8 0.0 365,6 0.0 000 000 1.0 
76 09316:56 0,O 1359,9 0.0 40263 O B 0  1735.4 0,O 119,5 O e P  206b9 0.C 36543 Os0 Os0 080 685 
77 11:46;40 0,O 1356.0 0,O 4 0 2 b 3  0,O 1732,3 O + O  12187 0,O 206.5 090 365.3 0.0 0 * 0  0.0 '+1 
78 14:16:41 0,O 1356,; O * O  403,8 0,O 1732,O 0,O 122.3 0.0 206d 0,0 365,O 080 0.0 OaO 7 4 6  

79 16:46:30 0,O 1354.7 O + O  402,8 0.0 1731J 0.0 122.3 OaO 206q3 0.0 36595 0 + 0  0.0 O t 0  8 0 2  
80 19:16:27 0.0 1354.7 0.0 403+7 0,O 1732.6 0.0 120.4 0.0 206.5 040 3L5qG O.? 0.0 0.0 8.b 
81 21:46:1R 0,O 1351.9 0.0 402.6 0.0 1733.4 000 119t8 0.0 205B8 0,O 365.2 080 0.0 O + O  942 
12-18-87 
82 00:16:12 O B 0  1351+9 O B 0  402e6 OtO 1731a7 0.0 118+5 0,O 206.0 0.0 364,' 0.0 040 0.0 9.7 
83 02:46:08 080 1351.7 0,O 402.3 0.0 1732,3 0+0 1?0,4 040 205+3 E 9 0  36487 "0 0,O C.0 10+0 
84 05:16:00 0.0 1351.3 0,O 403.8 0.0 1731.5 0,O 119.8 0.0 206.1 0,O 364.5 9.0 0.0 0.0 iO.5 
85 07:45:42 Os0 1352.2 080 402b1 0.0 1732.0 0.6 119,l 0.0 206~0 0,O 364.5 baO 080 O b b  11,O 
86 10:15:35 0,O 1349,l 0,O 402.6 '3.0 1732.0 0.0 119.1 0,O 206.0 0.0 36443 0.0 0.6 '00 11.6 
87 12:45:28 0.0 1348,7 OaO 403+1 0.D 1730t6 0,O 121.7 0.0 205+9 0.0 364.8 080 0.0 0. 12.0 

Fig. 65.  Example of VOLS program output. 
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12-15-87 
40 io:5a:29 
41 11:58:07 
42 12:58:06 
43 13:57:50 
41 14:57:54 
45 15:57:59 
46 16:57:42 
47 17:57:40 
48 18:57:32 
49 19:57:13 
50 ?0:57:09 
51 21:56:55 
52 ?2:56:56 
53 23:56:50 

54 00:56:45 
55 01:56:31 
56 02:56:33 
57 03:56:22 
58 04:56:17 
59 05:55:59 
60 06:55:53 

12-1 6-87 

I n p u t  
Vol KsSol 

-___- --__- 

86.2 123e2 
27.1 37.7 

43.1 60.5 
83.3 117,3 
91.3 44.0 

60.2 84+? 

71*8 101e3 
120a1 169n1 
57.2 79.3 
2488 34+4 
73.3 102.4 
57,3 80.4 

48,; 68,? 
59,6 84.0 

60.0 B 4 + 1  
66.0 92.0 
24.8 34.' 

4,: 6.1 
81.1 112.6 
36.5 51.1 

64.8 89.13 

monuci TANK V O L U ~ E  ANO EIGHT BALANCE 
Solutior, weigh? 1: v o l t m  X densi ty 

inpu t  is ouant,itr receibed from the coricentrator 
ID= Reglri I r iv  t ! IG4t  - OUPVt, - End I W  

19F05 
Uol K¶Sol 

- - - . - -_-_- 

118+? 16380 
14583 203t8 
205,s 288+6 
248.6 348,8 
331,9 467,6 
363.1 510.4 
98+5 138+7 
10087 141.8 
157.9 ?18.5 
182,7 254.6 
256.0 358.3 
313.3 441.3 
373.0 2 5 + 0  

0.0 O + O  

60,O 84+1 
126.0 173.3 
150.8 208.3 
215.e 295.5 
??0.1 33;,4 
301#1 419,? 
337.7 473,l 

19FO? 
Vol KdSo! _ _  .. .. - . 

454,a t482 
C,O 0,O 

G , @  0,0 
0,O 040 
0.0 0.0 

300,3 4?3*3 
419e6 591a7 
0.0 0.0 
0.0 0.0 
0.5 5.0 
0.0 0,0 
0.0 0 * 0  

4t6.9 b56.8 

4b7.8 656.1 
2 .3  362 
2,3 3 + 2  
2.2 3.1 
2 # 5  :,4 
:,I 3.c 
2 . 6  3.6 

040 080 

t h e  fo l low ing  periods e.)cced our inves t i9a t ion  heur is t i c :  

( 1) for  period 40 voli,re ID 15 -91.9 arid t n *  salut ior l  ueisht IL :s -122,b 
( 2 )  f o r  period 46 ,ioliume I D  is 36,l and the sc lu t ion  weidht 111 is 4'3.7 
( 3) f o r  period 53 vallme 111 1s -35.5 and the 5olut:Jr wridltt 10 15 -53.6 

futher i n v e s t i W i o n  is needed' 

I rIv 
!!ol YSSrJl 
- _ _  - __. . 

5 7 ~ 0  eii,i 

xa.6 348.8 

14f.2 ?0!.3 
20595 28846 

331,9 467.6 
363.1 510.4 
398,8 562,O 
520.3 ?33+5 
157+9 218,5 
182.7 ?54+b 
256.0 358*3 

373,O 525.0 
466,V b56.P 

527.7 740.! 
128.3 17h+: 
153,i 211.5 
217*8 298.6 
2?,6 i09,0 
303,3 42.: 
340,? 476.7 

31343 441.3 

.6.7. Example of PROBAI, p r s r a m  output (product area balance). 
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62.4 Program 8 - MINFL 

The MWFLW mgram is the control unit balance program for the solvent extraction 
system. This program dw uses the NRTA material balance numbers as reference. The program 
monitors total heavy metal mass flows, calculating parameters for each of the 4-min data sets. 
W.ocess monitoring mutines maintain cumulative totals for each of ?he NRTA balance periods. 
This is a program that not only calculates a balance on cumulative mass flows, but also presents a 
number of redundant process measurements in order Lo make judgments on measurement 
performance. Data can be presented in sumary  form or in detail for study of the various 
measurements involved. 

Figure 6.8 is an example of the M W W  program detailed output. The intent of the muline 
is to compare the cumulative mass flow of the solvent extraction feed to the cumulative mass 
flow of solvent ext product, measured as it leaves solvent extraction. "his product is 
collected in the surge 19F01). 

The MFNFLW program is an elementary attempt to use decision logic to choose the best 
alternative from among several redundant process control measurements. For the feed flow 
measurement, the tank dropout rate is continuously shown in comparison to the rate calculated 
from the rpm counter in the waterwheel feed device. The comparison is used to develop the 
calibration factor for the wheel device. 

Three determinations of the feed (WAF) concentration are shown. The "calc" concentration 
is a calculation based on measured tank density and an assumption on the adjusted acid 
concentrations, The "photo" calculation is the concentration as measured by an in-line, 
spectrophotometer device installed on the feed Zinc. The "DDACS" concentration is also from the 
photometer device but is made between stages within the solvent extraction systems. This 
measurement can be related to the feed and serves as a check on solvent extraction performance. 

The photometer device is more accurate than the calculated quantity, but less reliable. The 
calculated quantity is sensitive to a bias in the density measurement, but is a stable indicator of 
concentra~on. Together these measurements can provide an accurate determination of feed 
concentration. The photometer reading is used to develop a correction factor to be applied to the 
density measurement. The adjusted concentration tends to be accurate and is used with the flow 
calculated from the feed wheel measurement for input mass (uranium) flow. Total mass flow for 
each interval is shown in the column labeled "kg." The column labeled "cum kg" is cumulative 
total mass flow. 

Figurefi.8 also shows the output for this control unit as the HCU stream. The "flow" 
column under " H W  measurements is actually the HCX flow measu%ment. Flow of the HCU 
product is directly related to the NGX. The HCX is the aqueous strip stream which eventually 
becomes the HCU after ng product from the organic stream in solvent extraction. Since the 
aqueous strip stream is , cold chemical stream, it is easier to measure than NCU, and the 
measurement is traditio ailable for process control. This measurement can be assumed to 
be the same as the MCU flow. 

The concentration in the HCU stream is calculated based on a process contml density 
~ e a s ~ ~ m e ~ t  made in &e separator pot as the pmduct is airlifted to the surge tank. Again, this 

easurement is ~ ~ ~ i ~ a o n ~ l l y  available as a process control signal on performance of the solvent 
extraction system. The strip solution i s  low acid concentmtion, and the density measurement 
accurately reflects heavy metal (uranium) concentration with an assumption of acid content. The 
assumption of acid content i s  confirmed by periodic samples and an in-line conductivity 
measurement on the strip solution. Sample results are not shown. The DDAC measurement 
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HC aeasurewnts 
b u t  whl c a l c  DDAC Photo 

id% tine l h  l/r dl1  311 s/l kd 
--- -------- --- --- ---- ---- ---_ ___- 

12-15-87 
32 05:02:53 1*47 0*27 122e21 27457 136t43 0*1 
35 05:06:54 2e36 0.26 122*94 28.60 141+10 0.1 
34 05:10:49 2$28 0.26 122.16 25.30 131e44 0.1 
35 05:14:56 le76 0+26 121.63 28.21 139.54 0+1 
36 05:19:03 1.49 On27 122.12 25+69 142.29 0.1 
37 Q5;22:51 2+87 0426 121.97 27877 145.17 0.1 
38 05:26:54 1*31 0.26 120.93 21452 130+94 041 
39 05:30:50 2+41 OB27 120.84 26.25 144.99 0.1 
40 05:34:55 1.57 0.27 121a17 25+59 151.36 0*1  
41 05:389:53 2.32 0.27 121.85 26.75 149.48 0.1 
42 05:42:50 2t33 0,27 122a21 27.85 143.62 0*1 
43 05:46:48 l*62 0+26 122.30 26B07 148.29 0.1 
44 05:500:53 1692 0827 122.12 25.52 159.82 0*1 
45 Q5:54:43 le53 0326 121.26 Ut34 143.85 0 + 1  
46 05:56:42 2+87 0.26 122.30 26.66 161,34 0.1 

CUI) 

ka 

0.1 
0.3 
0,4 
085 
Os7 
0.8 
049 
1,o 
1.2 
1.3 
1.4 

1.7 

1.9 

1.5 

i , a  

HCU measurerents 
flow ca lc  DDAC 
1/m $/I 411 kd 
- - - -- _ _  _-__ _ _ _  

0.60 53.60 l l , 0 4  0.1 
0+60 52,81 11e53 0+1 
0$59 52.57 10.13 O s 1  
0.60 52a71 11.20 0.1 
0.B 51,83 lot26 O a 1  
0.58 52.57 11.37 0.1 

0.58 51.63 10.42 0.1 
Ob57 50.40 11+19 0.1 

o ~ e  4 8 ~ 3  10.19 0.1 
0.57 51,58 10892 0.1 
0.56 52.76 11.10 0 , l  

0.57 52.32 10.38 0 , l  

0.59 52.76 10.81 0.1 

Oe57 51q38 bOs45 0.1 

o a  53.85 ~ ~ 8 8  o, i  

CUI) wheel 9U rcvd 
k3 r w  d / r v  l9FOf 
--- - _ _ _  - --__ _I___ 

0 , l  11.1 132.5 14?3,? 
0+3 11,O 173.6 657.9 

0.5 11.0 178,; 68.4 
0*6 11.1 169,6 155.8 
0.7 11,O 184.0 -661.8 
0.9 10+9 174,8 ?01,3 
1.0 11+1 180,l 457.6 

1.2 11, l  179,l -500.7 
1 ,3  11.1 182.0 -212.3 

1.6 11.1 178+6 -281,l 
1,7 1089 176,O -21,9 
1,8 11,O 181.7 -293.9 

0 + 4  1 1 h O  184,7 336q7 

141 1161 175t7 -1664 

1.4 11.0 179.1 -188.41 

for balewe Period 35: 1.9 k% U input YS 1+8 k9s U output cave rl per  revolution nf  wheel uas 181$7) 
HAM rate uf increase over the Period bias 
averaae WSS rate  o w  the m e  period was 

feed accordins t a  water reheel 924al/rev 
HM-MhFel = -O4060 uheel-dropout = -1,739 

48 06:06:40 2.47 0.26 121.20 27.55 145,45 On! 2 .2  0.56 51.49 11,X !.i 2,O 11,O l56,9 

0,3251/min 
0.1201/am 

feed accordins t o  l lFOl dropout  ?.0031/rir1 (coabirled ?.1?31/min t o  HAW) 
0.2651hin (coabined 0.38511min t o  HAW) 

47 06:02:43 1.04 0.27 121+66 28.50 163+17 O b 1  ?*I  0457 52407 11.49 G a l  189 11.1 04.2 

49 06:10:41 2+29 0.26 122,36 25694 150481 0*1 283 0.57 52+37 10s33 0.1 L.? 11,O 17586 
50 ob:i4:40 1+75 0.26 i21,63 za,io 1 6 ~ 9 5  o , i  ~4 om 54.04 11.00 0.1 2 , 3  i i , n  171.6 
51 06:18:41 1.95 0.26 121.17 27.71 140,50 0.1 2.6 0.57 52.96 11.10 0.1 2.4  11.0 l X . 7  

53 06:26:40 2,02 0.26 120.71 26.06 137.94 O b l  2.8 0.57 52.47 10.50 0 , l  ? . 6  11.0 176,l 

55 06:34:37 2.34 0.26 122.12 25.99 138.12 O a l  3 , l  0,59 59.06 10.36 0.1 2.9 11,O 179.6 
56 06:38:38 2,16 0.26 121.39 27.11 136.25 0.1 3.2 0.59  53.11 10+82 0 , l  3,0 11.0 1812  

52 06:2?:40 ?e03 0.26 122s30 26,91 154$47 001 ?,7 OB57 52471 l”a’2 @+I 2,; 1180 174.7 

54 o ~ : ~ o : u  1.88 0.26 i22,ib 28.95 13447 o,i 3,o 0 , 5 8  53.55 1 i a  0.1 ?.a i!.o 175.3 

s7 06:mu 1,)s o a  1 2 ~ 4 3  2 ~ 9 1  153.69 0 ~ 1  3*3 0,5? 52.02 i i a  0 ~ 1  3 , i  i i ,o 179.3 
58 0 ~ : 4 m i  2,06 0.26 121.57 26.32 134.64 0.1 3.: o s  si.3e 10.57 0 . 1  3.3 10.9 i80,i 
59 06:50:36 1,85 0+26  121.57 25,78 15?,77 0.1 3+6 0459  52,37 10+21 O a l  3.4 11,O 179.3 
60 06:54:41 1.98 0.26 1?1,90 28.36 130.57 0.1 3,7 0.59 54.78 11,37 0.1 3.5 1!.0 179.3 
61 06:58:35 2,08 0426 121b90 25a73 127,87 0.1 3.9 0.57 51.58 10.51 O,! 3+6 11.0 179.9 
for balance Period 36: 1.9 k.95 U input v5 1.8 hgs U o u t w t  (ave 11 re; revolutiort of wheel uas 179,93 

HAY ?ate of increase over the Period *a5 0,33,61/rin 
average HSS rate over the sane ?eriob was 0,1201/min 

Peed accordinrl t o  1lFOl drorallt l,9781/mir1 (coahinPd 2,0981/min t o  NAU) 
feed arcording t o  water uheel P24rl/rev @.2641/min (coahinad 0.3841/sir1 t n  I I A U )  
WJ-uheel = -0,047 uheel-drarout = -1,714 

2108.0 
818.1 
470 I 0 
797+1 
554 I 4  

694,3 
1641.3 
538 I fi 
-58.’ 
321 ,? 

11.9 
858.5 
5h6 ,7  
699.8 

5 ~ 2 . 8  

Fig. 6 8 .  Example ob MloITFEW prsgam (.wlvent extraction ballanace). 
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shown in Fig. 6,8 is measured by the photometer on an intermediate stream within the strip 
contactom of solvent extraction. The actual HCU concentration is confirmed by periodic samples 
and measurements in the MCU surge tank (19FO1). 

As the analyses in the MINFLW routine reach an NRTA balance data set, additional 
summary calculations are made. As shown in Fig. 6.8, the comparison of total mass flow is 
shown for NAF and HCU over the balance period. For this particular analysis, the actual 
quantities in HAW are considered negligible. A summary of cumulative dropout compared to 
wheel measured feed is given to confirm these calculations. 

Solvent extraction operations have additional characteristics that help confirm the accuracy 
of process control measurements. Tfie aqueous component of feed and additions of scrub 
solutions (HSS), all aqueous solutions, eventually combine in the HAW system. With the dual 
tank mode of HAW collection in the ET facility, HAW volume increases are an additional 
confirmation on feed measurements. Comparisons of HAW to feed rneasufements add additional 
confirmation to feed measurements. 

As noted, the MINFLW program can be operated in a summary mode. In this mode, the 
analyses between NRTA balance periods are omitted from the program output. Only the summary 
comparisons are then presented. 

The discussion on the MINIKW program is rather detailed. These details were presented to 
participants in the demonstration. The program is an example of a process monitoring routine that 
analyzes a balance statistic for potential removal, but also shows the relationships of process 
measurements to confirm or verify key measurements. 

62.S Program 9 - ANALllZ 

The ANALIZ program allows the inspector to review the process monitoring data for each 
of the major uranium-bearing tanks in the E T  facility. The program is keyed to the NRTA 
balance file number. The inspector can select a summary of dl level measurements, all density 
measurements, temperature, volume, or volume changes. The program presents data from the 
4-min process monitoring data for two hours before and one hour after the selected NRTA data 
set. 

Figure 6.9 is an example of the output from the ANAL12 program. A listing of tank level 
measurements was selected for this example. 

6.2.6 Program 10 - LSTPFI 
The NRTA, and the role of process monitoring in collection and qualification of automated 

in-process inventory measurements, is an integral part of the E T  facility safeguards system. The 
program LSTIPI simply provides a detailed listing of in-process inventory for a single NRTA 
balance, along with inventory change information and a calculated inventory difference. Total 
uranium inventory in the LET facility is the basis for the inventory difference calculation. An 
example is shown in Fig. 6.10. 

53.7 Program 11 - TOTBAL 

example of the output for a series of balances is provided in Fig. 6.1 1. 

6.2.8 Program 12 - BNETK 
The program BNETK is a tool for the inspector to view a summary of the NRTA in-pmcess 

inventory data for an individual tank. The same data shown in the ESIITPI program are shown, 
but for a series in NRTA balances rather than all tanks in an individual IPII. The example in Fig. 
6.12 shows a series of measurements for the feed adjustment tank (1 1F03). 

The TOTBAL program is a summary of a series of NRTA balance determinations. An 



ow21 
----- 

1 + 557 
1.560 
1.547 
1,566 
1.567 
1,569 
1,546 
1,564 
1.568 
1,569 
1,544 
1,568 

1.568 
1.566 

1,568 

1.569 
1.565 
1.567 

1,565 

1.566 
1.565 

1.566 
1.563 
1,563 
1,566 
1,566 
1.566 

1.564 

1,555 

1,566 

09F23 --___ 

0,580 
0.313 
0.000 
0 4 085 
0,006 
0,005 
0,807 
0,007 
0.008 
0.008 
0,006 
0.008 
0,007 
0,008 
0.007 
0.008 
0,008 
0.008 
0,008 
0,007 
0 a 009 
0.008 
0.008 
0.009 
0.008 
0.010 
0 + 009 
0.007 
0.009 
0,008 

The data  far  RECORD 35 are: 
46 05:58:42 
47 06:02:43 
48 06:06:40 
49 06:10:41 
50 06:14:?0 
51 06:18:41 
52 Q6:22:40 
53 06:26:40 
54 06:30:41 
55 otl:34:37 

57 08:42:37 
58 06:46:41 
59 06:50:36 
60 04:54:41 
61 06:58!35 

54 06:3a:18 

1,564 

1.554 
1,564 
1.565 
1.5JB 
1.569 
1.564 
1 + 564 

1.566 
1.563 
1.565 
1.565 

1.562 

18564 

1,562 

1.565 

0. OOE 
O * O O E  
O,OO% 
0,009 
0.008 
0.ooc 
0.011 
0.010 
0,011 
0,009 
0.010 
0.011 
0,009 
0,010 
0,010 
0.011 

FATA FROH SAFEGUARDS ~ ~ - R I H U T E  wm FILES 
For tuo hours before and an hour d f t e r  RECORD 35 

LEVEL rpcorded for each o f  the : C  tanks 

l l F O l  llFO3 

1 595 

1.584 
1,517 
1.571 
1.545 
1.559 
1,551 
1,543 
1.540 
1,516 
1,492 
1,485 
1,417 
1.472 
1,463 

1 I 449 
1,442 
1.435 
1,430 
1 e 420 

1.407 
1,402 
1.394 
1.396 
1,380 
1.373 

1,583 

1.458 

1,416 

I ,368 

1.358 
1.351 
1.346 
1,338 
1,332 
1.325 
1.318 
1.311 
1.304 
1,296 
1,288 
1.282 
1.275 
1.269 
1,262 
1.25: 

1.066 

1.265 
1.266 

1.267 

1.267 
1,269 
1,350 
1,444 
1.520 
1,521. 
1,521 
1.522 
1,521 
1,524 
1,523 

1.521 
1,523 
1.523 
1,521 
1.524 
1,524 
1,522 
1,522 
1.521 
1,523 
1.522 

1,521 
1.523 
1.521 
1,523 
1,523 

1,522 
1,523 
1 .:22 
1.52: 
1.521 
1.524 
1,522 
14521 
1,522 
1.523 

1,198 

1,267 

1 2 6 7  

1,524 

1,521 

19F01 
_ _ _ _ _  

0.604 
0,605 
0.607 
0,602 
0,603 
0,603 

0,601 
0 4 606 
0.601 
0,607 
0,599 
0.603 
0 + 605 
0 + 607 
0.409 

0.606 
0.602 
0.601 
0,604 
0.607 
0,607 
0.604 
0,607 
0,599 
0,601 
0,405 
0 + 605 
0.603 

0.607 

0.607 
0 I 600 

0,605 
0 I 606 
0 I 607 
0,60h 
0,603 
0.594 
0. A05 
0.607 
'3.603 

0.607 

0 605 

0 608 

0,604 

0,596 

0 I 606 

19C09 
_ _ _ _ _  

0,718 
0,734 
0.729 

0.749 
0,751 

0.764 
0.759 
0,771 
0,757 
0 + 770 
0,768 
0.768 
0,769 
0.770 
0,775 
0.772 

0,768 

0.750 
0 766 
0 + 712 
0,711 
0.771 
0 $769 
0.753 
0,762 
0.756 

0.731 
0,717 
0.696 
0.707 
0 + 745 
0.766 
0,772 
0.759 
0,769 
0.770 
0.768 
0,750 
0,726 
0,726 
0 I 730 
0.767 

0 * 731 

0.761 

0 t 764 

0,764 

17FO5 
__-._ 

0.344 

0,341 

0.342 

0.345 
0.348 

0.353 

0.366 
0 + 382 
0.396 
0.408 
0,421 
0,436 
0.452 
0,467 
0.473 
0.479 
0.487 
0,493 
0.504 
0.520 
0.537 
0.549 
0.570 
0.578 
0.593 

0.592 
0,594 
0.592 
0,594 
0,593 
0,593 
0 + 603 
0.616 
0.631 
0,656 
0 I 680 
0.688 
0.691 
0 4 681 

0.689 

0 + 343 

0,341 

0,342 

0.350 

0 356 

0,689 

Fig. 6.9. Example of output from ANALPZ program. 

19FF 

0.000 
0,000 
0.000 
0,000 
0,000 
0,000 
0.000 
0,000 
0.000 
0,000 
0.000 
0.000 
0 * 000 
0.000 
0,000 
0 t 000 
0.000 
0,000 
0.000 
0.000 
0,000 
0.000 
0.000 
0,000 
0,000 
0,000 
0.000 
0,000 
0.000 
0 I000 

0.000 
0 I000 
0 * 000 
0,000 
0,000 
0,000 
0,000 
0 IO00 
0.000 
0,400 
0.000 
0.000 
0.000 
0.000 
o*ooo 
0.000 

llFlO _ _ _ _ _  

0.344 
0,347 
0,352 
0 4 35: 
0,352 
0.351 
0,353 
0,353 
0,353 
0.353 

0,443 

0 + 4 4 4  
0.444 

0,444 
0.445 
0,444 
0.445 
0.449 
0.443 
0 443 
0 I 444 
0.441 
0,445 
0.445 
0,444 
0.445 
0 I 444  

0.443 
0,444 
0,444 
0,442 

0,444 

0.443 

0.444 
0,443 
0,443 
0.444 
0,442 
0 I442 
0.443 

0,391 

0 e 443 

0 ,444 

0 e 443 

0,443 

0,442 

32F I1 

0 I921 
1.166 
0,878 

1.330 
1.145 
0.737 
0,390 
0,006 
0.002 
0,004 
0.003 
0,002 
0,003 
0,000 
0 * 000 
0,001 
0,001 
0,002 
0.004 
3 * 000 
0 t 002 
0,004 
0.005 
0,003 
0.055 
0 I 349 

1,198 
0.960 

1.330 
1,161 
0,992 
0,718 
0 I 424 

1,291 

0.780 

0 + 140 
0,005 
0.085 
0,161 
0,255 
0.271 
0,351 
0,443 
0.503 
0,592 
0,656 



IN-PROCESS INVENTORY SUHHARY ( for  balance period 
data recorded a t  01:5?:18 on 12-15-87 

Previous IPI data at, 00:5?:22 on 12-15-87 

31) 

tank level dens terer vol sol wt 
m t  BS/$ oC l i t e r  k25 ----- ----- ----_ ----- 

09F21 1,5527 113792 3998 135457 1%68,5 
09F23 0,8888 1,3854 3336 I t , l  15+3 
lfFOl 0,5780 112428 38t4 640a8 !96,4 
llF03 2,0415 1,2272 32t4 2344.5 287712 
lPFOl 0,6067 1,2184 33,7 205,? 250t7 
19C04 0,7695 1,3387 10613 24015 321t9 
19F05 OiO6OO 1,4031 68,G 28+7 40,2 
19F87 1,5874 1,4556 3te5 443t7 523t6 

3cid and water add5 t o  feed adjtjstnent 
32Fll 0,4675 It2666 33t6 87.9 I t f t 3  
12FOS 0,4996 1,0549 29t1 401,O 423t0 
IF07 0,0054 1,0900 2842 4 t 4  4t4 
19Fi2 011912 It0000 2661 B9t1 8911 
32F01 1119?? 1,0267 E , O  516263 5???19 

integrated flows out 
aver 1x3, balance 

inventorr chande since 

calc volume sol wt volure 501 wt tJraniiJlR 
the last balance 

ilfl 11 k.3 I t  k.dt kst ----- -e--- ----- ----- ----- 
25227 Ob0 o t o  -119 -la2 
255,16 010 O t O  o t o  010 
152+66 1568 1967 -117+4 -147,s 
138137 0.0 O,? 3 + 4  6,7 
132t09 0.0 010 594 7,3 
228 t 02 97t8 137.2 5,7 -5t3 
261 t30 444,3 62315 -346,s -487t8 
247 t84 oto  0'0 443,7 623,6 

0'00 0,o 0,o 83t5 105,9 
Ot00 r 3 s Q  ot0 20 , s  21,7 
#to0 O,o 0,0 0+1  Q + 1  
0100 ot0  010 3043 30t8 

oto o to  

0400 0,o 0'0 -269 3 -2a2,7 
Total llraniur inventorr is 966,s ks5 

I I I uas 966,Zkss 

oto 
0,o 
010 
O+O 
G t O  

Flg. 6.10. In-process inventory summary from LSTIPI program. 
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SUIfHClRY FOR TANK llF0l 

idx t h e  

12-14-87 
--- ----_..-- 

25 20:00:0s 
26 21:00:Q3 
27 21:59:51 
28 22:57:5G 

29 23:59:37 
30 00:59:22 
31 O1:5?:18 
32 02:59:19 
33 03:59:OQ 
34 04:58:53 
35 05:50:42 

12-15-87 

1,2260 112434 
1,1232 1,2443 
1,0145 1,2442 
0,9090 1,2440 

0,7972 1,2436 
0,6878 1,2449 
0,3780 1 2428 
0,4673 1,2438 
135347 1 t 2333 
1,4628 I42261 
I + 3581 1 + 2273 

integrated flow5 out 
over l a s t  balance 

volure sol u t  

inventory chande since 
t h e  l a s t  balance 

volulre sol u t  uranilda 
1 ,  k,g1 kd, ----- ----- ----- 

P w 

Fig. 6.12. Single tank data summary - ONETK program. 
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~~0~~~~ 13 - SCROL 
The SCROL pmgrm i s  used to obtain detailed lislings of the process rnonhrhg data base. 

The program makes use of virtually all of the pmcess ccsntrol data collected by the system and, in 
this sense, goes beyond the capabilities likely to be available with a limited set of information 
given to inspectors. H wever, the program has k n  useful for safeguards program development 
in ehe E T  facigty %pad as prese:xmd to the paicipmts for their use to investigate the wealth of 
information ?hat is available within a modern, computerized cclntml system. 

Figure 6.13 shows the cammads necessary to t ~ s e  the. SCROL routine. There are 24 
different groupings for process infomation, dealing primarily with various plant system and 
equipment. Participants used a numnhr of different system ~ p r t s  in their analyses. Space does 
not permit inclusion of examples from each system, However, in the example given in Fig. 6.13, 
the user chose the feed system (1 1FOl). 

RUN SCHOL 
1 = 07F017 2 = 09F03r 3 = 07FO4i 4 09F21 
J - 09F23r 6 = llFOlr 7 = 1IF03r 8 = acid/H?Q add 
9 = 12F05r 15: 12F03r 11= 19C04r 12= 19F01 
13= 19F05f 14= 19F077 1S= 17F12r 16= 32Fll 

c -  

17 returns colusn infor rz t ion  
18 ' cantastor a w  readin!% 
19 ' contactor. Flows7 et?. 
20 ' contactor StatlJs 
21 ' f l u i d i c  F U I P  ani  stuf f  
23 ge ts  5pare tank (Ifill)! s t u f f  
24 sets 5 contactor ;tuff 

Which Tank (1-16) or 17 = coli.irn? S 
He are reading from DU:E40~1001ISPO+CPY 

If t h i s  is tarangr run SETARC t o  change i t  
, (+ A80 t h i s  program 

Yhich version nur~iber ( a  '0' gets t e w  P i l e ) :  134 
120 120 130 600 0 120 15 

There are 120 s e t s  in this f i l e  
The l a s t  s e t  u r i t t e n  is 120 

Hold aanr t o  read? 29 
Which one t o  s t a r t  with? 20 

Are you a UT-100 (,<CT;; says res)? 

Use of the SCRBL routine requires some knowledge of the data in the process monitoring 
4-rnin data files. 'Tnis infomatiom is obtained from other programs such as the reference program 
discussed in Sect. 6.2.10. In the example presented, the user chose version 134 of the process 
control data files. As discussed in Sect. 5.4, this can lx considered volume 134 of the data 
volumes, containing 120 pages of proccss control data sets. The user went on to choose 20 pages 
starting with page 20 to be displayed. The output msuulting from this selection is shown in 
Fig. 6.14. 



HB FEED (11FOlf TANK SUMARY 

29 04:54:55 
21 04:58:53 
22 05:02:53 
23 #5:06:54 
24 05:10:49 
25 05:14:56 
26 05:19:03 
27 05:22:51 
28 05:26:54 
29 05:30:50 
30 05:34:55 
31 05:38:53 
32 05:42:50 
33 05:46:48 
34 05:59:53 
35 05:54:43 
36 05:58:42 
37 06:02:43 
38 06:06340 
39 #b:10:41 

1,472 
1,463 
1 458 
1,449 
1 t 442 
1,435 
1,430 
1 t 420 
1,416 
1,407 
1 t 402 
1,394 
1,386 
1 t 380 
1 373 
1 t 368 
1 , 358 
1,354 
1 t 346 
1,338 

45t1 1,2271 
44,9 1,2261 
4487 1,2272 
44+5 1,2282 
4412 1,2270 
44a0 112266 
43,8 1+2271 
43s6 1,2267 
43t4 1,2255 
43'2 1,2254 
43tO 1,2260 
42+7 It2267 
42,s 1,2272 
42+3 112273 
4 2 t 1  1,2271 
41t9 1,2261 
4137 1,2273 
41,s 1,2265 
41,3 112259 
41tO 1,2276 

4052 
39.5 
39,8 
39,8 
4012 
3935 
39,8 
40.2 
39,B 
39+8 
3985 
39+8 

3998 
39,8 
39t5 
39t8 
39,8 
39,8 
39+5 

39,a 

1623+4 
lt13.3 
1097'5 

1509.0 
1581 +8 
1575 t 6 
1564s7 
15S9, 4 
1549,Y 
1543 t 5 
1534t3 
1525,l 
1S18,6 
1510.8 
1505.0 
1493,5 

147915 
1470 3 

1598. o 

1489 , 3 

-5,s 3, 
2 s  3,  
1'5 3' 
2t4 3, 
213 31 
1 ,8 31 
i ,5 3, 
2,? 3, 
1+3 3' 
294 3, 
1.6 3, 
2,3 3, 
2.3 3, 
I t 6  3, 
I ,?  3, 
1.5 3. 
2 t?  31 
1 t o  3, 
295 3, 
2*3 3, 

8888 t 
8880 * 
8888 t 
8888 4 

8888 4 

0888, 
8888 + 
8888 s 
8888 + 
8888 t 
0888 4 

8888 + 
E888 
8888 t 
888B 
8888 + 
8880 t 
8888 + 
8888 t 
8888 + 

1, 
1, 
1, 
1, 
1,  
t t  
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
I ,  
1, 
1. 
1, 

Fig. 6.14. Example of SCROL pmgram (HA feed tank summary). 

HAF cooler HAF 
t e w  

cc 
----- 

35t9 
36,O 
36tO 
36,l 
36,l 
3661 
36,i 
3661 
36tl 
3641 
36, l  
36,1 
36,l 
36+1 
36+1 
36s1 
35,& 
35,3 
35,O 
34+9 
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As noted in the discussions for a number of programs, the NR'TA balance files contain 
pointers: to the SOUTE of the in-process inventoey data in the process monitoring data files. The 
program REF alllows the participants to read the references. Section 6.2.9 discusses the necessity 
for this information when using the SCROE program. During an investigation of 
indication from y of thc routines keyed to the NKrA balance files, the inspector finds the 
reference and uses the SCRBL program or other routines to investigate the raw recorded data. An 
example of the use of the REF program is included in Fig. 6.15. 

>RUN REF 
there have been 94, records urittert 
s t a r t  with which wcord 23 

end with which record 35 

23 18:00:28 on 12-14-87 is from record 
24 19:00:31 on 12-14-87 is frow record 
25 20:00:05 on 12-14-87 i s  from record 
26 21:00:03 on 12-14-97 is frow record 
27 21:59:51 on 12-14-97 is from record 
28 22:59:50 on 12-14-87 is fror record 
29 23:59:37 on 12-15-07 is from record 
30 00:59:22 on 12-15-57 is from record 
31 01:59:18 on 12-15-E7 is from record 
32 02:59:19 on 12-15-87 is fro8 record 
33 03:59:09 on 12-15-87 is f ro& record 
34 04:58:53 on 12-15-87 is f r o r  record 
35 05:58:42 on 12-15-87 is from record 

Version numbers are in oc ta l  

Fig. 5.15. REF program -.- 

106 e O f  DU: 1401 1001 ISPrd e CFY 
121, o f  DU:C40r1001ISPO~CPY 
16. of DU~t40~1001ISFO~CPY 
31, o f  DU:~40~1001ISPO,CPY 
46. of DU: c40 9 1001 ISF'O 1 CPY 
tli o f  BU:C40~100!ISP?tCFY 
76, o f  DU:C407!?01ISPF,CPY 
31. o f  DU: C40 I 1001 I SPO, rc'Y 

106 )r of DU: :~OY~QO?ISFO+SPY 
121, o f  DU:C40tlGOlISPfi CP" !!I. O f  DU: E401 1001ISPOi CPY 
21. C I ~  DU:t40~1001ISPO+CPY 
40 * of 3u: i 401 10I)!ISPO 'CFY 

NRTA dates and tlmm 

Event logging is a role that can be of value to ~ n ~ e ~ ~ ~ ~ ~ ~ ~  safeguards and is easily 
implemented. Event logging with respect to the product area of the Tokai Reprocessing Plant was 
the subject of Task I of the TASTEX' program and was a part of the package developed under 
Task E for elcctrommorneter demonstration. TRSUM is a program that expands on the concepts 
of cvent logging for the E T  safqguards system. 

alyzed the process monitoring 
data base and provides information to the inspector on significant process events throughout the 
facility. Cumulative quantities associated with transfers are calculated and stored in the MRTA 
data base. These cumulative data are used by the TRSUM program. 

The process monitoring routine discussed in Sect- 6.1.2 

*Tukai Advanced Sakgumrds Technology Exchange (TM'I'EX) was a cooperatkc program b e t w m  the mu, 
France, Japan, md the U.S. to explorc advanced concepts for safeguards in reprocessing plants. 
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Figure 6.16 is an example of the TRSUM program output. This program uses the NRTA 
balance file numbers for reference. The program provides summary information on process batch 
transfers. This is the event-logging function described as one of the appropriate applications. It 
was noted in discussions during the demonstration, and as recommended by participants, that this 
routine would be more useful if it showed receipt quantities in the summary as well. 

6.2.12 Program 16 - NfCROT 

P r ~ s s  data associated with tank transfers provide valuable safeguards information. The 
program MICRO" is provided in the safeguards inspectors tool bag to be used to confirm or 
resolve indications of safeguards pmblems from other software programs such as MONITR, or 
the solution balance mutines. 

The program MICROT also uses the NRTA balance files as reference. The user enters the 
number of the balance file of interest and enters the identificalion numbers of the tanks involved 
in the transfer. The programs find the key into the p m s s  monitoring data base. It returns a 
detailed summary of the process monitoring data for each tank for two hours before and one hour 
after the time of interest. As an example, based on the infomation shown in Fig. 6.16, period 31 
was selected to analyze the transfer of product from the catch lank to the accountability tank. 
Figure 6.17 shows initiation of the routine with the user selecting the product collection tank 
(19FOS) and the product accountability tank (19FQ7) as involved in the transfer. The data 
provided are shown in Fig. 6.18. 

During the testing thal involves actual removals in the IET facility, this program is useful in 
isolating the time and location of removals. The program has another valuable use in detection 
and quantification of measurement biases. 

In the ease of an operating reprocessing plant, the accountability tank measurements are 
carefully made with accurate and precise instruments. The measurements are usually verified by 
an inspector. The p m s s  monitoring routine (MONITR) provides a continuity of knowledge on 
the location and movement of accountability batches. The details of the MICROT routine can 
qualify in-process tank measurements with traceability to verified accountability measurements. 
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idx time 09F21 

12-14-87 
25 20:00:05 0,o 
26 21:00:03 0,o 
27 21:59:51 188 
28 22:58:50 -53849 

29 23:58:37 0.0 
30 00:59:22 0,o 
31 01:59:18 0,o 
32 02:59:19 0,o 
33 03:5P:OO 0.0 
34 04:5833 0.0 
35 05:58:42 0,o 

--- ----__-- ----I 

12-15-87 

VOLUHE TRMSFER SUMARY 

Culrulative VOlUBe5 (liters) transferred during each period 

09F23 
----- 

0,o 
0,o 
040 

538 0 9 

o * o  
0,o 
0,o 
0,o 

224,b 
154.9 
060 

llFOl llF03 
--..I" ---_- 

i5,a 040 
15.8 0.0 
1548 o * o  
15VR O b 0  

15t8 o*o  
15*8 0,o 
15#8 o * o  
15.9 0,o 
1518 1161Q3 
1559 0,o 
15+8 0,o 

l9FOl 
----I 

0 6 0  

0,o 
010 
010 

0.0 
090 
0.0 
os0 
040 
0.0 
0.0 

19C04 ----- 

77,9 
153,2 
14310 
43,7 

68.5 
2.6 

97.8 
88.1 
35,9 
34+6 
7 b , 9  

19F05 --_-- 

268ab 
171 e7 

010 
o to  

O # O  
o*o  

444e3 
0.0 
0.0 
0.0 
o * o  

19F07 

Fig. 6.16. TWSUM program - event-logging summary. 

)RUN HICROT 
This pro$ram provides a ' a m o '  analysis o f  process 
transfers. You should know the 'hoiJrl9' record 
number a f  concern and uill enter the tanks involved 
in the transfer, Levels density and volmes f o r  the 
tanks wolvedr recorded ever3 Pour minutes for  
two haurs befare and ar  hour a l t e r .  ulll be shown, 

Tank nuRbers m e  as follows: 
1 = 07F93r 2 - 07F04 
3 = 09F211 4 09F231 5 = llFO11 6 = llFO3~ ' - 1CF91~ 
8 19CQ4? 9 = 19F05r 103 19F07, 11. llFlOr 1".3?Fll 

Enter sendin3 tank n u r k r  (1-12'; Q 

Enter receive tank nuaber '1-12); 10 
b)hich record are we 100klh9 at'' 31 

are  Y D U  a WT-100 ((cr? says res): 

0.0 
410.7 
34,7 
0.0 

0,o 
0,o 
0,o 

464,1 
0,o 
0.0 
0.0 

acid 
add 
--I-- 

0,o 
O b 0  
0,o 

65640 

0.0 
0,o 
0.0 
on0 
0.0 
80+2 

O b 0  

32Fll ----- 

160,O 
0.0 
0,o 
O b 0  

0.0 
010 
0 6 0  

221.1 
O B 0  

304.2 
11,4 

Fig. 6.17. Initlation 06 MICROT program - 
tank transfer sunammy. 
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DATA FROM SAFEGUARDS 4-HINUTE ROUND FILES 
Far tuo hours before and a~ hour after BALANCE 
analizind transfer frob 19F05 t o  19F07 

31 

Idx Time --- ------_- 
OR 12-15-87 
76 23:59:37 
77 00:03:37 
78 00:07:33 
79 00:11:37 
80 00:15:33 

82 00:23:33 
83 00:27:35 
84 00:31:36 
85 00:35:30 
86 00:39:23 
87 00:43:19 
88 00:47:21 
89 00:51:22 
90 00:55:27 
91 00:59:22 
92 01:03:30 
93 01:07:29 
94 01:15:27 
95 01:15:23 
96 01:19:30 
97 01:23:22 
98 01:27:24 
99 01:31:25 
100 01:35:28 
101 01:39:26 
102 01:43:19 
103 01:47:17 
104 01:51:22 
105 01:55:24 
The data for 
106 01:59:18 
107 02:03:24 
108 02:07:20 
lo? 02:11:20 
110 02:15:26 
111 02:19:27 
112 02:23:20 
113 02:27:3? 
114 02:31:21 
115 02:35:26 
116 02:39:22 
117 02:43:17 
118 02:47:27 
119 0?:51:19 
120 02:55:11 
121 02:59:19 

ai oo:i9:3z 

Senbind Tank (19F05) 
Level kens Val __---_ _-____ ____-_ 

at :  
0,8327 1.4098 37296 
0,8261 1.4141 369,7 
0.8290 1.4083 371,O 
0,8376 1,9059 374.9 
o,a3iz 1,4059 372'0 
018336 194003 373,O 
018321 1,4054 37284 
0,8340 1,4029 3731? 
0,8272 1,4186 370.2 
0.8274 1.4186 370,2 
0,8358 1.4147 374,O 
0,8318 1,4200 372,2 

0,8307 1.4163 371,7 
0,8316 1,4206 37?,1 

0,8332 1,4058 372.9 
o , a m  1,4073 3752 
01a484 1.403s 379.7 
0,8550 1,4035 38217 
0,8755 1,4041 39149 
0,8940 1,4047 400,3 
0,8085 1,4047 36187 
0.5789 1,4036 258.3 
0,3584 1,4031 159,l 
0,2091 1,0000 93,7 
0.0000 1*0000 0.0 
0.0000 1*0000 Ot0 
0.0000 1.0000 0,o 
060238 1,0000 13+9 
0,0388 lvOOO0 19,3 
0,0502 1+0000 24.3 
BALANCE 31 are: 
0,0842 1,0000 3?+4 
0.1099 1,0000 50,E 
0,1362 I+OMX)o 62+4  
0,1535 1+0000 69,B 
0,1674 1+0000 75+7 
0,1901 l*OOQO 8515 
0+2183 1*0000 97,b 
0.2544 1,0914 11311 
0,2542 i1ioa5 113.0 
0.2547 1,1952 11362 
0,2514 1,1912 11118 
0,2540 1,2273 117,9 
0,2534 1,2753 112*7 
o m a  1,332 1 1 3 ~  
0,2626 1,3351 116+6 
0.2630 1+3372 11b,7 

Receiving Tank (19F07) 

0.0 Dl0000 1,DOOO 
O b 0  o+oooo 1,0000 
010 0.0000 1*0000 
0,0 0,0000 1.0000 
0,0 0,0080 1.0000 
0.0 0+000c 1,0000 

Ol0 0,oow 1.0000 
0,O 0,0000 1,0000 
0,c 0,0006 1,0000 
os0 0,0000 1,0000 
c.0 0.0000 1,009r: 
0.0 0,0000 :.0000 
0,Q 0,0000 1,0000 
010 0.0000 1,0000 
0,O 0,0000 1,0009 
050 8,0000 1,OOOD 
c,EI :,oooo 1,0000 
0,O 060000 1,OGOO 
0,6 0,0000 1,0000 

6 9 + 2  0.2752 1,0000 
157,: C65977 1,4108 
261,' 0,9606 i,4580 

434.4 1+5556 1,4583 
444, B 1.5885 1,409B 
444.1 1.5891 1,4041 
444+1 1.5891 1,4013 

o k o  0,0000 1koooo 

35744 1,2902 1,4070 

w,i i m ?  1,404: 
444,C 1,5907 1+4010 

Fig. 6.18. MICROT program output- tank transfer summary. 





7, REMOVAL DETECTION 

The pmcess monitoring routines used in the IET facility safeguards system were described 
in Sect. 6. A goal of the December 1987 demonstration was to give participants the opportunity to 
play the role of inspectors and use the computerized process monitoring safeguards systems 
installed in the ET facility. 

The benefit of testing and demonstration in the E T  facility is that actual removals or other 
scenarios associated with safeguards can be created. During presentations on the use and 
philosophies of the ET safeguards systems, the E T  facility operations staff implemented a series 
of material removal scenarios. 

While the first part of the *-day meeting concentrated on discussions and practice with 
the tools of the E" safeguards system, the last portion allowed participants to use process 
monitoring. They used the system to detect and confirm real problems while experiencing 
problems and false alarms that are characteristic of process data from an operating plant. This 
section reviews some of the findings and conclusions. 

7.1 SOLVENT EXTRACTION FLOW 
It was noted in Sect. 3.3 that a special equipment change was implemented in the LET 

facility to accommodate testing with the smaller contactor units while operating the remainder of 
the system at the higher design flow sheet conditions. Recall that the higher flow sheet conditions 
were necessary to ensure frequent batch transfer activities for the demonstration and other tests 
conducted during the test run. 

The process change involved the addition of a transfer line to move additional solutions 
from the feed rank (1 IFOl) to the intercycle surge tank (19F01), bypassing solvent extraction. As 
a safeguards scenario, this operational change can be wonsidered as an effort by a facility operator 
to "side-pocket" feed material, potentially in a location for later processing and recovery. In the 
case of the ET IBcility operations, the quantity involved was actually significantly larger than the 
process stream. However, it i s  interesting to consider this as a demonstration of process 
monitoring used for design verification. 

The detection of this condition was alluded to in the discussion on the WEBAL program 
(see Sect. 6.2.2) and in the data shown in Fig. 6.6. Figure 7.1 is mother example of the output 
from the HEBAL mutine, showing another 10-h series of control unit bdances. Every balance in 
the series produces an alarm. The consistent ID quantity suggests a continuous loss. 

To confirm the loss, the inspector turns to the M I N E W  software (see Sect. 6.2.4). This is a 
process monitoring mutine directed at the detection of losses from the solvent extraction system. 

i: routine opens the p m s s  monitoring data base. It calculates inass balances but also includes 
information to evaluate the measurements involved. It offers a summary option for the printout. 

Figune 7.2 is the summary printoul for several of the mass balance periods involved. Recall 
that the rate of increase in the HAW collection tanks should be equal to the feed rate plus any 
additions of scrub (WSS) solutions. The comparison of the wheel (see Sect. 3.2.3 for a description 
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12-15-87 
f o r  balance period 35: 1,9 kgs U i w u t  vs 1,8 kss U output (ave sl per revolution o f  uheel uas 181,Yl 

endins a t  05:58:42 on 12-15-87 
twU rate of increase over the periad uas 
werage HSS rate over the sale period uas 

feed accordins to water uheel F24rl’rev 
MU-uheel = -0,060 uheel-dropout = -1,739 

O,3251/min 
O+lZOl/rin 

feed accordins t o  llFOl dropout 2+0031/min (corbined 2b1231/ain t o  MU) 
0.2651/~in (corbined 0,3851/min t o  HAY) 

for balance Period 36: 1,9 kas U input  v s  1.3 legs il output (ave a1 per revolution o f  uheel ua5 179.9) 
endins a t  06:58:35 on 12-15-87 

HAY ra te  of increase over the period uas 
average HSS rate over the same period u s  

feed arcarding t o  uater heel e24allrev 
liM-uheel = -0.047 uheel-dropout = -1,714 

0+3361/sin 
0.1201/r1rI 

0+2641/1hin (cwtbined 
feed accordinrl t o  1 ~ 0 1  dropout 1,97el/rln (coahined :.0981/min t o  HAY)  

C.3841/sin to  HAV) 

for balance Period 37: 1+9 kgs I! inrut vs 1,9 Fg5 U wtwt !ave a1 Per v v o l u t i o n  -3f uheel uas i78.:) 
ending a t  07:58:35 on 12-15-87 

HAU rate of increase over the reriod uas 
average HSS rate wer the saw period UJE 

feed accordins to uater &el @24ml/rev 
HAY-uheel = -0,048 wheel-drorout = -1,677 

0,3361/nin 
0+1201?nin 

feed accordins t o  l l F O l  dropaut 1 + 9 6 1 1 / a ~ n  I combirted ?,0811/mln t o  HAW) 
O.?64l/sir (rnabinrd #,384l/ffiin t o  HAW) 

for  balance period 38: 1.9 695 U inrut vs 1,9 ks5 !I output !ave n l  pel w o l ~ i t i o n  of uhee! LIE l87 ,Oi  
endins a t  08:58:31 on 12-13-87 

HAW rate o f  increase over the period was 
average HSS rate over the same reriod uas 

0,3361/rin 
O,l?Ol/ein 

feed acmrdins t o  llFOl dropnut ?,0581/rln ‘combined 1,178l’rin t o  HAW) 
feed according to uater uheel F24nl/rev 0,?541/n~r~ ‘corbired 0,3R41/mrl tr, MU) 
MU-wheel = -0.048 wheel-droraut = -1 ,794  

for halance period 39: 1.9 t.95 U inrut v5 1.7 1% 11 mitwit ni! rei’ - rvo !u t ion  c f  wheel W G ~  180.2) 
endins a t  09:58:42 on 12-15-97 

HM rate o f  increase over the Per:ud uas 
aver* HSS rate over the same period uas 

feed according t o  uater uheel @?4d/:ev 
HAY-uheel = -0,031 uheel-drorout = -1 ,?1? 

0.3531/nin 
O.l?Ol/hin 

Peed accordirtll t o  l lFOl  dropout 1,98ll/mir~ (cirhirted ?.lflll/ain i o  HAW 
OG?bdi’sin (co&irl*d f i t 3 8 4 1 / a ~ n  t o  HGU’ 

fo r  balance reriod 40: 1.9 tzfs U inout 4: 2.0 1 4 s  IJ o u t c . k  ‘3ve r l  O e r  r w o l u t i m  0’ whee’ was 181.1~ 
ending a t  10:58:?9 or1 12-15-87 

HplW rate o f  increase over the period uas 
average HSS rate over the 5 a w  period was 

0,31?l/rin 
O~l2Ollain 

feed accardins to  1lFOl drcpoclt 1 ,W41/min ’combined ? + ! 1 4 1 / ~ 1 n  to H A W 9  
feed accordins to  uater uheel @?4ml/rev Ct:641/inin !cmltineJ 0,3841’min t c  HAM! 
HAW-uheel = -0,072 wheel-drwout -1,730 

Keadind f ran f 1 l e  BU: C40r 1001ISPO ,CFY i 155  started a t  l l i34:X on 12-15-87 
fo r  balance period 41: ! ‘ 9  kgs U inrut ‘IC, 1 . 7  k§r I‘ n’JtwA ( ~ J E .  a! PP: revolu~ion o f  uheel WJ: 181,?) 

ending a t  11:33:97 on 12-15-87 
HAY rate of increase over the Period was 
averapie HSS rate over the same period was 

0.33?1/a11n 
3,1?01/rin 

feed accoc.dins t o  l1FOl dropout l,P??l/nir ‘co!abiried 2,1191/mir t c  HAW: 
feed according t o  uater uheel @24ml/rev 0+:64!imin irolabi:leci 0.?841/mirt t o  HM) 
HAY-uheel = -0,052 uheel-dropout = -1.735 

Fig. 73. MINFLW summary to confirm flow bypass. 
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5waw of IET ~rocess  tank a c t i v i t i e s  
on first l i n e  For 09f21 
on secwul line 

idx tiw t-leuel dens vol 

126 12-15-87 ll:l8:21 
126 11:18:21 2.1457 1.3757 1361.0 
w 12-15-87 

127 12-15-a7 ii:22:14 
127 11:22:14 2.1450 1.3772 1559.5 
on 12-15-87 

129 12-15-87 11:30:19 
129 11:30:19 2.1470 1,3785 1359.0 
on 12-15-87 

130 12-15-87 11:34:20 

0,0167 143981 0*2 
0.7071 i4i8z2 202.9 

0.0167 1,3981 0.2 
0,7058 141812 202.7 

0.0151 1.3981 0.2 
0.7061 1.1820 202.6 

.. 

f a r  UFO3 
for 1F05 

t-level dens vol 
------ --I--- -----_ 

.- .I -- 
1,8931 1.2422 1745.6 
0,4281 1.3873 136.6 

1,8900 1.2428 1741,8 
0.4391 1.3877 140.2 

1.8935 1.2431 1745.8 
0.4466 183942 141.9 

1.8931 1.2422 1745.6 
0,4471 1,3848 143.1 

o Product transfer (19F07) i n  prosresst transfer 31,3 l r t r r s  '8 7.8 l/rinr cuwlative 
apparently t o  WF23 uhich shws an increase of 18,9 l i t e r s  

130 11:34:20 2,1163 1.3771 1359.9 0,1627 1,3981 19.0 1,6929 1,2423 1795.2 
an 12-15-87 0.7146 1.1822 205.0 0.4489 1.3901 143.1 

11 12-15-87 11:38:14 
o Product transfer 119F07) in progressr transfer 120.0 l i t e r s  @ 30.8 I h i r l ?  wrulative 

awarent lr  t o  O9F23 uhich shws an increase of  121.7 liters 
11 11:38:14 2,1460 1.3785 1354.4 0,5554 1,3981 140,8 1,8927 1,2416 1716.0 

an 12-15-87 0.7181 1.1801 206,3 0,4491 1.1934 142.8 

12 12-15-87 11:42:15 
o Product transfer (19F07) i n  Protlress, t r a w l e r  120.3 liters @ 29.9 l /r in,  ~cuwlative 

awarentlr t o  09F23 uhich shous an increase o f  115,: l l t e r s  
12 11:42:15 2.1458 1.3779 1358.8 0,9474 1.4297 2S6.2 1.8912 1.241? 174403 
on 12-15-87 0,7199 1,1816 ?W,6 0.44aO 1.3877 !43.1 

13 12-15-87 11:46:16 
o PrDdUCt transfer (1W07) i n  Pragressr transfer 116.7 l i ters  9 ?9,1 I h m  cuwlative 

awarenllr t o  09F23 uhich shous an increase o f  114.8 l l t w s  
13 11:46:16 2.1468 1,5792 1358+2 1,3254 1,4306 371.0 1,8914 1,2420 1744q3 
on 12-15-87 0.7161 1.1824 205,4 0.4482 1.3979 142.1 

14 12-15-87 11:50:09 
o Product transt'er (19F07) i n  ~r09re~sr transfer 67.3 l i t e r s  9 17,3 l/airtr cliwlatire 

14 11:50:09 2.1478 1,3772 1360.8 1,5553 1.4347 440.9 1.8930 1.2412 1746.9 
on 12-15-87 0,7117 1,1820 204.? 0.4502 1.4'307 142.4 

awarentlr to 09F23 uhich shous an increase of 67.9 liters 

15 12-15-87 11:54:03 
u 19F07 transfer completer 

12-15-87 047104 1,1839 203.5 0.4535 1,3951 144.1 

455.31rtersr b4?,9 Is solution sent t u  prsduct 
15 11:54:03 2.1453 1.5165 1359.9 1,5557 1.4341 44163 1,8914 1.2126 1793.5 

0.9567 1.2271 856.3 9.3 
2.3151 1,4251 454.4 0.6 

0.9480 1.2267 049.0 0.3  
2.3180 1,4242 4S.3 0.9 

0.9391 1.2272 840.9 0.3 
2,3190 1,4231 455.9 0+4 

0,9301 1.:276 83288 0.3 
2.3162 1.4231 455.3 0.3 

31.3 liters 

0,?215 1.2273 825.5 0 + 3  
2,1692 1.4266 424.0 0,O 

151.3 l i t e r s  

0,7135 1,223 817.9 8 .3  
1.5774 1.42% 304.0 -0.1 

271.5 l i t er s  

0.?0?5 1,2279 808.5 0.3 
0.7841 1,4217 183,s 0,1 

388,'J l i t e r s  

0,8931 1,2283 500.2 0.3 
0,3802 1,4717 67.0 -O,? 

0.8745 1.2282 784.0 0.3 
F.0900 1.4217 0.0 0.4 

Fig. 73. MONITR program output showing product transfer. 
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The inspector should be drawn immediately to the batch transfer comparisons. He should 
fer with each 4-min data set. Extracting the data from Fig. 7.3 for a notice the prog~ss of the t 

gives the fallowing: 

sent received 

time volme demity volume density 

11:34:20 31.3 1.4266 18.9 1.398 1 

11:38:14 120.0 1.4256 121.7 1.398 1 

11:42:15 120.3 1.4217 115.5 1.4297 
1 1 :46: 16 116.7 1.4217 114.8 1.4306 

11 :§0:09 67.0 1.4217 69.9 1.4347 

Prom the HEBAL summary, 15-17L are apparently missing. From the above data, the 
majorhy of the missing material (10-12 C) became arent at the start of the transfer. The other 
5 L S ~ Q W  as missing midway through the t m f e r .  There are subtle effects involved. 

At the start of the transfer, the receiving tank (09F23) was empty and the liquid level was 
below the density tneasurenent probe. With the logic built into the MONlTR program, the 
dcamsity in the receiving tank i s  estimated as 1.3981 glmE based on the last batch in the tank. The 
differences are larger if actual, unadjusted measurements are used. 

Figure 7.4 presents the output from the MICROT program, which uses unadjusted readings 
in the cornpaxison calculation. When a tank is empty, or the density instrument is out of service, 
the instrument shows a density of 1 .O. 

The emor of the density estimak accounts for most s f  the initial difference of 10-12 E. At 
11:42, the density probes in the receiving tank are mvcncd. The su reflects an actual 
measurement. The change from a dcnsily estimate to a m e a s u ~ d  value olume calculations 
results in the apparent 5 L discrepancy at 11:42, shown in the data presented in Fig. 7.3. The 
difference i s  larger in the urscomcted dara presented in Fig. 7.4. Incidentally, the sending tank 
probes kcomc uncovered, and the last measurement is carried forward as the estimate in the 
logic of the MBNITR pmgram. 

These subde density measurement effects are the cause of die discrete diffexnees that are 
appaxnt in the progression of the transfer. However, the more important int is that the density 
in the receiving tank at the conclusion of the transfer is 1.4347 g/mL. The density measured in the 

ding tank was 1.4217 g/mL. There is a bias involved. If the final volume in the receiving tank 
is recalculated with the density of the sending tank, the final volume increases by 15 E. If the 
comction is made, ebe inventory measurement for tank 09F23, shown in the H E B a  analysis, 
increases by the same amount and the ID in the EEBAL analysis is in line with the others. 

It is concluded that the density of the product measurement tank is biased by about 2% and 
results in the problem apparent in the E B A L  analysis. The bias i s  confirmed in this case by a 
similar analysis of transfers and comparisons as the material was moved into the product tank. A 
similar bias was detected, but this analysis i s  not presented here. 
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DATA FROH SAFEGUARUS 4-HINUTE ROMn FILES 
For LUO hOlJl'S before arid aft hour af ter  BALANCE 

analizinl transfer fror i9F07 t o  07F04 

Sending Tart+ (19FO7) 

41 

I& Tire Level Dens Uol  

Reading P i l e  DU: 140~10011SP0,CPY 
--- -------- ---I-- ------ ------ 

on 12-15-87 at:  
106 09:58:42 0,0000 1,0000 0,O 
107 10:02:48 0,0000 1,0000 0,O 
105 10:06:56 0,0000 1,0000 0.0 
109 10:11:06 0,0000 1,0000 0,O 
110 10:14:38 0,2307 1,0000 57,O 
111 10:19:07 0,6046 1,4174 159,6 
112 10:22:51 0,9425 1,4257 ?56,4 
113 10:26:23 1,2633 1,4244 349,4 
114 10:30:13 1,5960 1.4239 446+1 
115 10:34:12 1,4281 1,4253 455.5 
116 10:38:12 1,6248 1.4235 454.5 
117 10:4?:15 1,6221 1,4256 453,? 

119 10:50:14 1,6251 1,4257 454,6 
118 10:44:19 1,4270 1,4247 455,i 

120 10:54:2? 184275 1.4244 45563 
121 10:58:29 1.6259 114251 454.8 
122 11:02:23 1,6259 114261 45448 
123 11:04:26 1,6284 1,4238 455,s 
124 11:30:20 1,6254 1,4250 45447 
125 11:14:20 1.6297 1,4229 455t9 
126 11~18:21 1.6245 1,4251 454.4 
127 11:22:14 1,6275 1,4242 1155,3 
128 11:26:25 1.6295 1.4231 955.9 
129 11:30:19 1,4275 1,4231 455+3 
130 11:34:20 1,5199 1.4266 424,O 
Reading Pile DU:C40~1001ISPG.CFY 
11 11:38:14 1.1065 ib4?54 304,G 
12 11:42:15 0,6927 1,4217 183+8 
13 11:46:16 0,3802 1+0000 98+0 
14 1¶:50:05 0+0000 t+0000 @ + ?  
15 11:54:03 0,0000 1,0000 0+G 
The data for BALANCE 41 a i e :  
16 11:58:07 0,0900 1,0030 340 
17 12:0?:05 0,0000 1,0000 0,O 
18 17:06:05 0,0000 !,0000 Q + 2  
19 1?:10:06 0,0000 1,0000 C . {  
10 1?:14:04 0,0000 1,QOOG 0,0 
21 12:18:06 0,0000 1,0000 0,o 
72 12:22:01 0~0000 1,0000 060 
23 12:2&:0i  0,0000 1,0000 0,D 
24 1?;30:07 0*0000 1,0003 0,O 
25 12:34:04 0,0000 i+OOOG 0.0 
26 12:37:51  ObOOOO 1.0000 G,O 
27 i?:41:59 o,oooo 1,0000 e,o 
28 1?:46:04 O*OOOO 1,000G 060 
29 12:50:04 0,0000 l+OOO# 0+C 

31 1?:58:06 0,DOOO 1,0000 0 , O  
30 1?:54:06 0,0000 1+0000 0 + 0  

0.0 
0.0 
r3,O 
O b 0  
0 4 0  
o + o  
O+? 
fi,$ 
0'5 
0.0 
o+o  
?,0 
G I 0  

0,O 
0,O 
0 4 0  
e a @  

0.5 
0.0 
0,0 
0,G 
!*O 
0.0 
0+0 

31 + 3  
i135 started a t  11:34:2? oft 12-15-87 

Fign 7.4. Detail summary of product transfer from MICROT program. 
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1%~: E T  facility is a test facility and, as noted previously, high accuracy accountability 
measurement equipmcnt and labratory analyses are not available. In actual facility, the 2% 
bias would not be pnesent in an accountability measurement. Cap ities exist for density 
measumnents in an operating facility with an accuracy of 0.25% or less. Small biases can be 
detected. 

The impsr'i;uice of this analysis with respect to an operating facility is that the same 
compaiisons can be made and related backward (or fopward) to an acco ability measurement. 
These comparisons cm serve to qualify p ss control ~ e ~ ~ r e ~ e ~ ~ ~  with traceability to a 
verified accountability standard. Process me rtant to inventory measurements 
in conventional accounting or N R  method of qualifying measurement systems to verified 
accountability measurements can (verify) NWTA in-process inventory and conventional 
accounting inventory measureme s is an cxample of process monitoring in a role of 
qualilying these ~ e ~ u ~ ~ e n ~ ~  

In the: case presented here, the anomaly is resolved as Que to a measurement bias. The 
results of this analysis can be incorporated into subxquent analyses to resolve anomalies before 
alarm. We have used the process monitoring analysis and tools, not only to resolve an alarm, but 
to qualify data for subsequent analysis. 

73 INPUT ACCOUNTABILITY MEASUREMENT ALARMS 

two examples were derived from analysis of one of the control unit balance 
routines in the process monitoring tool bag. Those analyses assume that the process 
monitoring routine MOMTII had already k n  run to calculate the quantities transferred. 
However, there are. a number of safeguards tests that are built into MONITR that alert the 
inspector to problems. 

Figure73 shows another segment of the output from MONITR. There are three events 
detected in the data shown in the figure that mlate to scenarios expressed as concerns for 
safeguards. They involve attempts to bypass the accountancy tank with material. 

'nw. data recorded at 21:31:57 on December 14, 1987, produced an alarm that 56.8 L were 
missing from the input accountability tank (09F23). At the same time, an unexplained increase 
was noted in the feed adjust tank (1 lF03). The E T  facility operator actually transferred a small 
amount of material into the system, making the transfer over a short lime interval SO that the 
system would not log the event. This action mounts to an undeclared transfer of material. 

This analysis seems rather elementary when J1 the data are availabk. However, without 
pmcess monitoring, on both the a ~ ~ Q ~ ~ ~ ~ ~ ~ ~ ~ ~  tank and downstre taraks, this event would be 
difficult to detect. If this were actual fecd in an LWR plant, about 50 g of plutonium would be 
involved. In a breeder fuel plant, it would be a b u t  one kilogram. T h i s  analysis and deteclion is 
made with volume measurement data only, readily available from a p r o ~ s s  control system. The 
data are easily verified by cross check to the input accountability tank measurements that are 
routinely monitored by the inspectoi-s. 

The data in Fig, 7.5 show a very small mount of material added to die accountability tank 
at 21:43:56. This is just prior to the start of the announced accountability transfer. This could be 

transfer of the accountability batch started during the time period before 
22:03:56. It is obvious from the start that material is being transferred from the surge t 
(Q9F21) at the s m e  time that the accountability tank (09F23) is being transferrcd to the feed 
adjust lank (llF03). In the first interval, 8 L are ~ h o  as transferred from tank G9F21. The 

attempt to add material alter sampling. 



Suwarr of IET process tank activities 
on first line For OW21 for W 2 3  for llF03 
on second line for l9FOl fo r  19FO5 
idx tire t-level dens vol C-lewl &IS vol t-level dens vol __ _ _ _ _ _ _  "_____ _ _ _ _ _ _  __^--- ------ ------ ------ ------ ------ 

a 12-14-87 zi:i9:s 
34 21:19:58 2,2164 1.3799 1401*9 1,9989 1+39W 601.5 1,1398 1.2389 1046$7 
12-1~17 0.7249 1.1835 207.7 0.5285 1,4084 166.7 

37 12-14-87 21:24:00 
37 21:24:00 2.2161 143833 1398q2 1.9988 1,3927 600.6 1,1385 1.2394 1045.0 

~n 12-14-w 0.7212 1.1841 206.5 0,5828 164101 183.8 

34 12-14-87 21:27:56 
38 21:27:56 2.2141 1.3810 1399.3 1,9989 1*39W bole5 1.1392 1,2392 1045.8 

on 12-14-87 0.7144 1,1825 264.9 0,6534 1.4092 206.5 

39 12-14-87 21:31:57 
39 21:31:57 2.2155 1,3827 1398.5 1.8153 1.3826 545.0 1.2086 1,2481 1102.6 

MI 12-14-87 0.7088 1.1804 203.6 0.7251 l,41?9 2?g43 
o Possible loss or unauthorized rewval o f  
o Unexplained increase of 

56.5 liters, from 09F23 
56.8 liters i n  llF03 

40 12-14-87 21:35:51 
40 21:35:51 2.2158 1,3840 139744 1.8181 1.3907 54!+5 1,2104 1,2466 1105,6 

LTI 12-14-87 0.7084 1,1849 202.8 0.7738 1,3992 246,: 

41 12-14-87 21:3v:57 
41 21:39:57 2,2154 1,3826 1398,2 1.8208 1.3Y48 541+6 1.2102 1.2469 1105.? 

on 12-14-87 0.7024 1,1859 200.9 0.7753 1,3976 247,: 

42 12-14-87 21:43:56 

for llFOl feed 
fo r  19F07 prod 

t-level d w  w 1  rate _ _ _ _ _ _  __^___ ------ ------ 

1,3440 1,2448 117689 083  
0.0000 1.3743 0.0 4.3 

1.3557 1.2438 1170.6 0,3 
0.0000 1.3743 0.0 5 , 8  

1.3277 1,2449 1162.8 0,3 
O.O00/3 1*3743 0,Q 5.4 

1,3190 1.2461 1154,2 0,3 
0.0000 1,3743 0.0 4.7 

1*!093 1,2453 1144.6 Oa3 
0,0000 1.3743 0.0 0.2 

o CIB S ~ U S  09F21 transfer t o  O P E 3  2 . 6  leavest 1.8 received .,,cilalative: ?,A - >  1.8 d i f  = -0,6 
42 21:43:51r 2,2091 1.3815 1395.7 1.8260 1,3746 543.4 1,2118 1,2416 110b49 1.3013 1,2455 1139,6 (I ,{  

on 12-1k-87 0.7239 1.1B14 207,7 0.7907 1,4061 250.9 0.0000 1,3743 0.F 0.9 

43 12-14-87 ?1:47:53 
o WF21 Transfer cwpleter 2 , 6  senti OW23 received 1.8; differerm ua5 -0,R 

43 21:47:53 2,2103 1,3840 1393.9 1.9268 1.3926 544.5 1.2101 1,2459 1106,O 
on 12-14-87 0,7291 1*1820 209.1 0,7882 1.3956 2 2 , O  

44 12-14-87 21:51:55 
44 21:51:53 2.2089 1,3829 139401 1.8286 1.3974 54380 1.2102 1.2473 1104+8 

on 12-14-87 0.7252 1.1845 207.6 0,8093 1,3973 25895 

45 12-14-87 21:55;49 
45 21:55:49 2.2087 1,3827 1394.1 1.0264 1.3919 544.7 1,2117 1,2475 1106,O 
on 12-14-87 0.7157 l+lBJ? 205,l 0.8152 1,3993 260,0 

46 12-14-87 21:59:51 
46 21:5?:51 2,2088 1,3830 1393.9 1.B2sp 1.3962 542.7 1,2116 1.2478 1105.6 
on 12-14-87 0,7057 l.lE3S 20293 0.8167 1.3998 260.4 

1.2906 1.2437 1132.0 0,3 
0,0000 1.3743 O + O  0+3 

1&2831 1.2459 1123.7 0,3 
O+OOOO 1.3745 0.0 1b6 

1.2710 1.2438 1115,O 0.3  
0,0000 1,3743 0,O 0 4 4  

1.2622 1.2442 1107+2 0.3 
0.0000 1,3743 0.0 ! l a 1  

ME # 27 1.8 0.0 364.8 
47 12-14-87 n:03:~ 
o CIB s b s  M 2 1  transfer to O F 2 3  
o CIB shws W23 transfer to  llF03 

47 22:03:56 2.1949 l.JB21 1386.0 
on 12-14-87 

48 12-14-87 22:07:52 
o CIB shws W 2 1  transfer to 09F23 
o CIB shau5 OW23 transfer to llF03 

48 22:07:52 2.1800 1,3808 137748 
an 12-14-87 

49 12-14-87 22:ll:M 
o CIB shous WF2l transfer to OF23 
o CIB shws 09F23 transfer to llF03 

49 22:ll:SO 2.1737 1,3781 137685 
MI 12-14-87 

0.0 040 263.2 171.7 410.7 On0 0.0 

8.0 leavesr -87.1 receiwd .,,cumlative: 8.0 -> -87.1 d l f  = -95.1 
87,l leavest 90,3 received ,,,mlative: 87,l -? 90,3 dif = 3.2 
1.5445 1,3838 455.6 1,3225 1.2608 1195.9 1.2558 1.2453 1100.7 0.3 
9.7050 1,1856 201.7 0,8179 1,4003 260,7 0,0000 1,3743 O g O  0.1 

8,2 leaves, -161.5 received .b.cualative: 16,Z -> -248.6 dif = -264.8 
161.5 leavesr 175.9 received ... ciumlative: 248.6 -> 266.2 d i f  = 17,s 
1,0388 1,3859 294,O 1,5345 1.2777 1371.8 1,2463 1,2455 1G92*3 0.3 
0.7045 ~ 1 8 ~  202~0 0,8156 1,uni 259.4 O,OOQO 1.3743 0.0 -0.3 

1.3 lesvesr -153.8 received ,,.cmlative: 17.4 -> -402,4 dif = -419A 
153.8 leave59 164.9 received .,.curlatiw: 402.4 -> 431.0 dif = ?8+6 
0,5490 1,3859 140.5 1,7353 1,2317 1536,b 1,2385 1,2454 1065*8 0.3 
0,7290 1.1866 207s9 0.8230 1.4031 261.8 O+OOOO 1,3743 0.0 0.6 



S m r y  o t  IET  F P O C ~ S ~  tank activities 
on first line For 09121 for W 2 3  for llF03 fo r  llFOl feed 
tm SECond line for 19FO1 for lpFW for 1907 prod 

idu t i e  t-lwel dens vol t-level dpns vol t-level dens vol t-level dens vol rate 
-_- ________ _____I ~ - ~ - - ~  _ _ _ _ _ _  ___-_- _ _ _ _ _ _  ------ __-___ _ _ _ _ _ _  ---.-- ------ --I--- 

50 12-14-07 22:15:40 
o CIB shous OW21 transfer to OPF23 10,b leaves3 -156,5 received ,,.cmlative: 28.0 -) -538*9 dlf = -566,9 
o C1B shaus 09F23 transfer to llF03 156.5 leaves, 153,9 received ,..curlative: 538.9 -> 584.9 dit = 46,O 

50 Z~:~S:WJ 2.1~01 1,3799 1365.9 0,0714 1.3859 3,7 1.9223 1.3020 1690.5 1.2286 1,2449 1077.7 0.3 
on 12-14-07 0.7198 1,1868 205.7 0,8430 1,40774 267.4 0,0000 1.3743 0.0 la4 

51 12-14-07 22:19:49 
o CIB shaus 07F21 transfer e0 09F23 6.7 leaves, 0.0 received ..,cualative: 34.7 -) -538.9 dit = -573.6 
o 09F23 Trwfer c w l e t e s  5sB.P sent; llF03 received 584*91 dxflerence was 46,O 

51 22i19i.19 2,1443 1,3765 1359,3 0,0714 1,3859 3-7 1,9444 1,3028 1709.2 1,2228 1,2461 1071,7 0,3 
on 12-14-87 0.7255 1,1882 206.9 0,8669 1,3995 276.3 0,0000 1.3743 0.0 2.2 

52 12-14-37 22:23:48 
o &Parent adJustmnt to llFO3, inrrease af  24*6~ acid and water adds total 58,5 (dill = 13.9) 
o 09F21 Tramfer cowletet 34.7 senti OW29 received 538,9; difference was -573.6 
o Cwlulatnve difference is excessiver investidate . .. 

52 22:23:48 2.1454 1b3761 136083 0.1198 1,5859 1005 1,9711 1,3022 173347 1.2124 1,2448 1063.9 Ot3 
un 12-14-81 0.7147 1.1949 204.6 0.8810 1.4025 280.5 0.0000 1.3743 040 1.1 

53 12-14-07 22:27:53 
0 4PParmt  adJushmt t o  llF03g increase of 103.0, acid  and uater adds to ta l  113,2 ( d i l l  9.3) 

53 22:27:53 2,1436 143763 1359.0 0.1222 1.3859 10.9 2,0686 1,2901 1857.6 1,2003 1,2448 1053+5 0.3 
on 12-14-87 0.7113 1.1856 203.5 0.0838 1.4029 281.4 0.0001) 1.3743 O o O  0.2 

54 12-14-87 22:31:49 
a W a r e n t  adJustrent t o  11F03r increase o f  110,br acid  and water adds total 111,3 ( d i f f  0+7) 

51  22:31:49 2.1430 1,3757 1359.3 0.1222 1.3859 10.9 2.1869 1.2748 1948.2 1.1930 1.2448 1047.2 0.3 
on 12-14-87 0.7085 1 , i w  202.8 0.8053 1,4062 281.2 o.oo00 1 ~ 7 4 3  0.0 o,o 

Fig. 7.5. MQNITR program - detection ~f accountability tank bypass. 

accountability transfer is completed at 22: 15:48. The comparison shows 538.9 L transferred and 
584.9 received. MONHTR calls thc difference excessive and suggests the need for additional 
investigation. Notice also that an additional 6.7 L is transferred into the accountability tank after 
the transfer. 

The MONITR routine calculated 34.7 L total transferred from tar& 09F21. Adjusting for 
the X~IQUII~ sent after the trmsfer, 28 1, was trmsfcaretf into tank 09b23 while the transfer was in 
progress, MONITR calculated 538.9 L sent. The transfer from tank WF23 to tank 11FO3 is a 
steam jet, and a jet dilution effcct of about 4% can be expected. Thus the 538.9 L sent to tank 
11F03 should, increase to 560.5 1, by this effect alone. The additional 28 L makes the total 
588.5 L compmd to the 584.9 L obsewed. 

In summary, the MONITK mutine was effective at detection of three different scenarios 
that attempt to bypass the accountancy measurement tank: 

1. undeclared transfers to process 
2. additions after sampling and measurement 
3. undeclared additions during accountability transfer 

The routine achieved rhese sensitivities using only process monitoring data available from the 
process conml computer system. 
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7.4 PRODUCT TANK REMOVALS 

Process monitoring routines can be very sensitive to product tank removals. "he product 
tank monitoring task of the TASTEX experiments was an eariy example of this application. 
product tank monitoring is part of the ET safeguards system. The difference between the IET 
application and other earlier applications is in the extent of the logic developed and implemented 
to evaluate the process data. IET facility testing has been extensive in this particular area in order 
lo understand the influences of pmcess variations and characteristics of process measurements on 
the sensitivities achievable. 

Figurp: 7.6 is another example of the output fiom the MONPTR routine. Three indications of 
lass from tank 19Mn are found in these data. In the first example (02:34) there is a caution that 
the status of the mixing equipment changed. The other two (0303 and 03:26) simply indicate a 
loss OF removal. 

Siwarr of IET Process tark activities 
on first line For OW1 for OF23 for  llF03 
on secoml line Cor 1WO1 f o r  19FOS 

I& time t-level dens vol t-level dens vol t-level dens VOX 
-.. -_---I- ------ -_-___ ------ ------ -_---_ ------ __-_._ 

111 12-14-87 02:22:17 
o 19FM transfer cwlete,  69.8 sentr 187.6 rffeived 
o Cuulative difference is exws5iw~ investisate +.. 

..+. assunin3 product accukulation a t  -0.91- 
111 02:22:17 0.0112 1+36S3 le4? 1,4240 1.3411 430.8 2,4169 1.2637 2195.3 
0 12-14-87 0.7?49 1.2500 210,I 0.0857 1.5298 2 6 + 9  

112 12-14-87 02:26:08 
112 02:26:08 0*0112 1,3653 1842 1,4213 1.3101 430.3 2,4147 142681 2185+6 
~n 12-14-07 O.lbP4 1,2500 38,7 0.0886 1.5298 27.7 

113 12-14-87 02:30:17 
113 02:30:17 0,0112 1,3653 18+2 1,4223 1,5426 429.8 244130 1.2607 2197,O 
on 12-14-87 0.7?.68 1+?500 19743 0,1154 1.5298 35.5 

o Unexplained increase o f  11.4 liters in llFO3 

114 12-14-87 02:34:09 
o Indication a? wall leak? lass? or removal of 2.6 f r o i  19F07 hut iixer status chansed 

114 02:34:09 0,0098 1,3653 17,i 
on 12-14-87 

115 12-14-87 02:38:08 
115 02:38:08 0,0112 1,3655 18.2 
on 12-14-87 

116 12-14-81 02:42:08 
116 02:42:MI 0.0107 1,3653 18,I 
crn 12-14-87 

117 12-14-87 02:46:14 
117 02:46:14 0.Q112 1.3653 18.2 
WI 12-14-87 

118 12-14-87 02:50:12 
118 02:50:12 0.0107 1.3693 lE+l 
an 12-14-87 

119 12-14-37 02:54:05 
119 02:54:05 040093 1,3653 1747 
on 12-14-87 

120 12-14-87 02:58:04 
120 02:58:04 0+0107 1,3653 18+1 
on 12-14-87 

1.6210 1.3954 1278,4 0.3  
2.2308 1,3976 446,2 2a1 

1.6140 1.3875 1270'6 0.3 
2.2402 1,3934 449.6 0.2 

1.6022 1.3870 1261.5 0 , 3  
2,2357 1,3?56 447.9 1$9 

1.4238 1,3420 430.5 2,4167 142636 2195.3 1.5915 1.3859 1253,9 0.3 
0.7293 1.2500 197.9 0.1370 1.5298 41,8 2,2166 1.3913 445.3 1.6 

1,4221 1,3444 4H.b 2.4135 1.2624 2194.5 1,5799 1,3864 124480 Oe3 
0.7472 1~2500 202.7 0,1579 1.5298 47,8 2.7144 1.3969 443.0 1.5 

1.4221 1.3409 430B3 2,4153 1.2619 2197.0 1~5772  1,3864 1241.8 0+3  
0.7373 1.2500 MO.1 0.1736 1.5298 52.4 2.2052 1.3949 441.7 1.1 

1.4211 1,3374 431.2 2.4167 1.2636 2195.3 1.5699 1.3871 1235.2 0.3 
Q.7733 1,2500 28.7 0,1864 1.5298 56.1 2.2052 1.3962 441,3 0.9 

1,4211 1.3420 428.6 2,4151 1,2652 21?1,1 1.5590 1,3853 1228.1 0.3 
0,7806 1,2500 211~7 0,2033 1.5298 60,9 2,2056 143954 441.7 1.2 

1.4221 1,3425 42?68 2,4174 162637 2195.7 1.5462 1.3851 1218.0 Os3 
0,7652 1,2500 207~6 0,2340 1.5298 b9,b 2.2117 1.3945 443*3 2.2 

1.4220 1,3438 429.2 2.4116 162602 2196.6 1,5358 1'3830 1211.4 093 
9.7389 1,2500 28065 0,2723 1*52?8 80,3 2,2116 1.3970 442.4 2.7 



62 

Swarr of IET ProcLiss tank activities 
cn first line For OW21 for WF23 for llF03 for llFOl feed 
on ~ecmd lise for l9FOl for 1FOS for 19F07 prcd 
idx Li+e t-level dens vol t-lew). dens vol t-level d m  val t-level den5 vol rate 

121 12-14-87 03:02:07 
n Indication o f  small leak, 1055, or rewval  o f  3.Q frm 1'337 

121 W:02:07 0.0112 1.3653 18.2 1,4223 1.3431 429,6 2,4137 1.2632 2193.2 1,5290 1.3860 120302 0.5 
an 12-14-87 0.7334 1.25QO 199.0 0.3057 1,5298 89,7 2+196Q 1,3962 433.4 2.3 

)(B 8 8 0,O 040 63~6 0.0 080 67,7 94.9 329.7 75895 0.0 
izi iz-i4-a7 O X O . ~  

lZ2 03:M6:05 0.0098 1.3653 17.7 1.4211 1.3124 429.4 2,4114 1,2619 2134,1 1,5191 1J869 1194.4 0.3 
M 12-14-m 0.7460 i.zwo 202.4 0,3207 1,5290 93.7 2,1914 1.m 438,~ i,i 

123 12-14-87 a3:io:io 
123 03:10!10 0.0112 1,3653 18.2 1.4213 1,3406 430,l 2.4147 1,2664 2188,S 1.5106 1,3865 1187.8 0.3 
on 12-14-87 0.7666 1.25410 207.9 0.3333 i . m a  97.4 2.1962 1.3~5 4 ~ ~ 7  0.9 

124 12-14-81 03:14:19 
124 03:14:15 0.0018 1,3653 17,7 1,4238 1,3450 429.4 2.4161 1.2633 2195.7 1,5017 1.3852 1181.8 Oa3 
m 12-14-87 0.7721 1.2500 209.4 0.3485 1,5298 101.7 2,1943 1.3948 439,5 1.0 

125 12-14-87 03:11i:03 
125 03:18:03 0,0107 1,3653 18*1 1.4212 1.3390 430.7 2.4169 1,2639 2134.9 1.4912 1.3852 1173.5 0.3 
QKl 12-14-87 0,7705 1,2590 209.0 0.3746 i ~ w z  118.8 ~ 1 9 3 s  1+3976 4 3 ~ ~ 4  4.5 

126 12-14-67 03:22:03 
126 03:22:03 0.0107 1.3653 18.1 1.4237 1.3454 429.2 2.4174 1.2637 2195.7 1.4847 1.3870 1167.0 0.3 
~n 12-14-81 0,7485 1,2500 203~1 0,3951 1.3991 125.1 2,2054 1.3968 441*2 1.6 

127 12-14-87 03:26:03 
o Indication I? soall leak- h S 5 r  or rekwal. o f  2,l fm 17f07 

127 03:26:03 0.0107 1.3653 18,l 1,4223 1,3400 430.7 2,4144 1.2631 2194,O 1,4738 1.3853 1159.9 0.3 
On 12-14-57 0.7675 1.2500 208,2 0.4221 1.3993 133.5 2.1949 1.3964 439.1 2.1 

128 12-14-37 03:29:55 
128 03:29:55 0.W8 1.3653 17,7 1.4207 1.3431 429,O 2.4133 1,2649 2189,8 1.4639 1,3859 1151.8 0.3 
on 12-14-87 0.7298 1,250~ 198.1 0,4487 1.3792 142.1 2.2004 1.3976 441.5 2~ 

129 12-14-87 03:33:55 
129 03:33',55 0.0093 1.3653 17t5 1,4223 1.3431 429t6 2.4169 1,2608 2200,4 1,4551 1.3859 1195.0 Oa3 
oil 12-14-87 0,7529 1.2500 204.2 0.4695 1.4073 147.9 2,2064 1.3952 4.11~9 1*S 

n Unewlained 1ncrea5e o f  10.4 literr i n  llF03 

Fig- 7A. MONWR program -- detection d product tank removals. 

TRG SCROL program is pulled from the process monitoring tool bag and is used here for 
c~~lfii-~~ii-iti~n of the alarm. This program presents detailed data for a selected process system. In 
this case, the program is used to present data for the product accountability tank. 
data shown in Fig 7.7 include those used by MOPJITR. 

etaiciled data of Fig. 7.7 show the tank k ing  filled from 02:02 to 02: 18. Notice that the 
o l m e  changed from 446.2 to 449.6 to 447.9 between 02:22 and 02:30. There were no 

alarms generated by MONITR until 6234 ( s m  Fig. 7.6). Testing at the E T  facility has shown 
that a detailed look at a combination of variables can be more sensitive to removals than 
monitoring a single variable. I K ~  the case of the product tank, MQNITR contains intelligence to 
use a combirtahican of tests involving apparenl level changes, density changes, temperature 
changes, mixing status indicators, and volume changes. Alarm sensitivity is set to 0.5 L during 
the ET facility tests. Only when there is a com imtion of removal indicators does MONITR 
gencrate m damn. 
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S U M M Y  FOR TANK 19F07 

idx t ie  --- ---I--__ 

on 12-14-87 at :  
90 01:39:23 
91 01:42:20 
92 01:46:23 
93 01:50:22 
94 01:54:20 
95 01:55:19 
96 02:02:15 
97 02:06:23 
98 02:10:19 
99 02:14:16 

101 02:22:17 
102 02:26:09 
103 02:30:17 
104 02:34:09 
105 02:38:88 
106 02:42:08 
107 02:46:14 
108 02:50:12 
109 02:54:05 
110 02:58:04 
111 03:02:07 
112 03:Ob:OS 
113 031¶0:10 
114 03:14:15 
115 03:18:03 
116 03:22:03 
117 03:26:03 
110 03:29:55 
119 03:33:55 
120 03:38:05 

100 02:1a:i9 

(Readind 1 ro8 file DU: E40 I 1001 ISP0,CPY 
0 6 0352 
010220 
0 r 0308 
0.0335 
0,0187 
0,0269 
0,2225 
0,6139 
0 9598 
1,3056 
1 t 6061 
1,5962 
1,6079 
I I6020 
1,5932 
1,5852 
1 * 5809 
1.5795 
1,5806 
1.5861 
1,5830 
1 6 5729 
1,5707 
1.5704 
1.5732 
1.5693 
1 t 5789 
1.5718 
1 5800 
I ,5814 
1 e 5765 

O+W 
0 I 0000 
O.OoO0 
0.0000 
0 IO000 
0 8 0000 
OlW 
0 * 0000 
0108oO 
0.0000 
0,0000 
0,0000 
0.0000 
0 b 0000 
0.0000 
0 * 0000 
0.0000 
0 + OQOO 
0,0000 
0 t 0000 
0 * 0000 
0 t 0000 
0 + 0000 
O,O# 
0 * 0000 
0~0000 
0'0000 
G.0000 
0,0000 
0.0ooo 
0 8 0000 

0,7a 
0149 
0168 
0.74 
0'42 
0.60 
4.94 
19.03 
29.73 
40.47 
49475 
49.58 
49677 
49 t 68 
49.26 
49.21 
49,Ol 
49,Ol 
49 t 02 
49+15 
49.14 
48s80 
45+70 
48 00 

40.74 
49.01 
48.77 
48*90 
49 I 03 
48 + 98 

48 + 76 

Readin9 P roa f i f e  DU: I401 1OOlISP0,CPY 
120 120 130 NO 0 120 
1 03:42:05 1,5770 0.0000 48.90 
2 03:46:14 1,5784 0+Ow)O 48+97 
3 03:50:14 3,5798 0,0000 49+0? 
4 03:54:16 1,5765 0,0000 48+94 
5 03:59:10 1,5819 OaOOOO 48.02 
6 04:02:08 1,5798 0,0000 49,04 
7 04:05;59 1,5759 0,0000 49902 
8 04:09:59 1,5773 0,0000 49,04 
9 04:14:00 1,5754 6,0000 48,94 

0*00 140000 
0.00 1eoooo 
O I 0 0  1*0000 
o m  1,0000 
o m  1.mo 
0,oo 1~0000 
0+00 1,0000 
O+OO 1,3949 
O+OO 1,3938 
0,00 1,3951 
0,OO 1,3940 
0100 1,3971, 
0400 1,3934 
0,OO 1,3956 
0.00 1,3913 
0400 1.3969 
0,00 1,3949 
OtOO 1,3962 
0,OO 1,3954 
0.00 1,3945 
O b 0 0  1,3970 
0,OO 143962 
Ot00 1,3952 
0,OO 1.3985 
Ot00 143948 
0,OO 1,3976 
OtOO 1,3968 
0.00 1.3964 
0.00 1.39% 
O b 0 0  1,3952 
O+OO 1,3982 

tew voluw 
C I  liters ---- --- -- - 

E130) 
30.9 6 , b  
30t9 4,O 
30,9 5.7 
30t8 613 
30,a 3,4 
30.8 5,0 
3566 54+6 
40.8 162,l 
42,s 261 1 4  

43.1 361+8 
43.5 449.1 
43,b 446,? 
43,s 449.6 
43.5 447,? 
43.5 445,3 
4394 443,O 
43,4 44117 
43.4 44143 
43e3 441,7 
43.3 443,3 
43.3 44?,4 
43.3 439,4 
43+2 438.8 
43,2 438+7 
43.2 43955 
4Jt1 438.4 
43,i 44142 
43,O 439.1 
43,O 441,s 
43+0 441+? 
43r0 440,s 

i131 started a t  11:37:10 on 12-14-87 
10 
(1.00 1,3952 42.9 44016 
O*OO 1,3962 4219 441.0 
0100 1,3962 4269 44164 
0,oo 1,3973 42.a 440,s 
0.00 1.3946 42.8 442,l 
0400 1,3969 4?,8 441+4 
0100 1,3997 4218 44013 
G+OF 1,3992 4267 440.7 
0,OO !*3982 42,? 440,l 

U-Prod 
PULP ____ 

0, 
0, 
0, 
0, 
0, 
0, 
01 
0, 
0, 
0, 
0, 
0, 
0. 
0 8  

0. 
0, 
0, 
0, 
0, 
0, 
0. 
0, 
0, 
0. 
0, 
O b  

0, 
0, 
0, 
0. 
0 4  

0, 
0 4  

0' 
0, 
0, 
G. 
0 ,  
0. 
0, 

air  
8i  x ---- 

1, 
1. 
1. 
1. 
1, 
1, 
1 6  

1, 
0, 
0, 
0, 
0, 
0, 
0, 
1, 
1, 
1 4  

1, 
1. 
1, 
1, 
1' 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1. 
1, 

1, 
1, 
!+  
1, 
1, 
1, 
1, 
1. 

1 4  

a i r  
wrFI 

1. 
1, 
1, 
1, 
1, 
1, 
1, 
0, 
0 ,  
08 
1. 
1, 
1, 
1 .  
1. 
1, 
1. 
1, 
1, 
1, 
1, 
1, 
11 
1, 
1. 
1, 
1, 
1, 
1, 
1, 
1, 

1, 
1, 
1. 
1 4  
1 4  

1. 
1, 
1, 
1, 

Fg. 7.7. Confirmation of product tank removals with SCROL program. 
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While calculated volumes change by more th between 0222 and 
02:30, there is no idam u in Fig" 7.7, the air mixers in the t 
off at that time. This change in status results in the qualifier added to the alm m 
Fig. 7.6. These data are still suspicious. Usi the data from Fig 7.6, the volume decrea,ses to 
44 1-442 L after 0242 and stays somewhat st until almost 0380. There i s  a spike to 443 I, at 
0254, but this seems to be a single measumnernt ana aly. The analysis an 
MONXIR does not detect a pmblem after 0234. 

om1 analysis of data from the 
SCROL pmgram lead to a conclusion lhat a mnoval occ It seems to involve a volume 
chmgc from a b u t  447 to 441 L or 5-6 L. The E T  o rations staff repsad  that they actually 
rcmaued 5 E during this t h e  perid. The MONITIh a1 only calculated 2.6 L as the loss in the 
alam message. It seems that the mnoval w placc over the time interval when the data at 
02% were king wmdedl. That is, some o were removed in the interval between 0230 
;and 0234 and was detected. The m t  was removed I aween 02% and 0 and did not produce 
ai alarm. T h i s  is an indication of the importance of timing of safe s tests and practical 
implications of removal detection. 

d at 83:M, is a little harder to resolve. 
Exmination of the 
from 438.7 to 442.1 L prior to the alami. There is iflp alarm at 8302, and mother alarm at 03:26. 
In this case the volume spiked up to 441.2 at 0322 from 438.4 four minutes before. The volume 
then fell back to 439.1 at 03:26, which produced the alarm. The measured volume then went back 
to 441.5 in the four minutes later. It is tempting to conclude that the a l m s  at 03:02 and 0326 are 
both false dams. 

Resolution requires a broad look at the. data from the lime after the first removal to the end 
of the data set shown in the SCROI, program output of Fig. 7.7. The data from 0238 to 0 2 5 8  
averagc 442.1 L, For the time from 03:M to the end, the average is 440.4 The operations staff 
actually did remove 2 K from the tank at 03:05. The MONITR program did d a m  the removal. 
This apparent sensitivity must be considered in relation to the false alarm generated at 03:26. A 
thorough analysis was able to isolate the alarm at about 1.7 L using some averaged volume 
meau~ments  taken around the time of conce 

The process moi~&~ring routines available ii the E T  safeguards system include those 
directed at the product area ese can be corn jared to simpler routines that have been 
implemented and tested in programs like T'AS'T'EX. Development of the ET process 

ystem has included evaluation of process data and the characteristics. The LET work 
evelopment of complex logic routines like those used to screen volume changes for 

alaani in the data discussed in this section. The knowledge ut process data behavior, gained 
from extensive testing, has k n  incoqoraled in the analysis routine for use by the participants 
(inspectors) in the demonstration. 

The MONITR routine did detect two rennovds at 0234 md 03:05, but pmduccd a false 
alam at 0326- Analysis of the data was provided by M o m ,  but resolutiodconfimation 
required the use of the. SCROL program as well. This exercise fiarther demonstrates a scnsitivity 
of  process monitoring but shows the necessity of having the tool bag of analysis routines 
available to the inspector. 

The damn of MONRR shown in Fig. 7.6 md the 

The alarm shown in Fig. 7.6, which occu 
ala provided by the SCRBL p m g m  shows the calculated volumes ranging 
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7 5  REMOVAL FROM SOLVENT EXTRACTION FEED TANK 

The E T  safeguards system is a test system and is still under development. For this 
demonstration, the intention was to concentrate on those aspects of the safeguards system and 
process monitoring that have particular significance to international safeguards. That is, the 
removal tests and method of detection were focused on those plant activities and S C ~ M ~ ~ O S  that 
are often discussed as concerns for international safeguards. Process monitoring can be sensitive 
to a broader range of potential problems. One such scenario was encountered during the 
demonstration. As it turned out, a removal of material was planned by the operations group. They 
inadvertently carried out the removal at the time when an instrument failure occurnd In terms of 
international safeguards, this particular event can be viewed as an attempt to cover a removal with 
an apparent instrument failure. 

Figure 7.8 gives the output from MOMTR for a series of data recorded between 04: 11 and 
0 4 5 8 .  There is notice of an accountability waste transfer and a feed adjustment activity in the 
data, showing process monitoring in a data logging function. More significant is the alarm 
recorded by the routine at Q4:42. An unexplained increase of 84.8 L was detected in the feed 
adjustment tank (1 1F03). The &arm i s  due to a real incmse, not just an instrument spike because 
the volume increase persists. The experienced safeguards analyst also notices the density 
decrease, indicating that the addition was a low density solution 

The next logical step in the safeguards resolution process is to examine tanks that could 
deliver solutions to tank 11F03. There is no change in tanks 09F23 or 09n1 and no indication of 
an attempt to bypass the accountancy measurement. A curious observation is noted in the feed 
tank, however. Recall that Sect. 7.1 presented an analysis of feed rates and discovered a bypass 
around the solvent extraction system. With the bypass, the nominal feed rate is about 2 L/min. 
There is normally a volume change in tank 1 IF03 of about 8 L in a 4-min data set. Between 0435 
and 04:38, there was a change of 27.4 L. During the next interval, the change is 27.1, Between 
04:42 and 04:46, Lhe change is again normal at 7.8 L. 

The next logical step is for the inspector to pull the SeROL program from his tool bag and 
select the acid and water add system for closer examination (making selection 8 as shown in 
Fig. 6.13 and described in Sect. 6.29). e data for the time period in question are shown in 
Fig. 7.9. In the facility, acid and water additions are measured by integrating flowmeters, the 
output of which is shown under m l w m  9W29 and LQ9OF17 in Fig. 7.9. We observe the 
water addition for adjuslment at 04:38 and 35. The output horn the flowmeter, the integrated 
flow, increases to 3 and stays. This particular instrument has a maximum of 3000. At that 
point the integrator needs to be marmually reset, in effect, the flowmeter became inoperative at 
84:35. 

Volume measurements for h e  recovered water tank (9OF17) are also among the data shown 
in Fig. 7.9. The water tank feeds many systems in addition to feed adjustment needs. There are 
continuous volume changes. The normal volume change is about 15 L. There are significantly 
larger volume changes during the periods between 4:31 and 4:38. These compond to the water 
additions to tank 11F03, but are not indicated in the MONITR analysis because of the failure of 
the flowmeter instrument. 

The actual differences can be compukd. However, it is resolved that the flowmeter has 
failed to indicate the addition. The inspector now knows the reason for the unexplained increase, 
but he has also found the problem of excessively large, unexplained decreases in the feed tank 
(llF01). There is no alarm In the MONITR program output to call attention to this particular 
problem. As noted at the start of this section, the ET facility safeguards system is developmental. 



Suacarr of  IEV PPOCCSS tank activities 
M f i r s t  line For 09l2l for OW23 for llF03 for liFOl fwd 
rn second lnne for 1WOl f o r  19F05 for 19F07 prod 
icix t iM t-level dens vol t-level dnnr, uol. t-level h s  vol t-level dens vol rate 

Read#! [$T&$e DIjF:P! 
--- ---_-_ ----I- -I---- I----- -----_ ------ _-____ _----- ---___ ___--- ---I-- _ _ _ _ _ _  

i134 started a t  11:34!20 on 12-15-87 

19 M:ll:O4 2.1528 1,5150 1366.2 0,0048 1.3981 0.0 1.6292 1.2868 1447.2 1,9395 1.2298 1744.0 0+3 
on 12-15-87 0.7309 1,2135 204.2 0.4634 1.3598 151.2 0.M)M) 1.4091 O b 0  0.0 
M 12-15-87 04:15:02 

20 04:15:02 2.1517 1,3728 1567.7 0.0056 1.3981 0.0 1#6308 1.2869 1448.5 1,9307 1.2288 1737.3 0.3 
w 12-15-87 0.7306 1.2123 204.4 0,4646 1,3626 151.9 O.oOo0 1.4041 0.0 0.2 

21 12-15-87 04:19:03 
o Areolntabilitr wrte t r m f e r  i n  progress - c w l a t i n  transferred i s  3 4 8  liters 

21 M:19:03 2.1526 1.3730 13Ml.l 0.0048 1,3981 0,O 1.6308 1,2869 1448.5 1.9229 1,2288 1730.1 O J  
an 12-15-87 0.7305 1,2114 294.5 0.4652 1.3600 151+7 0*0000 1.4041 0,O 0.0 

22 12-15-07 04:23:05 
0 h&t l i l i t r  u&e-tramfer i n  Pmdress - c w l a t i v c  trm5lerrt.d 15 113+6 l i t e r s  

22 04:23:1)5 2.1523 1,3741 1lh66.8 0.0071 143Wl 0.0 1.6293 1,2864 1447.6 1.9120 1.2266 1723.1 0.3 
M 12-15-87 0.79I’L 1,2092 205.0 0.4710 1,3644 153.1 0.0000 1,4041 0.0 0.3 

23 12-15-07 04:27:00 
tabalitr waste transfer i n  ~ ~ 1 9 ~ 5 5  - c w l a t i n  transferred 15 180.0 liters 

25 0 . ~ 7 : ~  2,1509 i m 5  1 3 6 4 ~  0,0071 1.3981 0.0 i m 2  1.2864 1ua.5 1.9004 i,zm i713,9 OJ 
1x1 12-15-87 0,7236 1,2043 203.8 0,4749 1,3664 154.2 0,0000 184041 O + O  0.3 

24 12-15-87 04:31:04 
o C p s r m t  addJureKnt t o  llFO37 inerear of 2,5r a c i d  and uater adds total 7,O ( d i l l  = 4.4) 
o kccwmtabilitr waste transfer i n  prosires5 - claulative transferred 1s 248,6 liters 

24 04:31:04 2.1517 1.3720 1368.5 0.0079 1.3981 0.0 1.6350 1.2864 1451.0 1,8943 1.2276 1705.2 0.3 
an 12-15-81 0,7336 1.2111 205#4 0.4776 1.3634 155.4 0,0000 1.4041 0,O 0.3 

n 12-15-87 0 4 : s : ~  
o Apment adJlEtWfd to llF03r increase o f  93,79 acid and uater adds total. 73.3 ( d i f f  = -20.4) 

25 04:W:Qo 2,1553 1.3726 1369.0 0,0079 1.3981 0,O 1.7246 1,2771 1544+7 1.8886 1.2766 1701.3 0.3 
M 12-15-87 0.7266 1,2082 203.9 0.4847 1,3714 156.9 0.0000 1.4041 0.0 0,4 

26 12-15-87 04:39:59 
26 0 ~ : 5 9  2.1517 i.3743 1366.2 0,0058 1.3981 o,o i m 9  1.2597 1655.7 1.8608 1.2276 103.9 0,3 

MI 12-15-87 0,1321 1.2071 205.7 0.4869 1,3671 158,l 0.0000 1.4041 0,O O b 3  

27 12-15-67 04:42:56 
27 04:42:56 2,1528 1,3731 13b8a1 0.0079 1,3981 0.0 1,8927 1,2455 1740.5 1.8290 1,2257 1646.8 0.3 
on 12-15-87 0!7227 1,ZOQI 203.2 0,5011 1.3682 162.6 0.0000 1.4041 0.0 1.1 

o hnexrlained increase of 84.8 liters i n  llF03 
28 12-15-87 @4:4b:S8 

28 04:46:SB 2.1524 1.3731 1367.9 0,0071 1.3981 0.0 1,8905 1,2426 174296 1.8244 la2283 1639.0 0.3 
on 12-15-87 0,7257 142041 ?04,4 0,5259 1.3766 169a7 0,0000 1,4041 0,O 1,8 

29 12-15-87 94:50:53 
29 04:500:53 2,1524 1.3728 1368+1 0,0079 1,3981 0.0 1,8905 1.2426 174?,6 1.8094 1.2249 1629t8 0,3 

12-15-87 0.7292 1,2049 205.2 0,5424 1.3711 175~8 0.OOQQ 1,4041 0,O l , 6  

30 12-15-87 04:54:’55 
30 0 4 5 4 3 5  2.1523 1,3741 1366.8 0.0071 1,3901 0,O 1,8908 1,2425 1743.1 1.8058 1,2271 1623.4 0,3 
cn 12-15-87 0.72P2 1,2023 205.7 0.5633 1.3818 181.5 0.0004 1.4041 0.0 1.3 

31 12-15-87 04:58:53 
31 a9:5833 2,1517 1,3717 136897 0,0079 1.3986 0 ,0  188900 1.2428 1741,8 1.7936 1,5261 1613.3 0,3 

MI 12-15-87 0,7321 1.2020 206,5 0.5825 1,3835 187.3 0.MOO 1,4041 0.0 1,s 

i% 8 34 0,O 224.6 94.6 1161,3 0.0 71.8 0.0 0.0 80,2 248,6 

oes not presently contain logic to compare solvent extraction fced flow 
indications to generate this alarm, but this is easily added. The inspector does get an alarm 
indication from the HEBAL routine shown in Fig. 7.10. As discussed in Sect. 7. I, every period in 
the HEBAL analysis in alarm because of the solvent extraction bypass activity. However, note the 
different magnitude of the calculated ID statistics shown in Fig. 7.10 for periods 33 and 34. The 
problems noted by the MONI’I’R mutine are in the time period 34. inswctor has confirmed 
the water addition measurement problem. There i s  now a strong indication of an actual removal 
from the feed tank (1 1F01). 
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RECYCLE ACID and WATER ADDITIONS 

90F29 (recycle acid)  90F17 frecrcle H20) 8cid flou water flou 
level level dens volume level volure FQ90F29 F90f17A L090F17 F90F173 

idx tire x m t  as/s liters L, liters 

on 12-15-87 at: 
--- -------- ----- ------ ----I- ------ ---I-- 

(Readin4 fro& f i l e  DU:E40rl00lISPO,CPY 
1 03:39:10 41a57 0,6983 1,3425 190116 2t0140 4562.1 
2 03:43:07 41+57 0,6995 1,3401 1905.3 119902 4506t4 
3 03:47:09 41156 0,7003 113382 1907,5 1,9928 451048 
4 03:51:04 41,53 0,6979 1,3418 1902+3 1,9946 4516sl 
5 03:55:04 41.50 0,6994 1,3374 1904,s 1,9873 4501.3 
6 03:59:# 41+51 0,6992 1,3387 190405 1,9792 4480v8 
7 04:03:00 41+51 0,6986 193398 1902t3 1,9719 446618 
8 04:07:06 41t50 096994 1,3382 190495 1,9639 445145 
9 04:11:04 41t52 0,6992 1,3392 1904+5 1,9580 9436.8 
10 04:15:02 41,5l 0,6995 1.3380 1900,l 1*9510 4420a7 
11 04:19:03 41.51 0,6997 1.3377 1906,O 1.9445 4409.0 
12 04:23:05 41.51 0,6992 1,3389 1904+5 1,9375 439211 
13 04:27:00 41651 0,6997 1,3375 1906tO 1,9316 4379.0 
14 04:31:04 41,46 0,6979 1,3396 1900t1 1,9206 4360t6 
15 #4:35:00 41t51 016983 1,3403 1901,6 1,8646 4234,6 
16 04:38:59 41~50 0,6994 113392 1904,5 1,8060 410742 
17 04:42:56 41650 0,6986 1,3395 1902,3 157661 4023.7 
18 04:46:58 41,s 0,6992 1,3385 1904+5 1,7584 4006+8 
19 04:50:53 41,47 0,6994 1,3372 1904,5 1,7525 399165 
20 04:54:55 41+46 0,6985 1,3382 190?,3 1,7448 397611 
21 04:58:53 41,52 0,5992 1,3390 1904.5 1,7361 3957,O 
22 05:02:53 41+52 0,6964 1,3406 1?01,6 1,7273 3936,s 
23 05:06:54 41+52 017005 1,3366 190882 It7177 391715 
24 05:10:49 41147 0,6988 1,3382 1903+1 1,7100 389?+9 
25 05:14:56 41,52 0,7001 1,3373 1906,7 i17009 3379,4 
26 a5:19:03 4 1 , ~  0,699~ 1,3348 19o6,o 1.6921 3 8 6 0 , ~  

29 O~:~O:SO 4 1 ~ 6  0.6984 1,3386 1901~6 1 . s ~ ~  3812.0 

27 05:22:51 41+47 0,6994 1,3370 190485 1,6833 3842.6 
28 05:26:54 41t45 0,6963 1,3385 1901+6 l+tr??l 38?8,1 

30 05:34:55 41945 0,6975 1,3398 189867 116610 379269 

1, 
I---- 

i134) 
389.70 
390 + 06 
390+06 
309 + 70 
389 + 70 
390 + 06 
390,06 
389 + 70 
388+70 
390106 
390 t 43 
390 + 06 
390 t 43 
389 , 70 
390 5 06 
389 6 70 
390 + 06 
389.70 

3a9 , 70 

389 1 70 
390106 

389+?0 
390943 
399 t 06 
389670 
389 $70 
390.06 
390 4 06 
3f0 t Ob 
390+06 

lhin 1, 
^---- ----I 

0,OO Z918+69 
O+OO 2918869 
O * O O  2919,06 
OF00 ?918+69 
0,OO 2919,06 
0400 2918+6$ 
0,OO 2919506 
0600 2919,42 
0400 2919,06 
0*00 2919579 
0,OO 2919+42 
0,OO 2918.69 
0'00 2919142 
Ot00 2927412 
O+OO 3000,OO 
3*00 300G+OO 
O+OO 3000,OO 
O i O O  3000*00 
O + O O  3000i00 
O I O G  3000,OO 
0,oo 3000100 
0.00 3000,OO 
0,OO 3000s00 
0600 3000'00 
otoo 3000.00 
0 t OS1 3500 e 00 
0100 300(1100 
0.00 3000~0~ 
a m  3000~0 
O*OO 3000+00 

Fig. 7.9. Confirmiltiion of instrument failure with SCRQL program. 

For additional canfirmation on the apparent removal, the inspector turns to the MINFLW 
program. This program has a number of options. In this case, the inspector uses the detailed data 
option (as discussed in Sect. 6.2.4). The output is shown in Fig. 7.11. The feed rate to solvent 
extraction, based on the depletion rate (dropout) in the feed tank, is show in the column labeled 
"dout Wmin." At 04:38 and 01:42, the rates are calculated at 6.87 and 6.86 W i n ,  respectively. In 
the summary for this period, the comparisons of the wheel measured flow to the HAW increases 
are typical (see Sect. 7.1). The comparison of dropout to HAW and dropout to wheel are not 
typical (see typical comparisons discussed in Sect, 7.1). This is the conhmation on the removal. 
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The operations personnel actually removed 35L from the feed tank during this period. 
Alarm mechanisms using comparisons of feed rate determinations are not included in the process 
monitoring routine MONTTR, so a specific alarm was not generated. An alarm for this removal 
was generated in the HIEBAL routine. With the continuous bypass and constant alarm status, this 
alarm was not readily apparent. The alarm on the removal was in combination with effects due to 
instrument problems as well. 

The purpose of this example is to show that process data always reflect process activities in 
some way. The problem is to identify the kinds of activities that should produce a l m s .  In this 
example, a simple test that compares the various solvent extraction flow determinations, included 
in the MONITR mutine, would have simplified the detection. This specific test was not a part of 
the routine. It can be easily implemented. Likewise, the LET testing has found that virtually any 
scenario, identified as concern, can be checked. it is a mamr of specifying the concern and 
identifying the m i n h m  data set needed to implement. 

9.6 FALSE ALARM INDICATIONS 
Next to intrusiveness, the false alarm rate is probably the biggest concern voiced in 

opposition to applications of process monitor for sakguards. During the demonstration, 
participants experienced a number of false alarm indications. Most false alarm indications are 
simply the result of "spikes" or "blips" in instrument signals that are characteristic of process 
control data. The causes ai-e not well understood, but resolution is very easy because the 
measurements return to normal in the next data set. Ideally, a well developed software system 
would resolve many of these internally without the alarm generation. 

Experience with the ET safeguards system, at the level of development that existed at the 
time of the demonstration, has shown a false alarm rate of about 2% for those type alarms that 
relak to process instrument characteristics. This 2% rate is in the MONlTR program alone, 
analyzing data that ase collected on a 4-min basis. There has not been enough experience to 
estimate a rate for unresolvable false alarms, using the broad range of tests and analysis routines. 
However, the examples presented in this chapter were chosen to show the interaction of a number 
of routines to explore the mlationships between measurements and process indications that can be 
used to give the sensitivity and false alarm capabilities desired. As an example, the alarms limit 
on static product storage tanks is 0.1% (expressed as a percent of Lank capacity) using process 
control inslruments and volume relationships that have stated uncertainties on the order of 1-5%. 
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8. ARTIFICIAL INTELLIGENCE IN SAFEGUARDS 

The demonstration and the examples of removal detection and alarm resolution presented in 
this report show the extent of the data base and the number of analysis methods that are needed to 
make safeguards process monitoring work. Along with intrusiveness and false alann concerns, 
there is a concern that inspectors in Lhe field, or even the plant operator's own safeguards 
personnel, will not have the expertise in analysis and knowledge of plant operations and 
measurement systems to effectively use process monitoring. 

Discussions during the demonstration and examples presented in this report try to show that 
there is a procedure that a person, familiar with process monitoring and the plant data involved, 
will follow in use of the various analysis methods. The MOMTR routine: is usually used as the 
basic process monitoring tool to give preliminary indications. In the E T  application, this program 
also calculates a number of parameters and expands the data base for use by a number of other 
routines such as mass flow balances, volume balances, and solution balances. There are certain 
indications from the NONITR routine that should lead the inspector to apply these other analysis 
routines. There is a generally effective hnerarchy for application of the process monitoring 
analyses bat  starts with the MONITR routine. Based upon results and alarm indications, other 
routines are invoked. It does, however, generally take a knowledge of the chemical process 
systems involved to make efficient use of the available software. 

Artificial intelligence is an emerging field of computer science that offers the opportunity 
for helping inexperienced personnel to have the benefit of the knowledge of experts in making 
decisions. The topic of artificial intelligence in safeguards is one of the more important topics to 
the future of process monitoring in safeguards. Expert systems, as a part of AI, are being 
developed as a method of capturing the howledge and experience of experts in logic within 
computer systems. This knowledge can usually be reduced to a complex set of rules that guide the 
decision pmcess. Expert system shells are now commercially available that offer flexible 
software that allows the expert to document and implement a Pule base to guide the decision 
process for others. Expert systems have k e n  successfully developed for medical diagnostics, 
computer system ordering. and even airline seating pricing activities. There are recent efforts to 
control plant operations with expert systems. The logic and decision structure that go into other 
successful expert system applications is similar to the uses that apply to process monitoring. 

With the power of small computer systems and the availability of commercial expert 
system software, it is easy to see an application for AI in safeguards. The inspector can be sent to 
a site with software developed by agency experts with access to facility information at 
headquarters. The expert system can guide the less experienced inspector thmugh the analysis. 

Artificial Intelligence applications that are at the forefront of the technology are 
experimenting with learning. Examples were shown during the demonstration where the pmcess 
monitoring routines were used to quantify instrument biases. Intelligence built into process 
monitoring routines and analysis expert systems can learn and monitor these biases. This may be 
the basis to improve NRTA data. 
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There have been some efforts in application of expert systems for safeguards. These have 
k e n  principally in the area of qualification of operator entered data based on expected values and 

to recognize safeguards significant evens such as batch transfers and instrument failures by 
analysis of process data. 'This eff0rt was described to participants as part of the discussion on AI. 
An effort is needed to apply these principles to the inspector's task of reviewing process 
msnitsaing data. AI can be used to help guide the inspector through the various analyses 
available. 

uality control checks. At ORNL, there has been an effort to use expert system lan 



9. PROCESS MONITORING FOR INTERNATIONAL SAFEGUARDS 

The initial phase of Task C.59, a literature search to summarize previous activities in the 
area of process monitoring for safeguards (reported in ISPO-255, ORNL/TM-1015), found a 
number of programs that accomplished various parts of a process monitoring application, None of 
these programs seemed to be complete. Furthermore, concepts of p m s s  monitoring for 
international safeguards continue to evolve with advancements in computer technology and 
availability. Opinions on possibilities and capabilities of process monitoring are often rooted in 
these past activities. 

The definition of process monitoring and the role it can play in future large-scale plants 
under international safeguards were active topics for discussion during the final sessions of the 
demonstration. 

9.1 DEFINITIONS OF PROCESS MONITOFUNG 
Data handling and process monitoring capabilities are improving with computer 

technology. Because this is a rapidly emerging technology, there is limited experience with these 
systems in operating reprocessing plants. Safeguards process monitoring is tied to the technology 
of computerized p m s s  control. Concepts for safeguards process monitoring are evolving with 
the advancement of commercial process control technology. 

Because of this evolution, a ConSensus on the definition of process monitoring is elusive. 
The ambiguity in definition was well reported in STR-235, "Current Status of Process Monitoring 
for IAEA Safeguards." This ambiguity and confusion was discussed as part of Task C.59. It is 
worthwhile to mmnsider the definition in view of currently available computer technology and 
capabilities and current activities in the area of process monitoring for safeguards. 

As a modem definition offe& during the demonstration, process monitoring for safeguards 
is the use of a broad range of process data and analysis tools to make timely and sensitive 
judgments on the location and movement of nuclear materials throughout the processing plant 
and to make timely and sensitive judgments on the status and performance of equipment and 
instruments used for nuclear material accounting measurements. 

In order to recognize the implications of such a broad definition, it is helpful to consider an 
evolution of the definition in safeguards. It is somewhat unfortunate that the words process 
monitoring were chosen to describe a safeguards program when the words also have a strong 
connotation in terms of plant control. A first step in defining safeguards process monitoring is to 
distinguish between the safeguards application and the mote conventional definition associated 
with operations monitoring and control. For the sake of this discussion, refer to the process 
application as operations monitoring and the safeguards application as safeguards process 
monitoring. 

Operations monitoring is a broad range of operational activities typically associated with 
operation of a process or manufacturing plant. Operations monitoring has traditionally been the 
responsibility of facility operators who use their knowledge and judgment to observe process 
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conditions and mn the plant In la safe aid efficient manner. As opzsatioras m o n ~ t o ~ ~ g  activities 
take advantage of modem computer md data p capabilities, the experience, judgment, 
and knowledge of operators are tmslated to aid control systems for better plant 
perfomanram. As these csntml systems are imp1 r n o ~  infomation and analysis routines 
becornc available for safeguards use (i.e.* safeguads pmcess monitoring). 

Capabilities for operatio s monitoring have evolved rapidly in recent years. As late as the 
of the 197Os, operation monitoring still involved operators watching strip charts in the control 

s mnsok filled control moms where many of the 
plant infomation is collected, digested, and organized for 

Safeguards process monitoring l m  evolved similarly. In the early stages of development 
(descajikd in IS%-255, OEOLRM- lO15), pmcess monitoring experiments involved selection 
md installation of instmerits and compukrs VASTEX). Simple computer systems collected 
data, anad analysis was usually limited to data plots. With availability of modem process control 
syskms, prswss rnonjtorimg now involves complex analysis routines and decision software, 
moving inm the fields of AI. 

With the: changing nakm of process control and infomation systems and the changing 

in STR-235 is not inappropriate. The b dcfmition in this report md in discussions during the 
demonstration tries to consider modem capaWties of process control systems as they can 
contiibute to ehe safeguards programs for modem plants. 

room. Operations an10 comrnerci;alily available s o f ~ a y ~  and hadware 
interfwd to plant 
operations activities are auto 
logical presentation to operati mel. 

process monitoring concepts that try to daese capabilities, the ambiguity of de f~ t ions  noted 

9 2  PROCESS w.I NITORING, THE ANGE OF TOOLS 

At several times during the discussions, participants agreed that process monitoring i s  a 
question explored during the discussions was whether it i s  valuable only to tlie 
r whether i t  can be adapted to the international sdegerards program. Process 

monitoring might besetter be described as a set of malalysis tools rather than a tool. 
Remember that safeguards process mo toring ha$ grown out of operations monitoring. The 

exw6enccd operator focuses his attention ow a few key ~ ~ ~ t ~ ~ ~ ~ t s  to control. specific operations. 
When he notices an 
broader see of instmamen& and infomation en co rm the operations anomdy, isolate the cause, 
and initiate corrective action. 

operator. Computer csntrsl systems continue the effort, using computer software to implement 
cotatml logic. The most modem systems are moving to All and expert systems h a t  contain a basic 
software capability to implement the complex decision logic that an exyeienwd operator uses. 
These latest systems analyze conditions and decide on implementation of lihe appropriate control 

Safeguards pmwss monitoring, in thc broadest context, is similar. There are a few useful 
overview routines. These indicate potential safeguards problems and a considerabk number of 
false dams. AI? effective sakgrsards approach uses a hierarchy of analysis routines to resolve 
fdse d m s ,  or to coifinn and isolate the problem. 

Safeguards has tmdi6onaUy involved calculation and atialysis of a single decision statistic, 
the materhl bdmGe (ID) statistic. There has been considerable research md a lot of experience 
with this single statistic analysis. Process InonitoI-ing, with a reliance on multiple tests and a 

mdy, his mind invokes hierarchy of analysis algorithms, involving a 

Thc earliest contml systems used simple hardware csrahkollers to emulate 

logic 
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hierarchy of decisions producing a rather fuzzy conclusion, is adverse to accepted principles of 
safeguards. There is an understandable reluctance to accept process monitoring as an international 
safeguards tool. 

There is a reluctance to accepl process monitoring as a tool for international safeguards 
because it does not use the traditional ID statistic. It does not lend itself to the traditional 
statistical analysis techniques applied to I1D calculations. It requires the broad range of tools and 
the ability to handle the fuzzy conclusions. Participants were given the opportunity to apply this 
broad range of tools to operations data generated during the E T  facility test runs. They 
experienced false alarms resulting from characteristic uncertainties and spurious signals inherent 
in process data They were exposed to resolution techniques involving the hierarchy of tests. This 
was done with a modem data acquisition system, not yet available in most plants throughout the 
world, appLied to a plant that is characteristic of an operating reprocessing facility. 

The IET facility safeguards system represents an effort to implement a total safeguards 
package applicable to an operating, next generation large-scale reprocessing plant. As such, it 
contains elements that go beyond those that might be appropriate for international safeguards 
applications. Some of the elements are directed at helping the facility operator implement a 
safeguards program in a cost effective and efficient manner. The goal of the demonstration was to 
introduce the participants to ttw capabilities that do exist and allow them the opportunity to 
anticipate a mle for perhaps a limited subset in international safeguards. 

9 3  THE RQLE OF PROCESS MONITORING FOR INTERNATIONAL SAFEGUARDS 
During the TaskC.59 demonstration, there was considerable discussion on the role of 

process monitoring and where it fits in the overall safeguards hierarchy, including operator, 
national, and international safeguards groups. There was a general consensus among participants 
in the demonstration that process monitoring should and would be adapted and serve a valuable 
mle in safeguards, but probably only for the operator. There were also discussions on whether 
process monitoring could be included in international safeguards. 

The two specific roles for process monitoring in international safeguards that were. 
discussed are event logging and mass flow balances. During the demonstration, adaptations of 
these and other process monitoring tools were available. They all Serve to detect anomalies 
indicative of loss or removal of very small quantities of materials. These tools can be directed at 
detection of specific Rmovd scenarios of concern to international safeguards. This was the mle 
of pmcess monitoring discussed. However, the majority of the discussion was directed more at 
whether these tools can be applied. 

Process monitoring for safeguards probably cannot fit within the current context of 
safeguards, which i s  essentially pencil and clipboard data handling with some subsequent 
computerized data processing. Along with concerns for verification, this is a part of the problem 
with acceptance. Process monitoring requires collection and analysis of huge quantities of data. 
Acceptance will sequire adjustments in the fundamentals of the safeguards approaches (Le., 
reliance on the ID statistic) and a significant increase in the use of computers for data collection 
and analysis. Availability of modern computer systems is a recent phenomenon. There is not a 
base of experience within IAEA and the safeguards community to have confidence in these data 
collection and analysis systems. These concern were expressed by participants. 

The lack of experience and confidence in the use of computers may be the cause of 
negative reactions when discussing the applicability of process monitoring. Two such reactions 
were that process monitoring is too intrusive and requires too much knowledge of plant 



o ~ r a ~ ~ o n s ,  Lmpcto~s will never have the depth of knowledge to make valid judgmcnts from the 
data and test results. These objections were often stated duping discussions on applications of 

ring too inmsive? It as noted that there are few, if my, secrets in 
sses, only slight v tions in flow sheet, The IAEA deals with 

rcpmmssing plant process design information. This is pmvided in the design information 
questionnaire as part of the negotiations for the subsidiary agreements for each facility under 

CERC/153 and implementing documents. NRTA involves much of the same 
minimum data set for process monitoring. Process monitoring only involves 

thus, automated data eo 
ing or pending (NR'FA) 

tion. Is process m o n ~ ~ ~ ~ n g  si 
rements? These issues we 

participants continued to express concerns over intrusions and the ability to verify the process 
monitoring data* 

being safeguarded today 
implemenxed to prepm inspectors for plant assignments, Plant coverage is already almost 100%. 
NRTA i s  king  considered for most plants and lends a new dimernsion to the expertise required of 
inspectors, Task C.59 investigators noted that process monitoring implies computers interfaced t 
plant meaureincnt and infomation systems. The engineering sciences of AI and e 
will reduce h-iowledge requirements. These new sciences compile the h o  
safepards expert and inwpra te  that knowledge in computer-based software 
inexpensive hardware is available that can be deployed in Ithe field. The ET system used in the 
~ ~ m ~ ~ s ~ a t ~ o ~ s  is a limited example of this capability. Cutrent computer systems can handle the 
expert system s o f t w a ~  and bring the expert capabilities to the aid of the on-site inspector. It was 
suggested that these capabilities could rasult in more expertise in the field for conventional 
accounting, md NRTA data collection, as well as process rnonitofing. 

'Tlhis part of the discussion concluded with pariicipants recognizing that they were able to 
use the installed safeguards system in the E T  facility with a minimum of training md 
involvement, They were able to make judgments about false and actual removals. 
However, they continued to express concerns about the ability of to train inspectors and 
deploy hardware and s ~ f t w m  in o rating plants within constraints of current IAEA operations. 

Is too much knowledge required? It was noted by participants that 
sent a problem for inspectops. Significant trai 



10. SUMMARY 

Computer-based process control systems are being used in virtually all modern plants, 
whether chemical processing or mechanical assembly, to provide timely information on the 
location and movement of material throughout the plant. This timely information on location and 
movement of materials is also the goal of an effective safeguards system for nuclear fuel handling 
facilities. This compatibility leads to the question of how p m s s  monitoring can play a role in 
safeguards in the future large-scale nuclear fuel reprocessing plants. 

The evolution of process monitoring in safeguards was presented in ISPO-255. Early 
efforts focused on selection and installation and testing of hardware. During these efforts, 
computer systems were very expensive, and equipment to interface to plant instnunentation was 
just becoming available. Computerized p m s s  control systems, with software and hardware 
easily adaptable to specific plants, later became commercially available. Efforts in tfie area of 
process monitoring expanded and began to foeus on specific tests and applications. ISPO-255 
presented a list of elements that must be considered for a process monitoring application to be 
fully developed. Few, if any, of these early efforts fully developed the concepts and requirements 
to implement process monitoring for safeguards. ISPO-275 was the second report prepared as part 
of Ta.skC.59. This document selected two specific p m s s  monitoring applications and 
developed all the requirements of a system to implement them. 

The find phase of TaskC.59 was to implement these and other process monitoring 
applications in the IET facility and demonstrate them to representatives of IAEA. This was done 
in December 1987. This document reported on the demonstration and results of tests. 

The dcmonstration involved operation of the ET facility. The facility is a hll-scdc 
reprocessing plant demonstration facility. It uses depleted uranium solutions to simulate feed 
material and includes prototypical processing systems and equipment. The process monitoring 
routines were used to detect a number of removals and other problems induced by the IET 
operating staff to simulate certain diversion scenarios identified in agency documents such as 
STR-140, "An Advanced Safeguards approach for a Model 200 T/A Reprocessing Facility," and 
STR- 152, "Nuclear Material Safeguards for Reprocessing Plants," as concerns for reprocessing 
planB. There was considerable success in detecting activities that are aimed at bypassing the 
accountancy tank with dissolver solutions. There was also success in identifying and isolating 
removals of material from the process. Participants also used process monitoring as an 
event-logging tool. The monitoring routines identify and automatically record batch transfers. 
This log of events can serve the inspector in a comparison to reported accountability transfers. 

In discussions early in the demonstration, IAEA participants expressed considerable 
skepticism for applicability of process monitoring in international safeguards. They expressed 
concern about intrusiveness and the ability of the agency and inspectors to handle the volumes of 
data. At the conclusion of the demonstration, a record of meeting was jointly prepared by the 
participants and O W  staff. This record (presented in Sect. 11) reflects the participants opinions 
at the conclusion. Skepticism remained, but IAEA participants generally felt that process 
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monitoring does have tential for application. Participants suggested that given orher priorities 
within IAEA, the priority of process monitoring research is probably low. They do not face the 
pmblem of safeguards in large reprocessing plants in the immediate future, and the applications 
for process monitoring are in these facilities. The record of meting reflected IAEA participants 
opinions on the future direction of msearch in process monitoring. They generally agreed that the 
research should not stop. 



If. RECORD OF MEETING 

As a final step, participants and the ET staff developed a record of meeting describing the 
general consensus as a conclusion of Task C.59. This record states the following: 

Process Monitoring is one of several advanced techniques being studied as candidates for 
enhancing the international safeguards in large-scale reprocessing plants. For the past 
several years, the U.S. Frogram of Technical Assistance to the International Atomic 
Energy Agency (IAEA) Safeguards has sponsored development of process monitoring at 
O'fzNL. The IAEA representatives met at OIWL December 14-16, 198'7 to review the 
status of this work. The computational tools developed by this task were demonstrated as 
part of a uranium NL in the integrated lEquipment Test GET) facility. 

The first day of the meeting included an introduction to the LET facility and a review of 
past process monitoring test mns and analysis. Fifteen computer programs were briefly described, 
demonstrated, and exercised. The second day consisted of a more detailed description and 
illustration of each computer code, with specific application to data cumntly being generated. 
Three mass removals during the ET demonstration run were detected utaizing these 
computational tools. The day ended with a round table discussion of the strengths and weaknesses 
of various safeguards methodologies: conventional methods, near-real-time accounting (NFtTA), 
and especially process monitoring. The third day continued with conducting hands-on testing to 
identify heavy metal removals from the previous night. The data concluded with a general 
discussion of how p m s s  monitoring might be applied with IAEA member states and future 
activities of Task C.59. 

The IAEA representatives agree that the process monitoring technique is not suitable for 
international safeguards inspections of whole facilities as it now exists. However, it may have 
limited applications around specific unit operations. Some present shortcomings are as follows: 

* Too much data are accessed in this version. Data requirements should be kept to a 
minimum (e.g., levellvolume, density/conmtration. etc.). Minimizing the amounts of data 
required will make it more likely that member nations will provide it. 

The computer programs identify to many operations activities that result in false alarms 
(e.g., instrument error). The inspectar ought to be able to manually crrrrect this data in order 
to smooth the time flow of information and to highlight actual material losses. Computer 
programs ought to be improved to aid the inspector in how to interpm and resolve alarms. 

The computer program should be as friendly as possible to the user by identifying problem 
solving patterns (e.g.? if this situation presents itself, then follow steps 1 then 2, etc.). 
Graphical displays would be useful. Finally, the computer program ought to provide a 
summary of all inconsistencies once appanmt false alarms are remaved. There are no 
resourms within IAEA to develop software. 
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The system sliodd be developed to take into account safeguards criteria. However, the 
development of such criteria (e.g., the timeliness of material balances) is input that must be 
pmvided by IAEA. 
Efforts must continue to establish ways of verifying the authenticity of data input to mass 

etor can have confidence 

The links and commonality be monitoring and conventi 
safeguards techniques md NRT 
unique capabilities of each de 
largescale plants 

akd. The bcst features and 
best capability for future 

These was some discussion that the data base obtained from E T  demonstration runs and 
the process monitoring computer codes for analyzing that data would be usem as a training tool 
for safeguands inspectors. These are easily trms rted to other locations. 

The role and resources of IAEA were discussed. The IAEA is an administrative and 
implementing organization with a budget that is not likely to incsease in the near tern, yet the 
demands for safeguards are increasing, At the pment time, too much of the inspector's time is 
spent in facilities, manually reviewing data. Computerization of data collection and evaluation 
must QCCW to increase the effectiveness and efficiency of the safeguards effort. Artificial 
intelligence and knowledge-based expert systems incorporated into advanced safeguards 
techniques, such as process monitoring, are ways to improve inspector effectiveness and 
efficiency. 

Xra summary, the IAEA repmentatives feel that as a result of this demonstration, the 
process monitoring technique shows sufficient potential to justify further development for 
specific a p p l ~ ~ a t ~ o ~ s .  However, the representatives call attention to the need to examine process 
monitoring in terms of relative priorities and limited resources. It is expected that these decisions 
will bc: made at the IAEA headquarters during early 1988. 



APPENDIX A 
AGENDA OF MEETING 

Topic Outline for Process Monitoring 
Demonstration ISPO Task C.59 

DAY 1-FACILITY AND COMPUTER FAMILIARIZATION 

1.1 E T  Layout and Facility Description 
1.2 Equipment Descriptions 
1.3 Instrument and Computer System Description 
1.4 Introduction to Computer Use 

DAY 2-PROCESS MONITORING DISCUSSIONS 

1.2 Process Monitoring and NTRA Descriptions 
2.2 Introduction to Analysis Routines 
2.3 Review of Previous Test Runs with Data Analysis Routines 
2.4 Test Removals in Progress in the E T  During the Day 

DAY 3-PROCESS MONITORING IN REMOVAL DETECTION 

3.1 Test for Previous Day Removals 
3.2 General Discussion on Process Monitoring and Applications for 

3.3 Develop Some Additional Test Procedures with IET Systems 
3.4 Artificial Intelligence Application in Safeguards 

International Safeguards 
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AGENDA TOPIC DESCRIPTIONS 

DAY 1.-FACILITY AND COMPUTER FAMILIARIZATION 

The first day will be devoted to discussions and presentations to familiarize 
participants with the IET facility, the processing equipment, instrumentation, and 
computer systems. 

1.1 IET Layout an Facility Description 

This will be a general discussion of history and purpose of the IET facility. This will 
include discussion on how the facility relates to a typical reprocessing plant in terms 
of equipment and flow sheet. 

1.2 Equipment Description 

A more detailed discussion on IET equipment and normal operating modes as they 
rclatc to safeguard process monitoring concerns will be presented. This will include 
details of measurement systems (dip-tube) in the IET that are typical of reprocessing 
plants. This section of the presentations will include a tour of the facility to provide 
attendees with the opportunity to see in-cell type equipment and installations typical 
of an operating plant. 

1 3  Instrument and Computer System Description 

'l%e IET facility is equipped with a modern, commercial computer control system. 
The computer system is interfaced to typical process instruments and control 
equipment. Participants will be introduced to principles of measurements (dip-tube 
systcrn), the instruments involved in measurements, and mechanisms for computer 
interpace as they relate to safeguards measurement concerns. 

1.4 Introduction to Computer Use 

During this session, participants will be given details on the use of the computer 
systems. The IET facility uses Digital PDP-11 series computers. Participants will be 
given accounts and passwords on the safeguards computer. This section of the 
demonstration will deal with logon procedures and general system coriceins to allow 
the participants to proceed with "hands-on" use of the IET safeguards system. 
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DAY 2-PROCESS MONITORING DISCUSSIONS 

The second day is devoted to specific discussions on process monitoring as a 
safeguards tool and the installed safeguards system in the LET facility. While discussions 
are in progress, the IET facility will be operating and the IET operations staff will make 
several removals of material. 

2.1 Process Monitoring and NRTA Descriptions-Introduction to Analysis 
Routines 

The specifics of the process monitoring application installed in the LET safeguards 
system will be discusscd. These discussions will include goals and sensitivities of 
the various tests and how they relate to the IET flow sheet. Relationships of process 
monitoring and NRTA will be discussed. 

2.2 Introduction to Analysis Routines 

All safeguards tests that use process data, whether process monitoring or NRTA, 
have to deal with spurious signal characteristics of these data and resulting false 
alarm indications. The IET safeguards system uses a series of data analysis and 
alarm resolution mulines to dcal with false alarm indications. These have been 
described as a "tool kit" for analysis of safeguards data. These tools will be 
discussed along with the role in relation to the process monitoring and NRTA tests. 

2.3 Review of Previous Test Runs with Data Analysis Routines 

Several test runs of the IET facility have been conducted ovcr the past few years. 
Some of these runs have included actual removals. Participants will be given the 
opportunity to "practice" with the safeguards system by review of these past runs. 
Specific examples of removals and "false alarms" will be demonstrated and 
discussed. 

2.4 Test Removals in Progress in the IET During the Day 

During the discussions on the second day, the IET operating staff will make several 
actual removals. They will be general guidelines for possible removals, but the 
specifics of the removals will not be known to the participants or the safeguards staff 
involved in thc demonstration. 
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DAY 3-PROCESS MONITORING IN REMOVAL DETECTION 

The final phase of the dcrnonstration allows participants the opportunity to use the 
system to detect removals. An opportunity is presented to discuss specifics of the IET 
system and possible role for this approach in international safeguards. 

3.1 Test for Previous Day Renriovals 

Participants will actually try to identify removals, quantify them, and isolate thc 
location. Participants will work in teams of 2 to 3, using computer terminals and 
installed software. Each team will summarize results and compare with other team. 
As a group, participants will develop a report and compare findings with actual 
removals which will bc reported b y  the operators group. 

3.2 General Discussions on Prcscsss Monitoring and Applications for International 
Safeguards 

This will be an opportunity for participants to discuss process moiieoring and its role 
in international safeguards, There arc many questions on applicability, minimum 
data requirements, and t?.x ability of regulatory agencies to deal with large quantitics 
of process data. This will be an opportunity for agency personnel, with the benefit of 
some fresh experierices in process monitoring applications, to exchange views. 

3.3 Develop Some Additional Test Procediires with IET Systems 

The IET facility is equipped with a modern, computerized process control system. A 
minimum set of available data is used in the installcd process monitoring routines. 
With the cxpcrienccs gained during the prcvious session, participants will discuss 
additional applications and uscs of the data acquisition capabilities to try to 
implement some new routines. 

3.4 Artificial lntelligence Applications in Safegirasds 

Participants will have been exposed to a large amount of data and a number of 
safeguards analysis routines. They will use a variety of safeguards data analysis 
routines to resolve alarms or confirm removals. The final session will expose thcm 
to some aspects of the expert systems area of artificial intelligence and explore the 
role of these advanced computer applications i n  safeguards. 
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