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ABSTRACT Sandia National Laboratories has initiated many joint research and development projects with 
the two premier Russian nuclear laboratories, VNIIEF and VNIITF, (historically known as Arzamas-16 and 
Chelyabinsk-70) in a wide spectrum of areas. One of the areas in which critical dialogue and technical 
exchange is continuing to take place is in the realm of system surety. Activities primarily include either safe- 
ty or security methodology development, processes, accident environment analyses and testing, accident data- 
bases, assessments, and product design. Furthermore, a continuing dialog has been established between the 
organizations with regard to developing a better understanding of how risk is perceived and analyzed in Russia 
versus that in the United States. The result of such efforts could reduce the risk of systems to incur accidents 
or incidents resulting in high consequences to the public. 
The purpose of this paper is to provide a current overview of the Sandia surety program and its various initia- 
tives with the Russian institutes, with an emphasis on the program scope and rationale. The historical scope 
of projects will be indicated. A few specific projects will be discussed, along with results to date. The exten- 
sion of the joint surety initiatives to other government and industry organizations will be described. This will 
include the current status of a joint SandiaNNIIEF initiative to establish an International Surety Center for 
Energy Intensive and High Consequence Systems and Infrastructures. 

INTRODUCTION 

The United States (US) and Russian Federation (RF) 
nuclear weapons complexes are necessarily interest- 
ed in the continuous reduction of risk associated with 
weapons and other systems that have the potential for 
accidents that theoretically result in consequences 
that could be enormous. The All-Russian Institute of 
Experimental Physics, VNIIEF, and the All-Russian 
Institute of Technical Physics, VNBTF, are two of the 
primary counterpgs to the US weapons national lab- 
oratories. It is of mutual benefit and interest for the 
US laboratories and RF institutes to cooperate in 
surety areas that have potential to reduce risk. 

Sandia National Laboratories (SNL) has had a 
technical surety exchange with the Russian institutes 
for the last four years. Surety is defined to include 
disciplines of safety, security, reliability, quality and 
use control. This paper focuses on safety initiatives. 
One such safety initiative is the sponsoring of 
research and development projects in such areas as 
methodology development. processes, accident envi- 
ronment analysis, testing, accident databases, assess- 
ments and design of devices. An overview with 
examples of specific safety projects is provided in 
this paper. 

This exchange has formed a basis for developing 
future collaboration between Sandia, the Russian 

institutes, other government agencies and industry, 
both American, Russian and international. One spe- 
cific initiative for future collaboration is the 
International Surety Center (ISC) which is also 
briefly discussed. 

INFORMATION ON THE INSTITUTES 

Since many people are not familiar with the nuclear 
weapons laboratories of the United States and Russia, 
a brief summary describing each institute is provided 
in the sections below. 

1. Sandia National Laboratories (SNL) 
Sandia National Laboratories is a United States 
Department of Energy (DOE) multi-program labora- 
tory operated by Sandia Corporation, a wholly- 
owned subsidiary of Lockheed Martin Corporation. 
Sandia originally was p u t  of Los Alamos National 
Laboratory until 1949, when President Truman asked 
AT&T Corporation to manage Sandia. Eventually, 
management of the laboratories was awarded to 
Martin Marietta Corporation(now Lockheed Martin). 
Los Alamos and Lawrence Livermore are the physics 
laboratories while Sandia is the engineering design 
laboratory. Sandia has two main facilities, one at 
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Albuquerque, New Mexico, and the other at 
Livermore, California. Test sites are located in 
Nevada and Hawaii. 

Sandia’s main responsibilities include providing 
engineering design for all non-nuclear components of 
American nuclear weapons, and is also responsible 
for maintaining the viability and safety of the 
American nuclear arsenal. In addition, Sandia is also 
involved in non-nuclear weapon research, such as 
robotics, microelectronics, nuclear reactors, compu- 
tational and information systems, engineered 
processes and materials, and engineering sciences. 

2. Arzamus-16 (VNIIEF) 
Arzamas-16, also known as the All-Russian Institute 
of Experimental Physics, was established in 1946 in 
the town of Sarov, Russia. Arzamas-16 was the first 
of the Russian Federal Nuclear Centers where the 
manufacture of the first Soviet nuclear weapon com- 
ponents and associated laboratory testing was done. 

Arzamas-16 is a complete nuclear weapon design 
organization involving the design of nuclear weapon 
charges and warheads, as well as various research 
and testing programs, including nuclear power safe- 
ty, disarmament and nonproliferation activities, and 
industrial technologies applications.[ 1,2] 

3. Chelyabinsk-70 (VNIITF) 
Chelyabinsk-70, also known as the All-Russian 
Institute of Technical Physics, is a Russian Federal 
Nuclear Center that was established in 1954. near 
Snezhinsk, Russia. In addition to having been 
involved in nuclear weapon develhpment work, 
Chelyabinsk-70 is currently pursiiin? rcsearch activi- 
ties such as the modeling of nuc!ear explosions and 
technology transfer [3]. 

THE SANDIA SAFETY PROGRAM 

1. Historical Sunintar>: 
Sandia, with the concurrence of the United States 
Department of E n q y  (DOE) and the Department of 
State, has established a Cooperative Measures 
Program (CMP). with the Former Soviet Union 
(FSU) and more ipcciiically with the RF. The CMP 
sponsors several surety initiatives, primarily in safe- 
ty and security. The CMP has both sponsored and 
participated in surety symposia jointly with the DOE 
and the other DOE national laboratories, Los Alamos 
National Laboratory (LANL). and Lawrence 
Livermore National Laboratory (LLNL), as well as 
with the Russian Ministry of Atomic Energy 
(MINATOM), and the Russian national institutes 
VNIIEF, VNIITF, and others. The first ioint svmuo- 

Chelyabinsk-70, now renamed Snezhinsk, on risk 
assessment technology in October, 1993. Resulting 
from these symposia are both a continuing dialog and 
specific initiatives on various safety and security 
issues of mutual interest to the national laboratories 
and institutes. The safety program discussed in this 
paper is one such initiative. The first signed contract 
for a safety-related project between Sandia and a 
Russian institute was with VNIIEF in May 1994. A 
similar contract was subsequently signed with VNI- 
ITF. Since then, over sixty contracts for safety pro- 
jects have been signed, and most of these contracts 
are now completed. Initial contracts were diverse 
and largely exploratory in nature, where each 
Russian institute and Sandia learned a little of each 
other’s culture, interests and capabilities. 

These initial contracts were primarily financed by 
the CMP at Sandia. Additional sources of funding 
have been subsequently obtained from the 
International Science and Technology Center (ISTC), 
from the Initiative for Proliferation Prevention (IPP) 
and from other Sandia internal organizations. The 
ISTC is an international organization, based upon a 
multi-lateral treaty between the US, the European 

OBJECTIVES 
Reduce the risk of undesirable nuclear incidents 
through cooperative exchanges in technologies 
associated with safety, security, and control of 
high-consequence systems. 

Focus 
On areas of perceived high surety risk. 
- Safety and Security (mostly Safety) 
- Transportation 

MWUAL BENEFITS 
Exchange risk assessment philosophy, data, and 

Perform tests and develop new capabilities that 

Develop dialog and processes with specialists to 

tools that are unique to each organization. 

would be extremely difficult for SNL to do. 

improve mutual understanding. 

SNL BENEFITS 
Institutes can provide a “truth test” of the SNL 
approach to safety and security. 
Institutes have analytical techniques and data of 
use to SNL. 
We can assist Institutes by exposing them to our 
best practices for improving the safety and secu- 
rity of their warheads and fissile materials (this is 
an important benefit to the US). 
The Institutes currently provide a low-cost way to 
conduct experiments and perform analyses of 
benefit to safety and security. 
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Union, Japan, the RF and more recently, Norway. 
IPP is a US government sponsoring entity. 

2. Current and Future Program Summary 
While the initial contracts were related to a large and 
diverse spectrum of safety issues, more recent efforts 
have been much more focused on the specific goals 
of the sponsoring organization. Recent contracts 
were also more substantive in nature and are becom- 
ing more collaborative with both the RF institutes 
and with organizations that would generally benefit 
from the work performed. Thus, the purpose of the 
CMP has evolved more into a facilitating function 
where it provides assistance and start-up support for 
projects and initiatives that are to have a direct bene- 
fit to a Sandia organization, as well as other sponsors, 
involved in safety related issues. Other sponsors may 
be government agencies, institutes, universities, pri- 
vate companies, and consortiums. Some of the future 
contracts are expected to be truly joint ventures, with 
the Russian institutes contributing equally to the pro- 
ject resources and benefiting accordingly. 

In summary, Sandia now has an ongoing program 
in safety with the Russian institutes. This effort has 
resulted in a mutual understanding of each institute’s 
areas of interest and technical capabilities. Because 
of this effort, Sandia believes that it now has estab- 
lished a basis for significant future initiatives, such as 
the proposed International Surety Center (ISC). 

3. Sandia Safety Program Guidelines 
Sandia’s primary objective for the surety program is 
to reduce the risk of high consequence safety and 
security incidents associated with nuclear weapons 
and other systems having high public risk within 
either the US or the RF. Sandia believes that this 
objective can best be achieved when both countries 
have access to the maximum amount of technical 
information available. Having an active continuing 
dialog between safety specialists in both countries 
facilitates this access. Sandia’s objective is also fur- 
thered by actively participating with its Russian 
counterparts through the funding and collaboration 
on actual joint safety research and development pro- 
jects. 

Figure 1 summarizes the surety collaboration 
objectives, scope and benefits, which have changed 
over time, resulting in a more focused program. 
Reasons for change are both due to evolving interests 
and, more specifically, realistic limitations on fund- 
ing. The surety program initially included many dis- 
ciplines. Its current focus is on safety and security 
and, more specifically, on transportation related safe- 
ty and security issues. These particular topics are 
perceived to be the areas that are most critical to 
Sandia. Clearly, there is always the option to expand 
this guideline if either Sandia or one of the Russian 
institutes can identify a compelling reason for 
change. Additional examples of other potential areas 
of focus are safety associated with facilities and with 

1. Assessrnen UMethodology 
Models 
Process 1 2. Data Acquisition 

Existing Data (Databases) 
Testing (Materials, Systems) M Environment Evaluations 

3. AssessmenUShdies 
Risk Assessments 
System Trade-offs 

1 
I 

Figure 2. System Safety Areas of Focus. 
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high consequence items and processes. 

The benefits, as shown in Figure 1, are meant to 
highlight the primary benefits to both Sandia and the 
institutes, with the goal being to maximize the bene- 
fits to all parties. 

4. Areas of Focus for the Safety Projects 
The rationale for identification of areas of focus for 
the mostly transportation related safety projects can 
be demonstrated by a review of a typical safety sys- 
tem process as depicted by the boxes in Figure 2. 
Some sort of assessment must ultimately be per- 
formed in order to determine the level of safety of the 
system, (box 3). In order to perform any assessment, 
an assessment methodology must be developed or 
selected, (box 1) and then data must be acquired, 
(box 2). Given the assessment, additional trade-off 
studies may be made and, ultimately, the final system 
or products critical to the system may be designed 
and developed with a goal of improving the system 
by reducing risk, (box 4). While admittedly simple, 
this depiction helps identify areas of focus for collab- 
orative projects and dialog. 

The actual areas of focus for the Sandia safety pro- 
jects with the Russian institutes are: 

I. Assessment Methodology 
11. Data Acquisition - Databases 
111. Data Acquisition - Accident Environment 

Characterization 
IV. Assessments 
V. Product Development 
Greater attention has been given to some areas 

than others. For example, increasing information in 
safety databases and accident environment character- 
ization has been considered to be of greater impor- 
tance than improving assessment methodology. With 
the recent focus on development of an ISC, more 
emphasis is expected to be placed on the safetykure- 
ty assessment process. the assessment studies relative 
to the developed process, and finally, on validation 
and verification issues. 

5. Safety Projects 
An overview of the existing safety projects relative to 
the five areas of focus is provided in Table 1. This 
table lists typical projects and the institute, or insti- 
tutes, that collaborated with Sandia on the project. 
Each project was funded through one or more con- 
tracts. In these contracts, the contract scope, specific 
tasks, deliverables and performance times were clear- 
ly defined. Reports were typically provided for each 
task, and they are available, subject to contract agree- 
ments for access to the information. Generally, this 
access requires approval from both institutes. In 
addition, most of the projects to date are listed in 
Appendix A. along with a brief description. A more 

detailed description of each project is contained in a 
Sandia Official Use Only report that can be obtained 
with approvals through the CMP. 

As stated initially, the purpose of this paper is to 
introduce the broad spectrum of projects that have 
been contracted with the institutes and not to discuss 
in detail any specific project. If there is interest in 
details of a specific contract, the reader is advised to 
contact one or more of the authors of this paper. 

Papers on specific projects have been presented at 
previous conferences. Two papers were presented at 
the 14th International System Safety Conference 
(ISSC) in 1996. One gave insights drawn from some 
of the contracts associated with risk assessment 
methodology [4] and the other gave a status of a 
product development project on the design of con- 
tainers which fully contain an internal explosive det- 
onation [5]. Follow-on initiatives for this latter pro- 
ject are being pursued by both Sandia and by the 
ISTC [6]. A subsequent paper on the container that is 
being designed for Sandia was presented at the 15th 
ISSC [7], as was another paper on a planned series of 
large scale field tests. This paper discussed the status 
of a series of dispersal experiments designed to quan- 
tify uncertainties from an accident dispersing haz- 
ardous particulate materials [8]. The actual experi- 

I. Assessment Methodology Projects 
* Evaluation of Qualitative Risk Assessment Merhodotogies. 

VNIIEF. VNIITF. 
Neural Network Processing for Probabilistic Risk Assessments, 
VNIITF. 
Russian Methods of Probabilistic Risk Assessment. VNIITF. - 2 and 3 Dimensional Numerical Simulations of Selected 
Structural and Thermal Problems. VNIIEF, VNIITF. 

* Russian Human Factors and Human Engineered Methods. 
VNIIEF, VNIITF. 
Methods Development for Statistical Analysis of Censored 
Data. VNIIEF. 

11. Database Projects 
Development of a Russian Surety Database. VNIIEF. VNIITE 
Development of a Russian Aircraft Crash Database. VNIIEF. 

111. Accident Environment Characterization Projects 
* Experiments on the Accidental Dispersion of Surrogate 

* Railway Car Accident Simulation Tests. VNIIEF. 
*Abnormal Environment Penetration Tests on Shipping 

Aircraft Crash and Fire Test Evaluations, VNIIEF. VNIITF. 
Fuel Fire Characterization. VNIITF. 
Numerical Model for Decomposition and Burning. VNIIEF. 

Radioactive Materials. VNIITF. 

Containers, VNIITF. 

IV. Assessment Projects 

* Safety of Technical Systems Exposed to Lightning. VNIIEF, 
Environmentally Clean Materials Recycling, VNIITF. 

VNIITF. 

V. Product Development Projects 
* Design and Analysis of Prototype Explosive Resistant 

Containers. VNIIEF. 

Table 1. Examples of Safety Projects. 
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ments are currently scheduled to occur in the spring 
of 1998. Finally, a project on a joint SandidVM- 
IEFNNIITF database is being presented at this con- 
ference [9]. All of these papers are available from the 
referenced sources. 

6. Potential Future Projects 
Potential future safety projects covering a wide range 
of safety related issues are discussed on a more or 
less continuing basis between Sandia and the 
Russian institutes. While the Sandia safety program 
has a great interest in pursuing several new projects, 
the practical limitations of current budget constraints 
makes this impossible. Sandia’s current best estimate 
is that a few new projects will be funded in the future. 
Collaboration with other organizations will likely 
have to occur in order to fund most new projects. 
This will likely make projects more useful to the 
broader safety community since all participants must 
find meaningful reasons for participating. 

7. Surety Project Initiative 
A new program has been initiated between Sandia 
and VNIIEF through a Memorandum of 
Understanding, which has been signed by the direc- 
tors of both SNL and VMIEF. The initiative is to 
establish a joint USRF International Surety Center 
(ISC) for energy intensive and high consequence sys- 
tems and infrastructures. The objective is to con- 
tribute to solutions for high consequence surety prob- 
lems that effect the international community. Papers 
have been presented which describe the early expec- 
tations for the ISC [ 10,111. More recent progress has 
focused on defining the ISC basic process and obtain- 
ing a broader participation and support for the ISC. A 
critical issue involves identifying what the ISC 
should actually be doing, and how it can add signifi- 
cant value to the existing surety community. Figure 
3 shows proposed vision and mission statements for 
the ISC. As envisioned, the ISC will focus on the 

VISION 
As an internationally recognized institution 
known for its science and engineering excellence, 
the International Surety Center (ISC) is the 
world-class agency for the certification of high 
consequence systems. Its mark signifying High 
Consequence Surety Certification is the credible 
guarantee of surety excellence. 

MJSSION 
Promote surety in high consequence systems 
through application of principles developed in 
the RF Institutes and US National Laboratories. 

assessment and certification of adequacy of high con- 
sequence systems. Systems will include any facility 
or process that can cause a high public risk, with 
examples being readily found in the energy and infra- 
structure communities. Assessments and certifica- 
tion will focus on the application of f i s t  principles 
surety concepts. Aspects of these first principals con- 
cepts have been discussed in various national and 
international communities [ 12, 131, including this 
conference [ 141. Certification is envisioned to be a 
formal process that establishes a high level of surety 
assurance. Some possible benefits to the customer 
may be risk reduction, improved customer relations, 
cast savings through elimination of costly process or 
facility changes to correct surety problems, lower 
insurance costs, facilitation of building approvals 
and facilitation of facility operation approvals. 

The ultimate goal of the ISC is to be inclusive by 
including a broad group of institutes, universities, 
companies and agencies in a collective and collabo- 
rative effort to design. build, operate, maintain and 
ultimately dismantle high risk systems with the low- 
est possible resultant risk of a public catastrophe. 

8. Progrant Conclusions 
Much has been accomplished in the last four years. 
The Sandia safety program has developed an excel- 
lent working relationship with the Russian nuclear 
institutes of VMIEF and VNIITF and others. Sandia 
has jointly participated in. and in some cases funded. 
several safety symposia and workshops. Sandia has 
also funded several safety research and development 
projects with both VNIIEF and VNIITF. Some cur- 
rent projects are jointly funded, and most future pro- 
jects are expected to be jointly funded or to have 
additional partners collaborating. It is expected that 
joint safety initiatives with continue with VNIIEF 
and VNIITF. One example is the new initiative for 
an International Surety Center. 
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APPENDIX A - BRIEF DESCRIPTION OF 
SAFETY PROJECTS 

I.  Assessment Methodology Projects 

Evaluation of Qualitative Risk Assessment 
Methodologies, VNIIEF, VNIITF. 
Evaluates the usefulness of qualitative risk assess- 
ment techniques such as Analytic Hierarchy Process, 
Fuzzy Logic and others. ’ 

Acceptable Risk Criteria for Selected Operational 
States, VNIIEF, VMITF. 
Project to provide the technical basis for establishing 
acceptable risk criteria for hazardous objects or 
processes such as nuclear power plants, explosive 
operations and transportation of hazardous materials. 

Using Neural Networks to Process Systems 
Response Data for Probabilistic Risk Assessments, 
VNIITF. 
Purpose is to ascertain whether neural networks pro- 
vide an advantage over interpolation schemes to 
process system response data for probabilistic risk 
assessments. 

Russian Methods of Probabilistic Risk Assessment. 
VNIITF. 
Produce a description of risk assessment techniques 
used in Russia, summarize applications and identify 
areas for improvement. Provided a reliability based 
analysis methodology. Sandia successfully applied 
one math process to a computer program. 

Two and Three Dimensional Numerical Simulations 
of Selected Structural and Thermal Problems, VNI- 
IEF, VNIITF. 
This work benchmarks 2-D and 3-D numerical simu- 
lation codes used at Russian and US laboratories. 
The codes of interest are used for nonlinear. numeri- 
cal simulation of abnormal environments. 

Russian Human Factors and Human Engineering 
Methods, VMIEF, VNIITF. 
Provides a description of human factors and human 
reliability used at the Russian institutes versus meth- 
ods used at Sandia. 
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Principals and Methods Incorporated into Surety 
Training and Certification Programs, VNIIEF, VNIITF. 
Information exchange on principals incorporated into 
surety programs and the educational process used to 
teach the principals, ensure continuity of standards 
between designers and users, and preserve the evolu- 
tion of surety principals and methods. 

Methods Development for Statistical Analysis of 
Censored Data, VNIIEF. 
Data is censored if the value of a measurement is not 
obtained but is known in a limiting sense. Provides a 
description of current methods used, assessment of 
areas of analysis requiring improvement, develop- 
ment of new appropriate methods, and an illustration 
of the application of these new methods. 

II. Data Acquisition - Database Projects 
Development of a Glossary of Terminology in Surety 
Technology, VNIIEF, VNIITF. 
Purpose is to develop a bilingual glossary of terms 
used by Russian and US nuclear institutions in sure- 
ty technology. 

Development and Improvement of a Russian Nuclear 
Safety Information Center Database, VNIIEF, VNIITF. 
Purpose is to develop a database to store all pertinent 
Russian nuclear safety information in a computerized 
system in order to provide ready access to safety 
information, assist system analysis, capture historic 
information, and facilitate indexed retrieval. 
Database is developed and over twelve hundred doc- 
uments have been entered. Project is on-going. 

Ecvelopment of .i C’dmmon US/Russian Aircraft 
Crash Accident Datahase, VNIIEF. 
Provides an exchange of crash data for large cargo 
type aircraft so that the combined results will 
improve the statistical data on aircraft accident char- 
ac teristics. 

Russian Railroad Operations and Accident Databank for 
the Transportation of Hazardous Materials, VNIITE 
Purpose is to provide: a description of operations and 
rules for hazardous materials transportation, accident 
statistics, and the accidsnt database. Received first 
task describing operations. Project terminated 
because restrictions on access to accident data pre- 
cluded completion. 

Hazardous Materials Data Bank. VNIITF. 
Purpose is to develop a data hank for risk calculations 
associated with the operational safety of complex 
technical systems and. transportation operations. 
Provided an ACCESS developed database with a rep- 
resentative sample of types of data implemented into 
the database. 

Database on the Characteristics of Materials Under 
High Strain Rates, VNIIEF. 
Purpose is to provide data on strain and strength 
characteristics of selected materials under uniaxial 
tension and compression at strain rates less than 1000 
and temperatures less than 800 degrees Centigrade. 

III. Data Acquisition - Accident Environment 
Characterization Projects 
Experiments on the Contamination Resulting from 
Accidental Dispersal of Surrogate Radioactive 
Material, (multiple contracts) VNIITF. 
The first contract provided for development of the 
experimental concept and process. Subsequent con- 
tracts have funded characterization of the test materi- 
als and funding for the experiments. A final contract 
will analyses of the test results. The tests will quan- 
tify macro climatic variability effects on dispersal of 
respirable particulate using three materials sequen- 
tially released in an explosive puff. 

Railway Car Accident Simulation Test Data for 
Ground Transportation, VNIIEF. 
Project provides documentation on existing full scale 
and sub-scale fire and crash tests performed on rail 
cars used to transport hazardous materials. 

Development of an Actively Cooled Calorimeter Test 
Device, VNIIEF 
Project provides complete design drawings and 
details for calorimeter test device for shippin, 0 con- 
tainer validation and one prototype panel of the 
calorimeter. Panel tested under extreme fire input 
conditions. 

?- 
Environmental Tests of Wood Impact Limiters 
(Dampers), VNIIEF, VNIITF. 
Project provides mechanical and physical character- 
istics of redwood and three selected Russian woods 
for container safety impact mitigation applications. 
Data provided is crush strength under varying load 
rates, temperature. moisture content and grain angle. 
Expect publication on project results. 

Container O-ring Seals Environmental Tests. VNIIEF. 
Purpose is to test several types of elastomer O-rings to 
determine critical material properties and leak resis- 
tance under accident conditions. 

Abnormal Environment Penetration Tests on 
Shipping Containers. VNIITF. 
Provides experimental data and develops empirical 
models for the penetration of representative contain- 
er cross sections by small arms projectiles and limit- 
ed penetration probes representing flying debris from 
accidents. 
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Aircraft Crash and Fire Test Evaluations, VNIIEF, 
VNIITF. 
The purpose is to obtain experimental data on full 
and sub-scale cargo aircraft crashes including struc- 
tural damage, fuel dispersal, and fire. This contract 
provided a feasibility study. 

Fuel Fire Characterization and Object Response, 
VNIITF. 
This project characterized the thermal environment 
of the VNIITF fire test facility which provides a 
unique class of fire environments. 

Development of a Numerical Model to Predict 
Decomposition and Burn Processes of Organic 
Materials, VNIIEF. 
This project develops a transient, physically based 
engineering model that can predict decomposition 
and burning processes of organic materials as well as 
associated heat transfer through the material. 

Development of an International Vibration Standard 
for Radioactive Material Packaging, VNIIEF. 
This prqject provides an international standard that 
d e h e s  the surface transportation vibration environ- 
ment and describes test methods for demonstrating 
compliance with the requirements. 

Container Materials Aging Tests (three contracts; 
birch, pine and foam), VNIIEF. 
These projects provide essential data for defining the 
useful life of birch, pine and polyurethane foam in 
the kind of environment it would experience when 
used in a radioactive material container. 

Characterization of Explosives in Thelma1 Abnormal 
Environments, VNIITF. 
Experiments on the reactive response of selected 
explosives due to a simulated fire or thermal abnor- 
mal environment. 

Review of Numerical-Experimental Research in 
Explosive Destruction and Fragmentation of 
Materials, VNIIEF. 
The purpose is to provide an understanding of the 
ability to predict the aerosol source term of toxic 
materials in weapon like accidents involving explo- 
sive dispersal of materials. 

AC Electric Arc Challenges to Explosive Safety, 
VNIIEF. 
The purpose is to provide analysis and experimental 
investigation of the interaction between specific hol- 
low cylinders and ac power arcs. This simulates an 
explosive device coming into contact with power 
lines or a power transformer. 

IK Assessment Projects 
Environmentally Clean Materials Recycling, VNIITF. 
This project provides a feasibility study and options 
assessment of selected materials that are anticipated 
to be processed. The focus was on demonstrating 
water jet technology for disposal and recycling of 
explosives. 

Safety of Technical Systems Exposed to Lightning, 
VNIIEF, VNIITF. 
The purpose of this project was to develop and com- 
pare experimental results, computations, and analyti- 
cal models for lightning interaction with technical 
systems. 

Safety Assessment of Hazardous Cargo 
Transportation by Motor Transport, VNIIEF. 
The purpose of this project is to perform a complete 
probabilistic risk assessment of a hypothetical ship- 
ment by truck of items containing explosive products 
and hazardous materials. 

K Product Development Projects 
Design and Analysis of Prototype Explosive 
Resistant Containers, VNIIEF. 
The initial project was to develop designs for explo- 
sive-resistant containers for safe handling and trans- 
portation of generic conventional explosive devices. 
The goal of these designs is complete containment of 
both the explosive force and any hazardous byprod- 
ucts of the accidentally initiated explosion. A three 
year ISTC follow-on design project is funded. 
Sandia has also funded a follow-on project. The long 
term goal is to develop, build and test prototype con- 
tainers. 
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