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Idaho National Laboratory, 2525 N. Fremont Avenue, Idaho Falls, Idaho 83415

ABSTRACT

For over 40 years Idaho National Laboratory (INL) and its predecessor organizations have maintained and
operated the Zero-Power Physics Reactor (ZPPR) as a test bed for studying reactor physics and nuclear reactor
design. Although ZPPR is no longer operated as an active research reactor, its infrastructure (radiation shielding,
safety systems, physical safeguards) and special nuclear material (SNM) inventory (variably enriched uranium and
plutonium fuels available in metallic, oxide, alloy, and other forms) still make the facility a unique national resource
for research and development activities involving the use of SNM. Recently INL has utilized this resource to serve
as a test and evaluation facility for active interrogation research and development. This facility is currently hosting
scoping experiments using neutron and x-ray radiation sources to characterize SNM active interrogation signatures
and to develop tools and techniques to detect and identify shielded SNM. This paper presents an overview of the
facility’s infrastructure and assets and describes recent active interrogation experiments that have taken place using

high-energy x-ray sources and compact electronic neutron generators.
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Introduction

The zero-power physics reactor (ZPPR, previously called the zero-power plutonium reactor) at Idaho
National Laboratory (INL) was built in the late 1960’s to provide researchers with a test-bed for evaluating reactor
core design concepts and for benchmarking analytical reactor physics models and radiation transport simulation
tools.[1,2] The reactor is a split-table-type critical facility comprised of two vertical walls opposing one another
that contain small storage slots roughly 0.05 mx 0.05 m x 1.2 m (2 in x 2 in x 48 in) to hold material and fuel
samples in a regular, square array of 4.27 m x 4.27 m. Today the reactor has been defueled and is no longer in use
but its infrastructure and support facilities are still in operation and available. Most notably, research staff working
at INL have the opportunity to access and use materials from the ZPPR fissile material storage vault. Access to
special nuclear material (SNM) has become a challenge for research scientist in the United States and throughout the
world over the past ten years as a result of activities trying to improve the physical safeguards and security of these
materials. Notable examples include consolidations and material removal efforts at several U.S. national
laboratories including Los Alamos National Laboratory, Lawrence Livermore National Laboratory, and Sandia
National Laboratories. Of course, access to SNM in the academic and commercial sectors has always been difficult
and current trends have further diminished capabilities in these areas as well.

At some time in the future excess SNM at ZPPR will also be removed for consolidation. However, since
INL's core mission in the area of nuclear energy research and development requires access to plutonium and
uranium to support advanced fuel cycle research and development, there is a level of burden sharing possible
between the ZPPR-type storage activities and the storage activities needed for materials used in nuclear fuel
development. Also, in order to support INL nuclear nonproliferation and safeguards research there is a
programmatic mission need to retain access to reasonable quantities of these materials for non-fuel based work.
Therefore, INL has decided to maintain SNM accessibility for research as a key capability into the future. Because
of this accessibility INL is in a unique position to be able to support test and evaluation activities for INL staff
working with bulk fissile material for instrumentation and system development. Since none of the materials in the
INL ZPPR inventory are classified in shape or composition it is also possible for the Laboratory to host outside
visitors that do not hold DOE security clearances, including individuals from universities and private industry,

including foreign nationals.
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This paper briefly describes salient features of the ZPPR facility and some of its unique material resources,
followed by descriptions of some types of security-related research, development, and demonstration activities
underway at INL and planned for the future. As a test and evaluation facility INL and ZPPR are ideally suited to
support national laboratory, commercial, and academic investigators interested in exploring passive and active
interrogation methods and instrumentation focusing on the problem of detecting, identifying, and characterizing
fissionable material. The capability is complementary to larger-scale national nuclear material testing resources
because of its flexibility and suitability for small-scale exploratory work, serving as an intermediate sand-box
environment between prototype laboratory-scale development at individual institutions and full-scale, high-visibility

advanced technology demonstration tests at the Nevada Test Site.[3]

Facilities and Materials

The ZPPR facility is located in INL's Materials and Fuels Complex (MFC), which was previously Argonne
National Laboratory - West. It contains several test and evaluation work spaces within its security perimeter where
SNM can be accessed including a workroom, the ZPPR reactor hall, and an outside area within the security
perimeter. The workroom is square in layout measuring roughly 12.2 m x 12.2 m (40 ft x 40 ft) in size. It has
reinforced concrete walls and floors and a concrete ceiling with a thick earthen overpack. The room is well-suited
for active interrogation measurements using x-rays or neutrons. The room also contains fissile material handling
hoods where ZPRP fuel materials can be handled and arranged into storage containers, shipping containers, or
specialized containers depending upon test objective requirements. The neutron background radiation level in the
workroom is elevated above natural levels found in the area by about 5 — 10 X due to the presence of SNM in
storage at the site. One interesting attribute of this elevated background is that it may prove useful for
instrumentation development and training exercises by imitating the elevated neutron background found at sea due
to the "ship effect," providing a flexible laboratory environment to investigate "at sea" scenarios while
ashore.[4,5,6]

The ZPPR reactor hall is a 15.2 m (50 ft) diameter circular room with reinforced concrete walls and floors
and an earthen overpack ceiling. The reactor room is the most heavily shielded of the three test areas at ZPPR and
ideally suited for high-radiation active interrogation testing using both neutron and x-rays. The outside test area at

ZPPR is greater than 200 m” and can accommodate large-sized objects including sea-land cargo containers. No
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personnel are present to the East of the facility for several miles and test operations using high-energy
bremsstrahlung interrogation sources could be used in this area when directed in that direction, or in other
configurations when used in conjunction with a shield backstop.

Typical passive screening experiments at ZPPR involve the research team accompanied by support
personnel including 2 fissile materials handlers, a facility work supervisor, a health physics technician, an INL
subject matter expert - experiment coordinator (when supporting non-INL research), and protective force personnel.
Research equipment can be driven up to the facility for unloading at the ZPPR security area entrance and stored for
a short period of time before and after experiments; wireless communications equipment is not permitted in the
facility. Active interrogation experiments are performed with a similar complement of personnel but additional
health physics support is required for first-day testing with new radiation generation devices to determine and
document radiation safety boundaries. Facility users must develop an experimental test plan and submit it for
review and approval prior to being granted permission to conduct work in the facility.

Research activities using SNM at ZPPR are generally limited to a maximum of 18 kg of **°U or 5.4 kg of
9Py and **'Pu. Mixed combinations of uranium and plutonium are also allowed. A partial listing of materials
available for use at ZPPR is provided in Table 1. Depleted uranium, natural uranium, enriched uranium, plutonium,
and uranium-plutonium mixtures are available in different matrix forms including pure metals, metal mixtures with
Al and Mo, and oxides. For metal samples most items are available as thin plates on the order of 0.003 m x 0.05 m
x 0.05 m (1/8 in x 2 in x 2 in) with some plates larger and smaller than this. Oxide samples are presented as rods
with a diameter of 0.01 m (3/8 in) and lengths of 0.08 m to 0.16 m (3 in to 6 in).In all cases the materials are
enclosed in thin-walled stainless steel claddings to prevent oxidation, damage, and contamination. Samples of

uranium-233, neptunium-237, and thorium, as well as nonnuclear materials, are available also.

Test and Evaluation Activities

Recent passive screening work at ZPPR has included evaluation testing of personnel portal monitors,
radiation survey instrumentation, and automated radiation identification instruments and algorithms. Also, as a part
of this work the stand-off sensitivity and responsiveness of advanced SNM sensors has been evaluated under a
variety of conditions. Within the ZPPR buildings, stand-off distances of greater than 20 m can be accommodated.

Outside the building, much longer distances can be accommodated by placing materials inside the secure area and
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positioning detection instrumentation beyond the perimeter security fence. Experimental set-ups may also be placed
in the facility for long overnight periods to evaluate low signal intensity scenarios characteristic of the long-dwell in-
transit detection concept.

X-ray radiography measurements have been conducted inside the ZPPR workroom using 6 MeV
bremsstrahlung to evaluate instrumentation and techniques for analyzing bare and shielded uranium and plutonium
metal assemblies. For this work the local dose rates near the accelerator x-ray source were greater than 0.01 Gy (1
R) per min. To ensure personnel safety an operator control station was set-up on a table in an area adjacent to the
workroom protected by heavy radiation shield doors (doors originally designed for personnel protection during
ZPPR reactor operations). In addition to research activities the facility can also accommodate large groups of
people and support instrumentation training and familiarization for passive and active interrogation. Active neutron
interrogation measurements have also been conducted at ZPPR using electronic neutron generators (ENGs)
producing 14.1 MeV neutrons. A photo of an experiment evaluating active neutron interrogation is shown in Figure
1. Although the radiation field generated by this device is much less than that from the 6 MeV x-ray source, ENG
control equipment a data acquisition system were again set-up in an area adjacent to the test location to maintain
occupational exposures as low as possible.[7] A representative neutron die-away signature seen during
interrogation measurements with a low-yield ENG using the set-up in the accompanying photograph is presented in
Figure 2. These measurements were performed in the workroom area, which explains the elevated system

background count rate in the > 2000 microsecond region when no fissionable material is present.

Summary

Facilities capable of supporting passive screening and active interrogation with special nuclear material
exist at Idaho National Laboratory's ZPPR which are now being used to support research and development and test
and evaluation work. These facilities include different work areas including a potential "at sea" simulator (ZPPR
workroom), a large and well shielded low-background room (ZPPR reactor hall), and an outside test area for large-
scale system testing and long stand-off detection investigations. Relevant quantities and types of special nuclear
material are also available at ZPPR to support this work including samples with various uranium enrichments,
samples with different grades of plutonium ranging from high quality *’Pu test objects to reactor grade plutonium,

and mixed uranium-plutonium samples, in both metal and oxide forms. Initial research at the facility has



INL/CON-08-14197

demonstrated the feasibility for conducting a variety of passive screening measurements and active measurement
using both 6 MeV x rays and electronic neutron generators. The facility regular hosts guests from throughout the
U.S. and abroad and collaborative research and test and evaluation opportunities are possible with other national

laboratories, academic institutions, and private industry.
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Table 1 Representative SNM material types available for test and evaluation work at ZPPR

Composition Composition Composition
(Wt% total U) (Wt% total Pu) (Wt% total U+Pu+Am)
Description Form | **U  #°U U  #*vU | #pu *Pu  *Pu  **'Pu  **’Pu U Pu  **'Am
Depleted Metal 0.22 99.78 100
Uranium 1y e 0.20 99.80 100
11;2211{11 Metal 0.70 99.30 100
Metal| 091 9324 044 541 100
Enriched Oxide 6.63 93.37 100
Uranium: ¢ 45 1637 83.63 100
Oxide 68.30 31.70 100
Metal 0.03 74.18 2233 2.85 0.61 98.23 1.77
Plutonium w/Al 9520 4.52 020 0.07 99.72 0.28
Metal 9529 454 0.18 99.79 021
w/ Mo
0.21 99.79 | 0.09 68.73 26.38 3.38 143 | 64.64 3461 0.75
N;e]:/?] 0.22 99.78 | 0.04 8724 11.58 099 0.15 | 70.67 29.16 0.18
Uranium W/ MO
& 0.23 99.77 90.83 8.66 0.51 7994 1998 0.08
Plutonium
0.22 99.78 | 0.07 6998 26.12 369 0.14 |82.02 17.80 0.19
Oxide
0.22 99.78 | 0.08 86.82 11.62 130 0.17 | 8502 1491 0.07
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Figure 1 An experiment at ZPPR using an electronic neutron generator and a moderated *He neutron
detector to interrogate 2.2 kg of highly enriched uranium (93.3% *°U)
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Figure 2 Representative active neutron interrogation signature using an electronic neutron generator ( 3.7 x
107 neutrons per second, 14.1 MeV, 300 Hz pulse rate) to interrogate 2.2 kg of HEU for 500 seconds;
calculation of the net signal difference was started at 700 microseconds, the neutron pulse ended at 333

microseconds
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