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Abstract

This paper describes the implementation of a safeguards Tank Monitoring System (TAMS) in
a Plutonium Conversion Plant (PCP). TAMS main objective is to provide the International Atomic
Energy Agency (IAEA) (the Agency) with continuous data for safeguards evaluation and review of
inventories and flows of plutonium solutions. It has been designed to monitor, in unattended mode,
the inventory of each tank and transactions of solutions between tanks, as well as to confirm the
absence of borrowing plutonium solutions from and to a neighboring reprocessing plant. The
instrumentation consists of one electronic scanner that collects pressure data from electromanometers
connected to the tank dip tubes, one uninterruptable power supply and one personal computer
operating in a Windows-NT environment. The pressure data transmitted to the acquisition system is
saved and converted to volume and density values, coupled with a graph capability to display events
in each tank at intervals of 15 seconds. The system operation has not only strengthened the
safeguards measures in PCP but also reduced inspection effort while minimizing intrusion to normal
plant activities and radiation exposure to personnel. TAMS is a powerful, reliable tool that has
significantly improved the effectiveness of safeguards implementation at PCP. The future combined
use of TAMS with remote monitoring (RM) will further enhance efficiency of the safeguards
measures at PCP.

1. INTRODUCTION

PCP is a mixed oxide (MOX) co-conversion facility that receives plutonium and uranium in
the form of nitrate solution produced from spent fuel of the domestic Light Water Reactors (LWR) at
a reprocessing plant. The facility uses a microwave heating direct denitration process to convert Pu-U
nitrate mixed solutions into MOX powder. The newly produced MOX is stored in canisters until it is
shipped to the MOX fuel fabrication plants for production of fast breeder reactor (FBR) fuel.

During normal plant operations, several shipments of plutonium nitrate solution are received
every year. The typical batch size of one shipment amounts to a few tens of kilograms of plutonium.

The IAEA applies to PCP a safeguards approach based on a 2 MBA structure. MBA1
includes the solution tanks and the process line where there are 2 parallel microwave heating
denitration apparatus followed by a calcination and reduction furnace, milling and sieving machine
[4]. The process produces MOX powder that is temporarily stored in intermediate canisters before
being blended on batch basis and filled into PCP cans. Up to 4 cans are put in a canister and

181



Reprocessing
Plant PI P2

W
PuReceiving and buffer

tanks

Furnace Milling & Sieving Bk nder

Epnrj-

Ul U2 P /Ul P/U 2

MOX Fuel
Fabrication
Hants

U Receiving tanks Pu/UMixmg and Dish MOX intermediate

M B A 1 buffer tanks storage

Oa&OftOOcH

MBA2

\m me mm'3 mm®

111

MOX storage

F/G. 7. F/ow of nuclear material at PCP

transferred to the MBA2, the MOX product storage. This storage area accommodates up to 81
canisters. Figure 1 above shows part of the fuel cycle and internal flow of nuclear material through
PCP.

In MBA1, at the front end of the process line, there are four equally shaped annular tanks for
plutonium nitrate and plutonium-uranyl nitrate solutions connected to each other by over-flow pots.
Each tank has a nominal liquid volume of 300 liter and a nominal liquid level of 1200 mm. Because
the plutonium nitrate is highly corrosive and radioactive, these tanks are located in two concrete
shielded cells. One cell encloses the plutonium nitrate accountability input tank (PI) and the
plutonium nitrate buffer tank (P2). The other cell contains the plutonium nitrate-uranyl-mixing tank
(P/U 1) and the plutonium nitrate-uranyl storage tank (P/U 2) which feeds the microwaves of the co-
conversion process line.

Until recently the Agency used a conventional accountancy method to verify the tank's
inventories. This method consisted of reading of the pressures, measured by the operator's
electromanometers, to determine the volume and the density of the liquid content within each tank.
Inspectors validated the tank data by the calibration of the electromanometer with Agency's standard
weights and took solution samples to determine the concentration and isotopic composition of the
nuclear material by partial or bias defect tests.

Although this verification was independent, its accuracy still rested on the operator's system.
In addition, the method required periodical, intrusive validation practices, which increased the
workload of the operator and inspectors [1 ].
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With a view to increase efficiency and effectiveneTs of the safeguards approach for PCP, the
Agency and the State System of Accountancy and Control (SSAC) opted to install and operate a
solution monitoring system. The use of process monitoring techniques most suited the goals to
improve safeguards capabilities.

2. TAMS CONCEPTUAL DESIGN

2.1 Objectives

The Agency defined the design objectives of TAMS taking into account the economic impact
of such system and, most importantly, its safety aspects. The design of the tank monitoring system
was based on the results obtained and on the experience gained in previous work on monitoring
solutions in accountancy tanks [2], and [3]. The objectives were as follows:

• To maintain continuity of knowledge of the nuclear material involved in transfers, flow
and inventory of solutions in tanks.

• To minimize inspector's and operator's workloads and efforts.
• To reduce intrusion into normal plant operation and
• To guarantee that the plant is operated as declared by the operator and no changes were

made on the design and operation procedures of the front end of PCP.

2.2 Requirements

To be effective, and in order to meet the above objectives, TAMS had to satisfy the following
requirements:

• overall system:
To complement the existing Agency safeguards measures.

• adequate coverage:
To monitor any volume change and be capable to independently measure the solution
volume and density at any time.

• sensitivity:
To be sufficiently sensitive to detect pressure changes beyond a preset trigger level

• reliability:
To be designed for high reliability so as to provide an overall high confidence level even
in case of power failure.

• tamper indication:
To be capable to indicate any attempts to alter the measurement parameters on hardware
or software.

• non-interference:
The system or its components should not interfere with normal operations of the facility.

• output data :
The output data obtained from the system, in conjunction with data from other sources
should enable the inspectors to determine at any time the volume and the density of the
plutonium solution in any tank of PCP.

• adaptability :
The system to be designed initially to collect data "in situ". And should also be suitable
to be adapted for remote monitoring operation at a later stage.

• availability:
All equipment and associated software should be of modular design and commercially
available.
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2.3 Project Milestones

The Agency invited engineering firms for competitive international bidding to provide
detailed specifications after defining the basic requirements of TAMS in June 1996. Award of
contract, based on best price and delivery time, was granted to Tsukasa Sokken Co.Ltd. in September
1996. The Agency approved engineering documents and specifications in November of that year
followed by system procurement in December. By April 1997, TAMS was installed and after
commissioning, the Agency tested TAMS in May 1997. The system was authorized for routine
safeguards use in July 1997 and since then has been operated successfully.

2.4 Description and components

Each of the four tanks containing plutonium solution at PCP is equipped with a set of three
dip-tubes of 1.2 cm in diameter. The shortest one called reference dip-tube or R, measures the
pressure above the solution surface. The deepest tube measures the pressure at the lowest possible
position in the tank and is referred to as the level dip-tube (major) or L. And the third dip-tube
located in an intermediate well determined position, normally 20 cm above the end of the level dip-
tube, is called the density dip-tube (minor) or D. The dip-tubes are continuously fed by a constant
airflow rate of 6-7 Nl/h for differential pressure measurement, and the bubbling frequency is about
two per three seconds.

The instrumentation piping for TAMS is connected with a Swagelok type T-piece to the
operator's transmitters piping followed by a valve system to enable isolation when needed. Isolation
of TAMS from the operator's system is required to perform maintenance without interfering normal
plant operations. The entire system, as illustrated in figure 2, is contained in four identical sensing

Operator system
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FIG.2. Schematic diagram of TAMS and its connection to the operator's system
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boxes, one acquisition cabinet and one temperature splitterbox. The Agency seals all these tamper-
proof boxes so as to keep continuity of knowledge on the hardware and setting parameters. Inspectors
can easily confirm the integrity of the system by visual checks on the components, piping and cables.

The basic elements of a sensing box are:

• Three high accuracy (better than 0.05% full-scale), capacitance type, pressure
sensors connected to the three dip-tubes of each tank. The differential
capacitance between the sensing diaphragm and the capacitor plates is a current,
which is directly proportional to the process pressure. [Sj

• Three current to voltage converters and
• Three digital voltmeters

A fiber optic cable connects each sensing box to the acquisition system through GP-FB
(General-Purpose Instrumentation Bus) boards.

The components of the acquisition cabinet are:

• One electronic scanner to collect pressure data in sequence for each measurement
point.

• One personal computer operating in Windows NT environment coupled with a
color monitor.

• One uninterruptable power supply.
• One interface; GP-IB board of 16 inputs and
• A software to run the acquisition system using Lab-VIEW language.

The temperature splitter box connects TAMS to the thermocouple emerged in each of the
four plutonium solution tanks to supply the system with the actual solution temperature (T).

2.5 Installation and Acceptance test

The Agency and the SSAC planned and executed the installation of TAMS so as to prevent
interference with operator's instruments. Therefore the Agency carried out acceptance and
authentication tests that included the major following activities:

• Documentation: Reviewed at the Agency and at site to meet IAEA requirements.
• Authentication and integrity: All components were visually checked including

piping, connections, cables, valves, sensors, converters, digital voltmeters and the whole
acquisition system in order to meet the specified tolerances and as built drawings
dimensions. Vulnerability of the hardware, software and cabinets were checked to
include tamper indication provisions.

• Functional tests: All input ports were checked by feeding constant air flow and
pressure values were read through digital voltmeters and acquisition system to satisfy the
following points:

• Independent confirmation of L, D, and R pressures and their sensitivities.
• Confirmation of minimum pressure change.
• Confirmation of system response.
• Confirmation of circulation effect on pressure value.
• Confirmation of periodical recording.

• Maintenance: Periodic preventive work to check performance of individual
components and to identify replaceable modules.

Figures 3,4 and 5 show TAMS major components as built and installed at PCP.
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FIG. 3. Inside of a sensor box FIG. 4. Sensor Boxes
cabinet

FIG. 5. Inside of acquisition

3. TAMS PERFORMANCE

3.1. Data collect

The system periodically scans the pressure signals from R (reference), L (major) and D
(minor) dip-tubes of each tank in intervals of 15 seconds. The reading frequency, as shown in figure
6, is set to be 3 times for R (1, 6, 11), 4 times for L (2, 4, 7, 9), and 4 times for D (3, 5, 8, 10)
followed by one time reading of the temperature T (12). The mean pressure values, R, L, D, and their
standard deviations are calculated and saved before starting to read from the next tank. Therefore, the
data acquisition frequency for each tank is once per minute.
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FIG.6. Collecting measurement data in one tank

3.2. Data save

The calculated mean value is compared with the previous value used as reference. If it is
within the preset trigger level it is not saved. If it falls outside the preset trigger level then it is
recorded in ASCII format file and starts to trigger a new reference value as shown in figure 7. When
there is no change in the reading values, the system filters the data and periodically records one data
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set every 10 minutes. The size of each data set which contains information on tank number, date,
time, R, L, D, STDs, T, density, level and volume, as tabulated in figure 8 below, is 90 bytes/15 s
saved in two different media; hard disk and magneto optical (MO) disk.

Trigger Level
Triggering

| O : Prwsni'e Metui

\(S) : Suve<l DuCtt

• •

One recording/10 min.

• •

< * ) • (§>•

TO T l T2 T3

Time

\T \ Ta

FIG. 7. Filtering and saving measurement data

Whenever the system is serviced, normally during interim inspections, the MO disk is
replaced and just after the first set of pressure data is collected, a new ASCII file is created in both
media to save newly acquired data until the next service.

Tank
N o .

1
2
3
4
1
2
3
4
1
2

Dace
HB/»D/?YYY

07/01/199
07/01/199
07/01/199
07/01/199
07/01/199
07/01/199
07/01/199
07/01/199
•7/01/199
07/01/199

Time
HH:M:SS

00:05:31
00:04:46
00:05:01
00:05:16
00:15:31
00:14:46
00:15:01
00:15:16
OO:2S:31
00:24:46

Rel.(Ave)
kPa

-0.6496
-0.6S07
-0.6539
-0.6481
-0.6515
-0.6488
-0.6532
-0.6480
-0.6491
-0.6490

Major (Ave)
W>a

1.0075
15.3171
11.7354
12.1294
1.0066
15.3189
11.73 68
12.1302
1.0077
15.3179

Sinor{Ave)
kPa

-0.1216
12.5599
8.9038
9.1842
- 0 . 1216
12.S623
8.9039
9.18S7
-0.1217
12.5625

Re*.(3TD)
kPa

0.0002
0.0005
0.0005
0.0010
0.0004
0.0002
0.0003
0.0005
0.0003
0.0004

Major(STD)
CTa

0.0008
0.0006
0.0018
0.0013
0.0005
0.0007
0.0006
0.0015
0.0009
0.0011

Hinor(STJ|
kPa

0.0001
0.0009
0.0010
0.0018
0.0001
0.0012
0.0006
0.0011
0.0001
0.0019

Temp.
deg.C

25.2
39.0
33.6
34.1
2S.1
38.8
33.6
34.2
25.2
38.9

Dens.
g/cm3

0. 6
1 . 4
1 . 5
1 . 5
0 . 6
1 . 4
1 . 5
1 . 5
0 . 6
1 . 4

Level
n »

289.4
1142. 6
861. 6
870.0
289.8
1142.9
361.3
870.2
289.2
1143.3

FIG.8. Tabulated data as saved in ASCII file

3.3. Data review

TAMS represents a significant advance in the capability of inspectors to quickly and
consistently make accurate volume determination for the control and accountability of plutonium
solutions at PCP. The MO disk is reviewed at the facility so as to evaluate all events that took place
since the previous inspection. The review package is a Lab-VIEW application, configured with
constants and calibration parameters to simultaneously display graphs of two tanks with a printing
option. Inspectors are capable to display the variation of any of the data set collected on mean
pressure values (kPa) of R, L, D and their standard deviations, on temperature (degree C) density
(g/cm3), level (mmH20) or volume (1) versus time. The system sensitivity is such so as to detect
change in pressure of one Pa while the overall system uncertainty is better than 0.5 %.
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FIG.9. Plotted data showing 3 circulations and 1 addition of nitric acid

FIG.IO. Addition of nitric acid reflected in volume and density {left) and circulation of I hour reflected in volume and
density (right).

Until now, TAMS has performed as expected in maintaining continuity of knowledge on
the PCP plutonium solutions. Equally important, it has shown a high sensitivity in detecting all
changes in pressure values that confirm the operator's declaration, i.e. circulation and transactions, or
events caused by natural phenomena such as evaporation. TAMS has provided the Agency a means to
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verify declared operations of plutonium solution and, concurrently has helped to assure the absence
of undeclared operations. Figure 9 shows the addition of nitric acid in one of the four tanks to
compensate for evaporation. The graph clearly shows when about 15 liters of acid were added on
September 11, at 10:00 hour. Figure 10 illustrates the detailed changes when that addition took place
and the circulation of the solution before sampling for verification.

4. CONCLUSIONS

The system provides, in unattended mode, a continuous record of all transactions of nuclear
material in the tanks. It has yielded substantial savings in inspection efforts while enhancing overall
safeguards implementation. TAMS is an easy to use, valuable instrument that assures the Agency that
plutonium solutions are adequately accounted for in a timely manner.

TAMS has been designed to be adapted for remote monitoring in the future. Data collected
and remotely transmitted will provide the Agency with real time knowledge of inventories and
transactions of plutonium solutions.

The determination of the Agency and SSAC and the cooperation from the operator brought
the TAMS project to a successful completion.
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