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Increasing use is being made of nondestructive assay instruments
for identification and measurements of nuclear materials. Important
advantages of NDA are: timeliness, portability, and ease of use.
Recent developments in computer systems and NDA allow for the inte-
gration of sample planning, control of NDA, and data analysis into
one transportable system. This session acquaints the course parti-
cipants with the use of mobile NDA safeguards measurement systems.
This session considers the practical problems and the type of re-
sults that can be expected from field use of NDA instruments. An
existing mobile safeguads system will be used to demonstrate some of
the differences between field and laboratory conditions.

After the session, participants will be able to:

1. cite the advantages and disadvantages of a mobile NDA safeguards
measurement system,

2. identify principle NDA instruments most applicable for use in a
mobile system,

3. identify select.ed modifications to NDA instruments for field use.
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I. DEMONSTRATION OF A MOBILE NDA SAFEGUARDS MEASUREMENT SYSTEM

A. Introduction

This lecture will briefly discuss using a mobile nondestructive
assay (NDA) safeguards system. The lecture will cover some of the
advantages and disadvantages of a mobile NDA safeguards system, the
principal NDA instruments most applicable for use in a mobile system,
and some of the modifications to the NDA instruments needed for field
use. After the lecture a demonstration of an existing mobile NDA
system will be conducted in the parking lot outside. Figure 1 shows
a schematic of the mobile NDA safeguards system that will be used in
the demonstration.

Important advantages of NDA systems are timeliness, portability,
and ease of use. At the Los Alamos Scientific Laboratory, you
already received instruction in the use, selection, and operation of
NDA instruments for various nuclear material measurement problems.
In general those discussions were directed at in-plant uses. Here
at the Pacific Northwest Laboratory we have assembled and have been
using a mobile NDA safeguards system. This system is used primarily
at PNL to perform measurements for materials accounting. The system
has also been used by the U.S. Department of Energy and the U.S.
Nuclear Regulatory Commission at other sites to perform inventory
verification measurements as part of the inspection process. This
system has many characteristics that are similar to other mobile sys-
tems that have been developed.(1~7)

The need for a mobile NDA safeguards system exists both for the
inspection process of national and international agencies, and for
the purposes of performing measurements for material control and
accounting at a facility. In an inspection situation it is not prac-
tical for the inspection team to have separate equipment at each
facility because of the limited amount of use and because most of the
calibration and measurement control experiments will be performed at
the Headquarters office. Also, by using the same NDA instruments at
each facility, the results may be tested for measurement control and
bias between facilities. In a large research complex it is not prac-
tical to permanently locate such NDA measurement equipment wherever
nuclear materials are being stored or used. Nuclear safety and safe-
guards considerations prohibit the extensive movement of nuclear
materials for measurements. Therefore, mobile NDA safeguards meas-
urement systems should be considered in the development of a nuclear
materials control and accounting system.
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B. Mobile NDA Safeguards Systems Concepts

Concepts for developing a mobile NDA safeguards system vary from
the small, compact, and portable units to those that approach the
capabilities of a central laboratory. Three basic concepts will be
discussed: 1) the suitcase approach, 2) the mobile equipment
approach, and 3) the mobile laboratory approach.

1. The Suitcase Approach. Recent developments in NDA instru-
ments, including the associated electronic and data processing units,
have made it possible to hand-carry some of the most important NDA
measurement systems. Instruments like the SNAP neutron detector,
small NaI(T&) or Ge gamma-ray detectors connected to simple readout
devices can be hand-carried and set up rapidly in remote locations
with a minimum of impact on current operations in the area where the
measurements are to be performed.

2. The Mobile Equipment Approach. This is a semiportable (via
a "cart") system where the neutron or gamma system is built into the
cart. Most NDA equipment, including the associated electronics and
data processing equipment, can be mounted on wheels. Recent develop-
ments in microcomputers allow fairly sophisticated equipment to be
packaged in portable units. An alternate to building the minicom-
puter into the cart would be to develop a telephone connection with
the computer at a remote location or to use a teletype and magnetic
tapes or disks to communicate with the computer.

This approach allows greater protection of the equipment than
the suitcase approach, with greater flexibility in the type of equip-
ment and data processing used. The cart could be transported to the
location in a medium sized vehicle or by packaging in a crate and
shipping with a commercial transport company.

3. The Mobile Laboratory Approach. The mobile laboratory
approach consists of developing a vehicle to contain the elements of
a small laboratory. This approach has greater flexibility than the
previous approaches. The primary advantage is that the complete
measurement task from planning to data evaluation may be performed
at the measurement site. This decreases the time required for assays
by reducing the time required to transfer nuclear material from stor-
age to the measurement area. Collimators, extra shielding, etc., are
part of each of the three systems, presenting certain difficulties in
the smaller units. Any NDA system should have a support system that
includes spare parts (fuses, cables, connectors), collimators,
shielding, and voltage regulators.

The specific approach taken here can vary from a modified cart
approach, where a vehicle is developed to handle several independent
carts, to one where an NDA laboratory is packaged on wheels. The
approach selected at PNL incorporates features selected from each of
these. The remainder of the discussion about the mobile laboratory
approach is directed to the system used at PNL.

The mobile safeguards system, shown in Figure 1, consists of a
specially constructed vehicle that contains electronic signal and
data processing equipment and carries portable radiation measurement
equipment. Before measurements are made the necessary detection
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equipment and a minicomputer terminal are moved from the vehicle to
the measurement station, which may be up to 70 m from the vehicle.
The detection equipment is connected via instrument cables to the
equipment mounted in the vehicle. The size and amount of equipment
that must be moved from the vehicle to the measurement station has
been minimized for each desired analysis.

The vehicle, pictured in Figures 2 and 3, was constructed on an
extensively modified two-ton truck chassis (10,000 kg gross vehicle
weight). An enclosure on the truck designed to our specifications
by a recreational vehicle manufacturer, houses most of the electronic
instrumentation in a fixed position and carries the detection equip-
ment along with the necessary cables. The enclosure has reinforced
steel frames and is open to the cab of the truck. The interior can
be separated by dust proof, accordion type doors to form three com-
partments: 1) a cab area, 2) a fixed electronic instrumentation and
office area, and 3) a storage area for equipment and detectors used
outside the vehicle. Built-in equipment includes shock-mounted
instrument racks, storage cabinets, and a desk. The vehicle is
equipped with both mechanical and hydraulic stabilizing and leveling
jacks. Instrument power, air conditioning, heating, and lighting can
be supplied from either two motor generators mounted on the vehicle,
or from external 220-V AC power. A hydraulically operated platform
outside the vehicle's large rear access doors moves equipment to and
from the ground.

All equipment used in the mobile system is commercially avail-
able. The equipment was modified at Pacific Northwest Laboratory to
minimize the instrumentation to be moved from the vehicle to the
measurement area and to provide for remote operation with up to 70 m
of cable between the vehicle and the measurement area. Figure 4 is
a block diagram of the NDA system. Various other configurations are
possible to suit specific measurement needs. Data storage and
retrieval programs have been developed for storage of both raw data
and assay results on disk files for future reference and recovery so
that measurements can be compared with the past data. The measure-
ment parameters associated with the system were evaluated in order
to reduce measurement time and the amount of equipment required to
be moved from the vehicle to the measurement site. These parameters
include the effect of counting time, the length of cables between
different parts of the system, the selection of components, and the
method of data analysis.

A minicomputer system in the vehicle is used to control data
acquisition, accumulate measurement results, perform real-time data
analysis, store results, and prepare reports. The system consists
of a PDP 11/05 minicomputer, two 1.2 million word disk units, CRT
terminals, a graphic CRT terminal, a hard copy data terminal, a high
speed printer-plotter, and interfaces for measurement equipment. Any
of the terminals can be operated remotely with 70 m of cable. The
computer and associated instrumention is shown in Figure 3.

The operating software system is a RK-05 disk-based RT-11 system
using FORTRAN and BASIC. Software packages have been assembled for a
variety of uses. These include specific programs for calibration and
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Figure 2. Mobile Safeguards Vehicle

Figure 3. Electronic and Computer Equipment Inside the Mobile
Safeguards Vehicle
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measurements with each detector system, programs for integrated veri-
fication and inspection operation, and data storage and retrieval
programs.

In the inspection mode, information concerning containers to be
verified can be- entered into the minicomputer system before the meas-
urements are taken by the inspection personnel. The computer then
instructs the inspector, via the terminal, on the analysis operation
required at the measurement site. The computer also: 1) controls
the weight, neutron, and gamma-ray measurement equipment, 2) acquires
the measurement data, 3) reduces the data to concentrations and iso-
topic ratios, 4) compares the measurement results with the data base
previously stored in the computer, 5) notifies the inspector via the
terminal of the results immediately after the measurement, 6) stores
the results, and 7) prepares data reports.

4. Principal NDA Instruments for Mobile Usage. All of the NDA
instruments that were demonstrated at the Los Alamos Scientific Lab-
oratory earlier in the course are suitable for use in a mobile sys-
tem. Many of the recent developments in NDA have been directed
toward making the equipment more portable. Therefore, most of the
current available NDA equipment can be used in mobile applications
without modification. Following are brief descriptions of the NDA
equipment in PNL's mobile safeguards system. These systems have been
described elsewhere in greater detail.(5-18) During the demonstra-
tion it is also useful to point out some of the differences between
equipment used here and that at Los Alamos.

• Passive Neutron Measurements. Two passive neutron systems
are included: a gross neutron counter with load cell and
turn table, and a neutron well coincidence counter with load
cell. These detectors are used for passive assay with total
neutron and fission neutron measurements. The load cells
are used to automatically record gross sample weight simul-
taneously with the passive neutron measurement.

Active Neutron Well Coincidence Counter. The neutron well
coincidence counter can be operated in the active mode for
measurement of uranium. The well counter is converted to
the active mode by the addition in the detection chamber of
two Am-Li neutron sources.

• Random Drivers. Two commercial random drivers were selected
for active and passive assay of fissile materials: a stan-
dard size random driver for assay of samples in the 250 ml
to 19 £ size range, and a larger unit for assay of material
in containers with volumes of up to 200 I. The random
drivers can be operated remotely under computer control.
The larger unit is operated in the vehicle.

• Gamma Ray Detectors. Four intrinsic germanium (Ge) detec-
tors were obtained for gamma-ray spectrometric measurements.
The detectors are normally operated with the detector bias
supply and linear amplifier close to the detector and up to
70 m of signal cable between the detector and the multichan-
nel analyzer, which is located in the vehicle. An initial
concern was the effect of having long signal cables between
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the high resolution Ge detectors and the multichannel
analyzer located in the vehicle. Measurements that were
made with several different cable lengths have shown that
only a slight resolution loss occurs when signal cables up
to 70 m long are used.

• Gamma Ray Spectrometric Systems. The vehicle contains two
multichannel analyzers (MCA) for gamma ray spectra accumula-
tion. Both are commercial 4096 channel, hard-wired analyzer
with cathode ray tube (CRT) display. Either the total spec-
trum or selected regions of the spectrum can be transferred
to the PDP-11 computer. The analyzer can be operated under
manual or computer control.

• Segmented Gamma Scan Assay System (SGSAS). The Ge detectors
and the MCA system can be used as part of the two segmented
gamma scan assay system. A commercial SGSAS was acquired
and modified to increase its portability. The analyzer and
computer are located in the vehicle and the detector and
scan table located at the measurement site. Transmission
sources are used for absorption corrections. A larger por-
table scan table system has been designed and built for
field applications requiring measurements of 200 H waste
drums. The large SGS uses a pipe, block, and turnbuckle
construction so the unit can be disassembled for movement
or storage.

• Calorimeter. Although a calorimeter is not included in this
demonstration, a portable calorimeter has been used in con-
junction with this mobile system.(19-20)

5. Modifications of NDA Equipment for Mobile Use. Most com-
mercially available NDA equipment could be mounted in a mobile lab-
oratory and used at remote locations _if_ the nuclear material can be
brought to the mobile laboratory. Such was the case for the large
random driver described previously. When this mode of operation is
not possible, most nonportable NDA equipment can be modified to make
it portable, e.g., segmenting, structural strengthening, and in some
cases weather proofing.

Most NDA instruments can be disassembled and individual parts
mounted on wheels or specially designed carts. Special alignment
pins and marks need to be added so the equipment can be reassembled
to the calibrated geometry. Increasing the structural strength
includes adding fasteners to hold electronic circuit board security,
and removing or building protective housing around any exposed elec-
tronics or mechanical equipment that could be damaged during ship-
ment. When the NDA equipment is connected to a mobile laboratory via
an umbilical cord, this cord needs to be weather proof and the con-
nectors must permit easy connection of the equipment. Pigtails
should be replaced with connectors.

C. Evaluating A Mobile NDA Safeguards Measurement System

Before proceeding with the development of a mobile NDA safe-
guards system, it would be necessary to evaluate the advantages and
disadvantages. Consideration 6f the numbers of locations containing
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nuclear material, the availability of laboratory space and equipment
at each location, and the practicality of moving equipment or nuclear
materials will determine the necessity and feasibility of a mobile
NDA safeguards system. The following is a short description of some
of the advantages and disadvantages of the mobile NDA approach.

1. Advantages of a Mobile NDA Approach. The primary advantage
of a mobile NDA safeguards system is that measurements and data eval-
uation may be performed where the nuclear material is located. This
reduces the amount of transferring of nuclear materials or the amount
of NDA instrumentation that is required. In cases where nuclear
materials would1 be"transferred for measurement, the use of a mobile
NDA allows much more timely measurement as it is generally easier to
move the NDA unit than the nuclear materials, especially where a
large number of items is involved.

A secondary advantage of the mobile NDA safeguards measurement
concept is that all measurements within a specific category can be
performed with the same instrument by the same measurement personnel.
This allows comparison of results for the same type of material
located at different places. Also to be considered is that in the
event of a contamination incident or special plant activities, the
NDA instrument is easily transferred and set up in another location
since the mobile NDA unit is self-contained. This is most effective
if the mobile system is used to supplement a central laboratory and
the mobile system is kept separate.

2. Disadvantages of a Mobile NDA Approach. The disadvantages
listed here are numerous but it should be noted immediately that none
are insurmountable and that not all of them apply to all the
approaches of a mobile NDA safeguards measurement system previously
described. Rather, these should be treated as a check list for con-
sideration when developing a system. Some of the disadvantages
listed be ">w have no easy solutions but fortunately they can be
treated as inconveniences that require greater patience and time to
set up the NDA equipment and perform a given set of measurements.

Past experience has shown that the most readily identifiable
disadvantage is the number of measurements that can be performed is
limited by the manual recording and analysis of the measurement data.
This is a significant problem in plutonium facilities where operator
exposures must be considered. This is solved by the development of
an automated measurement and data analysis system. The extent of
development of such an automated system should consider that it is
not always practical to return to perform replicate measurements.
By extending the analysis of the data, the operator could identify
all possible items that might require remeasurement. This package
should record all available data.

When moving the equipment into a location where the material is
present the operator must consider the possibility of contamination.
This danger is reduced if the amount of equipment moved with the NDA
instrument is reduced. In the case of the mobile system to be used
in the demonstration, this has been accomplished by mounting the
minicomputer and many of the electronics in the vehicle and connect-
ing them to the NDA instrument with umbilical cords. This can also
be accomplished by using a telephone connection from the NDA
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instrument to the data processing system. Some of the problems asso-
ciated with telephone links may be summarized as follows:

• Either the telephone line must be continuously tied up, a
call must be placed after each count, or a method must exist
for storing the raw data until the data can be transmitted.

• Telephone transmission rates are normally extremely slow.
Transmission of a 1000 channel GE(Li) spectrum of 24 bits
per channel at 10 cps is estimated to take about ten minutes
per spectrum. Using a 30 cps system would stil require
about three minutes. Faster transmission rates are possible
if a minicomputer, synchronous data transmission controller,
and high speed modem are used.

• If an extension telephone is picked up during transmission,
the system may be interrupted or some of the transmitted
data garbled.

• The equipment would be limited to locations where good phone
connections to a computer center are possible. During
extended data transmission intervals (several minutes), our
local experience has been that error rates are very high.

• If multidimensional spectra were to be transmitted, the vol-
ume of data would prohibit transmission over a telephone
line.

When a mobile NDA measurements system is used the operator has
less control over the background conditions. Factors to be con-
sidered include: background radiation, temperature variations,
humidity variations, acoustical vibration, and power fluctuations.
In general the effect of these factors is to increase the measurement
uncertainties.

As the NDA equipment does not always operate in a predetermined
place, there may not be a standard power supply. This may be handled
by the use of gasoline or diesel generators. However, the use of
generators is limited by the fuel supply. The PNL system is limited
to about 20 hours of operation. At some locations combustion engines
are not allowed. At other locations policy does not permit nuclear
materials where the vehicle could be located. In general there will
not be a routine place to set up the vehicle.

Environmental conditions present several problems when the mate-
rial is to be measured outside, as would be the case with waste
barrels. These include condensation on electrical connectors, acous-
tical effects from wind, and the effects of dust on mechanical
equipment.

Safeguards and safety present several problems. Continuous
operations of NDA in the vehicle are limited to the amount of nuclear
materials allowed in the vehicle. If the NDA is performed inside the
facility and the data is transmitted to a data processing system in
the vehicle via an umbilical cord, often the vehicle cannot be placed
close enough to the building or security prevents the cables from
running through a door without the presence of a guard.
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Another aspect to be considered in the development of a mobile
NDA safeguards system is the extent of security involved in placing
and removing the NDA equipment at a specific location. Guards may
be required to observe the operators at all times since they are not
normally members of the work force where the measurements are being
performed. In some areas the operator is not allowed to handle
nuclear materials, and normal area personnel are required to assist
the NDA operator.

The lack of standard reference materials for equipment calibra-
tion is also a disadvantage of a mobile NDA safeguards system. By
its nature a mobile NDA safeguards system will be used to measure a
wide variety of materials in many locations. It is not always prac-
tical to have individual standards for the different forms or types
of materials expected. With a mobile system it is not practical to
construct standards at the measurement site, and it may not be prac-
tical or even possible to carry nuclear materials in the vehicle that
could be used for standards.

D. Analysis of Costs

The cost of a mobile safeguards system is dependent on the con-
cepts used. The cost can be divided into capital and maintenance
components. The total cost of the PNL system was approximately
$250,000. this is broken down into $50,000 for the vehicle (which
includes power generators and the fire protection system), $175,000
for hardware (which includes NDA instruments and the computer sys-
tem) , and $25,000 for installation of the hardware. Typical mainten-
ance costs are divided into approximately $5,000 for a maintenance
contract on the computer system, $200 per year for the fire protec-
tion system, $500 per year for miscellaneous items, and $1,000 per-
year for replacement of gamma transmission and neutron interrogation
sources.
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