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ABSTRACT 

This paper describes how electronic identification 
devices or E-tags could reduce the time spent by 
IAEA inspectors making nondestructive assay (NDA) 
measurements. As one example, the use of E-tags 
with a high-level neutron coincidence counter 
(HLNC) is discussed in detail. Sections of the paper 
include inspection procedures, system description, 
software, and future plans. Mounting of E-tabs, 
modifications to the HLNC, and the use of tamper 
indicating devices are also discussed. The technology 
appears to have wide application to different types of 
nuclear facilities and inspections and could signifi- 
cantly change NDA inspection procedures. 

BACKGROUND 

Electronic identification devices or E-tags’ have 
proven to be useful for real time tracking of many 
kinds of items in inventory. For example, E-tags are 
used for the location and inventory of medical instru- 
ments in hospitals and are also used for tracking ship- 
ping pallets. In international safeguards, E-tags are 
being used to lower the cost associated with the instal- 
lation of surveillance cameras at nuclear facilities in 
Europe. 

Prior to the use of E-tags, the installation and 
removal of surveillance cameras in facilities under 
International Atomic Energy Agency (MEA) safe 
guards required the presence of an IAEA inspector to 
assure that the camera was installed in the proper loca- 
tion. This meant, in the case of countries under 
Euratom safeguards, that both an IAEA inspector and a 
Euratom inspector were present when cameras were 
installed or removed. 

The Aquila Technologies Group, working with the 
IAEA, developed an E-tag system that independently 
verifies the location of the surveillance camera in a 
nuclear facility during the entire time thecamerais 
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monitoring facility operations.’ This approach is now 
used at 30 facilities in the Euratom community and at 
12 reactor sites in -Sweden. As a result of this 
approach, the IAEA has been able to reduce IAEA 
inspector time in the field. 

The success of E-tags in camera surveillance led 
the IAEA to suggest that a similar approach might 
reduce IAEA inspection effort associated with nonde- 
structive assay (NDA) measurements used in materials 
accounting. We refer to this approach as E-tag Verifi- 
cation Of Semi-Automated NDA (EVOSAN). 

INSPECTION PROCEDURES FOR 
EVOSAN 

The inspection procedures for EVOSAN will vary 
slightly for different types of NDA measurements and 
for different types of items to be measured but will 
have many pmedures in common. In this paper, we 
have focused on measuring items containing pluto- 
nium by passive neutron coincidence counting with a 
neutron well-counter known as the high-level neutron 
coincidence counter (HLNC). With this assumption, 
the following inspection procedures could apply. 

An IAEA inspector and a Euratom (or state sys- 
tem) inspector randomly select items to be measured at 
a facility. Each item to be measured is placed in an 
anodized aluminum can that is approximately the size 
of the sample chamber in the HLNC, and the can is 
sealed with a tamper indicating device 0). Mounted 
to the bottom of each can is a unique E-tag that is 
connected to a monitoring device when the can is 
inserted in the HLNC. The IAEA inspector records 
each selected item’s identification number and the 
corresponding E-tag number, verifies that appropriate 
TIDs are in place (see System Description for details), 
and leaves the facility without performing any NDA 
measurements. An aluminum can must be available at 
the facility for each of the.items to be measured as well 
as for each HLNC calibration standard that is used. In 
this paper, we refer to these aluminum cans as E-cans. 

In the days following the selection of the items to 
be measured, Euratom or state inspectors perform 



HLNC measurements on each of the items and stan- 
dards sealed in E-cans. To perform these measure- 
ments, the inspector uses a semi-automated HLNC 
system that is protected from tampering with TIDs. 
The measurement cycle is automated, but the inspector 
must manually change the items to be m e a s d ,  Le., 
the inspector must remove a sealed E-can and replace it 
with another. For each Ecan measured, the inspector 
receives status information confirming that the HLNC 
and E-tag monitoring systems are working properly. 

At a later time, the IAEA inspector returns to the 
facility (in the company of the Euratom or state 
inspector), verifies that there has been no tampering 
with the seal on the electronics rack, then breaks the 
seal and retrieves the HLNC measurement data In 
addition, the IAEA inspector gathers E-tag data that 
connects each HLNC measurement with a specific E- 
can and therefore with a specific item. The IAEA 
inspector also verifies that there has been no tampering 
with the NDA instrument and the E-cans. The facility 
operator is then lire to break the seals on the Ecans 
and remove the items that were assayed. The Ecans 
can be stored and reused. 

Compared with the application of E-tags to sur- 
veillance cameras, the procedure outlined above is more 
complex. The pivotal question is can this EVOSAN 
approach be implemented in a manner that saves IAEA 
inspection costs? To answer this question, Aquila, 
Los Alamos, and the IAEA have designed a demonstra- 
tion system. 

SYSTEM DESCRIPTION 

Figure 1 shows more details of the system pro- 
posed for HLNC measurements. A sealed electronics 
rack contains the shift register electronics used with the 
HLNC, a computer that controls and receives data from 
the shift register, and a microprocessor (the ARR or 
Aquila Remote Recorder) that continuously interro- 
gates the E-tag on the Ecan being measured. The 
measurement status indicator could be a set of status 
lights, a printer, or a computer monitor screen. 

The HLNC detector shown in Fig. 1 has four 
modifications, compared with a standard HLNC. 

A connector for reading an E-tag has been 
mounted at the bottom of the HLNC 
chamber. 

A switch has been mounted at the top of the 
HLNC that closes only when the top end plug 
is completely inserted. 

A TID has been placed over all cable connec- 
tors on the HLNC detector so that the cables 

cannot be moved from the detector without 
breaking a seal. (Connectors on the other end 
of each cable are within the sealed electronics 
rack.) 

The electronics mounted in the top of the 
HLNC detector is protected with TIDs. 

Figure 2 shows a possible design for an Eean. 
The outside container is made of thin aluminum, 
which has a minimal effect on neutron measurements. 
Aluminum spacers are used to position the nuclear 
material in the center of the Ecan. Mounted to the 
bottom of the container is an E-tag that is press-fit 
from the inside of the container, so that it cannot be 
exchanged without tamper indication. The top of the 
container must be designed such that 

The top fastens securely to the can, allowing 
the can’s contents to be safely lifted by a han- 
dle mounted to the top of the can. 

The top of the can be sealed in place with a 
metal TID, so that the item cannot be 
removed from the can without breaking the 
TID. 

SOFTWARE 

Software for semi-automated HLNC measurements 
will be essentially identical to the DOS-based Collect 
program developed for unattended monitoring by Los 
Alamos and used by the M A  in Japanese facilities, 
such as PFPF.3 This program runs continuously and 
is capable of making an HLNC measurement every 
60 s. Both longer and shorter measurement time 
intervals are also possible. Measurements on an item 
will be repeated until the inspector removes the item 
from the HLNC detector. Based on declared plutonium 
mass values for each item, the inspector allows a 
sufficient number of 60-s measurements to obtain the 
desired statistical precision. The measurement status 
indicator (Fig.1) can be programmed to prompt the 
inspector when it is time to change the sample. For 
each measurement, the computer records a set of num- 
bers corresponding to the entries on the left side of 
Table I. 

The ARR microprocessor is used to read the iden- 
tification number of the E-tag on the E-can in the 
HLNC and to verify that the same E-can remains in the 
HLNC throughout a 60-s measurement. A similar 
ARR microprocessor, or the same one, can be used to 
verify that the top end plug of the HLNC detector is in 
place throughout the HLNC measurement. Data from 
the ARR microprocessor(s) is shown on the right side 
of Table I. HLNC measurement data can be dkcaded 
(and should not be used in the analysis) if either 
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no E-tag identification number is llecorded (no 
E-can is in the HLNC detector), or 

the same E-tag is not connected during the 
entire 60-s measurement, or 

the top end plug is not inserted into the detec- 
tor during the entire 60-s measurement 

Table I. Data Stored in Sealed Electronics 
Cabinet for Each 60-s HLNC 
Measurement 

time time 
count time interval, E-tag identification 
60 s number 
totals count rate E-tag connected during 

entire 60-s count time? , 

Top end plug in place dur- real + accidental count 
rate ing entire 60-s count 

I accidental count rate I 1 

All of the data described in Table I should be put 
into a common data base with common timing. Data 
review and data analysis can then be performed “off- 
line” at IAEA headquarters. The Review software 
program developed by Los Alamos will be modified for 
this application so that it can display both HLNC and 
ARR data. The IAEA’s HLNC data analysis code can 
be used without change for determining grams of plu- 
tonium contained in each item. In unattended moni- 
toring applications, Los Alamos and IAEA practice has 
been not to perform data review and data analysis as 
part of the data collection process. This approach, 
which is recommended here, has evolved from expen- 
ence in order to make automated data collection more 
robust. 

FUTURE PLANS 

Short-term plans are to put together a demonstra- 
tion system of the type described for test and evalua- 
tion. The initial test will not involve a common data 
base for both the HLNC and ARR data. If these tests 
prove promising, a common data base can be devel- 
oped. 

other neutron measurements and to gamma-ray meas- 
urements without much change. We plan to study the 
application of EVOSAN to pressurized water reactor 
fuel assembly measurements and to gamma-ray iso- 
topics measurements in the near future. The answer to 
the question of whether or not EVOSAN will save 
IAEA inspector time and money depends on economy 
of scale. In facilities where the IAEA needs many 
NDA measurements, the approach appears to have 
promise. 

EVOSAN can also provide a practical way for the 
IAEA to use NDA methods requiring longer measure- 
ment times-such as calorimetry. 

EVOSAN could be applied in different types of 
facilities, including mixed oxide and low enriched 
uranium fuel fabrication plants and could be used for 
physical inventory, interim verification, and shipments 
and receipts. In some cases, it may be desirable to 
augment the EVOSAN techniques described here with a 
surveillance camera that monitors the NDA measure- 
ments. 
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Preliminary considerations suggest that the 
EVOSAN techniques discussed here can be applied to 


