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SANDIA NATIONAL LABORATORIES 

Sandia employs more than 8,000 engineers, scientists, and support 
personnel, 7,000 of whom are in Albuquerque, New Mexico. We 

operate t ~ . ' o  locations for research and developmen-Albuquerque 
and Livermore, California- along with several remote sites for 

testing, including Tonopah, Nevada and Kauai, Hawaii. Our wide 
diversity of activities and expertise has developed advanced 

capabilities for testing and test documentation. 

Sandia National Laboratories, Albuquerque, New Mexico 

andia National Laboratories is operated by Sandia Corporation, a subsidiary of Lockheed Martin 
Corporation. As a multiprogram laboratory for the U.S. Department of Energy (DOE), Sandia 

conducts research, development, and testing activities related primarily to defense and energy. Our 
extensive activities include fusion energy, reactor safety, nuclear safeguards, energy research, 
microelectronics, and other undertakings that exploit our research and development capabilities. 
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SeaRAM Shipbom-d Fire Tests 
Carried out by Sandia at the 
U S .  Coast Guard Fire and Safety 
Test Facility, Mobile, Alabama 
September I 1-15, I995 

Fire tests were performed in the Mayo Lykes (middle ship) 

Simulated Engine Room Fire Using Heptane 
Spray; calorimeter (test container) is at right 

Simulated Cargo Fire Test 
Using a Wood Crib 
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CHRONOLOGY OF’ 

TRANSPORTATION ACTIVITI‘ES 
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First federal regulation governing shipment of radioactive materials. It was necessitated because photographic 
film was being clouded by ionizing radiation from materials being shipped by U.S. mail. 

Construction began of “Sandia Base” to house Z Division which was moved from Los Alamos. 

Sandia Corporation formed as separate weapons research facility. 

Western Electric signs contract to operate Sandia Laboratories for Atomic Energy Commission (AEC). 

Sandia Laboratories facility established at Livermore, California to collaborate with Lawrence Livermore 
Laboratory. 

AEC published packaging and transportation regulations in Title 10, Code of Federal Regulations, 
Part 71 (10 CFR 71). 

Publication of international “Regulations for Safe Transport of Radioactive Material,“ Safety Series #6 by 
International Atomic Energy Agency (IAEA). 

First Symposium on Packaging and Transportation of Radioactive Materials (PATRAM) held in Albuquerqjle. 

Interstate Commerce Commission safety responsibilities transferred to newly established Department of 

IAEA published revised Safety Series #6. 

Second PATRAM Symposium, Gatlinburg, Tennessee. 
DOT issues revised regulations to conform with international standards. 

Third PATRAM Symposium, Richland, Washington. 
Flight recorder tests (compared Type B package survival to flight recorder). 
Crush testing of Type B packages for IAEA Regulatory Development. 

Development initiated on Plutonium Air Transport (PAT-1 and PAT-2). Continued through 1977. 
IAEA published revised Safety Series #6. 

Fourth PATRAM Symposium, Miami Beach, Florida. 
Energy Reorganization Act of 1974 divides AEC into Nuclear Regulatory Commission (NRC) and Energy 
Research and Development Administration (ERDA). 

Full-scale tests of casks on trucks and railroad cars; continued through 1977. 
TRANSNET, an interactive computer network that provides online access and user support is implemented. 
RADTRAN 1, a transportation risk analysis code designed for TRANSNET is developed. 
Department of Energy (DOE) established; replaces ERDA. 
NRC publishes “Final Environmental Statement on the Transportation of Radioactive Material by Air and 

Transportation (DOT). 

Other Modes” (NUREG-0170). This was the first national risk assessment of radioactive material 
transportation. 
Sandia publishes final report by L. L. Bonzon (SAND76-0437) on special impact tests of Plutonium 
Shipping Containers. 



1978 

1980 

1981 

1982 

1983 

1986 

1987 

1988 

1989 

1990 

1991 

Sandia designated as lead laboratory for transportation research and development. Transportation Technology 

Studies initiated on transport system for contact-handled TRU waste (TRUPACT-1). This waste includes 

Fifth PATRAM Symposium, Las Vegas, Nevada. 

Sixth PATRAM Symposium, Berlin, Germany. The acronym “PATRAM,” coined by German hosts, is 

Preliminary TRUPACT- 1 design completed. 
“Transportation of Radionuclides in Urban Environs” is published by Sandia-the first comprehensive study 

DHLW cask development started and prototype built. 

RADTRAN 11, an updated code, is issued. 

Design initiated on Beneficial Uses Shipping System (BUSS). 
Spent Fuel Cask Sabotage Tests. 

Seventh PATRAM Symposium, New Orleans, Louisiana. 

Eighth PATRAM Symposium, Davos, Switzerland. 

RADTRAN I11 is issued. 

Design initiated on On-Site Container (ONC) for the U.S. Army. 

Ninth PATRAM Symposium, Washington, D.C. 

RADTRAN 4 is issued. 

Mobile Instrumentation Data Acquisition System (MIDAS) 

Center (TTC) established. 

rags, paper, tools, large equipment, floor sweepings, etc. 

adopted for first time. 

of transportation risks in densely populated areas. 

transported to Germany to support joint DOE/German test program. 

Tenth PATRAM Symposium, Yokohama, Japan. 
AT&T notifies DOE that it will not renew contract to operate Sandia National Laboratories. 
BUSS cask is certified by NRC and DOE. 
Development and testing of prototype ONC. 

In October, Martin Marietta Corporation (became Lockheed Martin Corporation in 1995) assumes operation 

Beneficial Uses Shipping System (BUSS) cask shipped to Hanford, Washington to be used in their site 

U.S. Army awards contract to Gregory Enterprises of Carlsbad, New Mexico for manufacture of 165 ONCs; 

1992 

1993 
of Sandia National Laboratories. 

clean-up effort. 

38 built by end of year. 

1994 MIDAS completed, documented, and fully operational 
“SeaRAM: An evaluation of the safety of radioactive material transport by sea” program initiated. 

*Drop test of Rocky Flats pipe components (January). 
*Drop test of Bettis honeycomb impact limiter (March). 
*SeaRAM fire tests carried out in the hold of test ship at U.S. Coast Guard Fire Test Facility in Mobile Bay, 

*Drop test of Bettis 235R package (September). 
*SeaRAM pool-fire tests carried out on deck of test ship at U.S. Coast Guard Fire Test Facility in Mobile Bay, 

*Eleventh PATRAM Symposium held in Las Vegas, Nevada (December). 

1995 

Alabama (September). 

Alabama (November). 



TRANSPORTATION TECHNOLOGY PROGRAMS 

andia's Transportation Technology 
programs develop innovative technology to 

solve transportation and packaging problems and 
needs for DOE and other federal agencies. These 
programs are also responsible for technical support 
in packaging certification and regulatory issues. 

Jim Pierce (left) and Jeff Bobbe examine a package that contains a rapid closure mechanism 
that is being evaluated for future package development programs. 
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ndustrial and military activities in the United States 
produce large amounts of hazardous mixed waste, which 

includes both radioactive and toxic substances. Our 
already overburdened environment is faced with the task of 
safely disposing of these complex wastes. A very impor- 
tant aspect of this effort is the safe and economical trans- 
portation of radioactive and toxic chemical wastes to 
projected repositories. Movement of wastes to the reposi- 
tory sites is accomplished by a combination of truck, rail, 
ship, and air. The DOE directs transportation activities 
including cask development technology for use in single or 
multimode transport. 

Sandia National Laboratories' Transportation Technology 
programs provide the technology and know-how to 
support DOE in achieving safe, efficient, and economical 
packaging and transportation of nuclear and other hazard- 
ous waste materials. 

Sandia's Transportation Technology programs consist of 
the following elements: 

This brochure describes our 
Transportation Technology 

programs and the specialized 
techniques and capabilities 

they offer to prospective users. 
For further information, 

call or write us 
at the addresses listed below: 

Glenn F.  Hohnstreiter, Manager 
T~-ansportation Systems 

Department 6642 
Sandia National Laboratories 

P.O. Box 5800 
Albuquerque, NM 87185-071 7 

e-mail: glenn@ttd.sandia.gov 
(505) 845-8459 

e 

e 

Packaging Development 
Packaging Analysis 
Testing 
Advanced Technology Development 
Certification Support 
Regulatory Support 
Regulatory Compliance and 
Technical Assessment 
Transportation Automation and Systems 
Assessment 
Environmental and Systems Analysis, 
Engineering, and Planning 

Sandia's core technology and experience provide the 
necessary basis for a systematic approach to waste man- 
agement packaging and transportation issues. Our trans- 
portation programs anticipate future system needs, identify 
potential problems, and develop innovative solutions for 
DOE packaging and transportation activities. 

Richard Yoshimura, Manager 
Transportation Systems Analysis 

Department 6641 
Sandia National Laboi-atories 

P.O. Box 5800 
Albuquerque, NM 87185-0718 

(505) 845-8181 
e-mail: hryoshi@ttd.sandia.gov 

Ken Sorenson, Manager 
Transportation Development 

Department 6643 
Sandia National Laboratories 

P.O. Box 5800 
Albuquerque, NM 871 85-071 6 

e-mail: kbsoreiz@ttd.sandia.gov 
(505) 844-0074 

mailto:glenn@ttd.sandia.gov
mailto:hryoshi@ttd.sandia.gov
mailto:kbsoreiz@ttd.sandia.gov


PACKAGING DEVELOPMENT 

his program focuses on the development of 
transport and storage packagings. It concentrates 

on developing standardized and site-specific, externally 
approved applications for the packaging of hazardous 

mixed waste and radioactive materials. Develop- 
ment of specific packages draws on the technical 
expertise that has been and is being developed 
from the activities described in this brochure. 

I L 

Designed by Sandia for the U S .  Army, the On-Site Container (ONC) is used to transport obsolete 
chemical weapons from their storage sites to disposal sites for destruction. Gregory Enterprises of 

Carlsbad, New Mexico fabricated the prototype test unit, which was certified for use by the Army. Early 
in 1993, the Army awarded a $40 million contract to Gregory Entei-prises (a subsidiary of Scientific 

Ecology Group, Oak Ridge, Tennessee) for production of I65 ONC units. 
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Packaging Development comprises the 
following activities: 

Packaging Concepts provides technical support 
based on specific requirements for externally 

approved packaging applications. For instance, 
in cooperation with Westinghouse Hanford 

Company, Sandia is preparing conceptual 
designs for hazardous materials chilled sample 

containers and Type B sample containers. 
Sandia is also taking part in the evaluation of 

packaging needs for plutonium shipments from 
Russia to the United States. 

ChemicuI C~)~~~~~tibil~t~ involves testing and 
research on materials used in transportation and 

storage packaging construction. This activity 
performs compatibility research and testing on 

packaging cask-related components such as 
container materials, seals, liners, and sample 

ports with simulated waste chemicals. 

Svstenu Studies evaluates waste processing, 
storage, and transportation and disposal func- 

tions for specific wastes or payload streams. 
This activity will identify hardware needs, 

mixed-waste, toxic, and radioactive material 
packaging requirements; and hardware interface 

constraints, in addition to technological needs. 
Roadmapping, a subset of this activity, is a 

means of analyzing a global problem. 

An early quarter-view development unit being prepared for a 
puncture test in the late 1970s. Examining the test serup is 
Richard Yoshimura (facing camera) who has been with the 

program since its inception in the mid-1970s. 

A view of the one-quarter-scale NUPAC 125-B (TMI) cask 
rebounding during a drop test in 1985. It was designed to 

remove fuel debris from the Three Mile Island nuclear 
reactor accident site. 9 



PA CKA GZNG ANALYSIS 

his program provides improved design and 
analysis tools for shipping containers. 

It is divided into the following activities: 

Structural Analysis provides package designers 
and certifiers with the most accurate method of 

determining package response to 
transportation environments, especially impact 

and puncture. 

Thermal Analysis provides enhanced packaging 
analysis methods so that when packages are 

subjected to regulatory tests and accidents, they 
are safer and have a higher survival probability. 

Design Code Applications and Integration 
reduces radioactive material packaging life- 

cycle costs through integration of design codes 
and the use of design-production 

optimization techniques. 

Criticality and Shielding Analysis determines 
the applicability of existing codes and data to 

the DOE packaging and transportation program 
and studies the impact of future requirements 

involving criticality and shielding. 

An On-Site Container Pool-Fire Test. 
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t tests that shipping contuiizers 

.e diJjLiuIt to uccurutely model for. 

S of the plates r-ernuiti 
easier than with wicooled 

Mike Arviso 
installs the 

Actisely Cooled 
Caloriineter 

experiment in 
preparation for  a 
fire at the Sandia 

biirit site located 
in Coyote Canyon. 
The calorimeter is 

designed to 
measure heat 

transferred froin 
the fire under 

controlled surface 
temperature 

conditions that 
will perinit 

calibration of 
theoretical fire 

models. 

r, 
4 
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TESTING 

Tesring Methods includes a thermal experimental 
program and instrumentation development. The 

main purpose of the thermal experimental 
program is to provide data to support the 
thermal analysis program, among others. 

esting is used to substantiate assumptions and 
techniques employed in analytical models, 

as well as to demonstrate structural and thermal 
responses of test items. Testing facilities simulate 

the required test conditions and provide response 
data. Hypothetical accident environments include 

impact, puncture, thermal, and water immersion. 
This activity comprises the following areas: 

N(lr-ma, Transl?ort Enr,i,,onnze,.lt defines shock 
and vibration environments that are essential for 

package design. This activity addresses issues 
such as fatigue and tiedown loading criteria. 

The information obtained will be submitted to I 

the American National Standards Institute 
(ANSI) for codification in ANSI N14 standards 

for rail and truck transport. 

Testing Activities entails development, operation, and 
maintenance of test facilities and capabilities that are 

essential to support package development, analysis, 
and certification programs for DOE and other 

customers. Transport Accident Environnzent defines the 
environment for generic radioactive materials 

transport packages, and assesses their response 
to that stressful environment. 

In one of the most spectacular full-scale crush tests conducted ut Sundia, a locomotive impacted a transport 
vehicle carrying u spent-jiuel cask. This test was performed in 1976. 
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Mobile Instrumentation Data 
Acquisition System 
(MIDAS) 

Amplifiers 

Measurement - 
Structural data fi-om measurement devices are 
routed through MIDASs matrix switch, which 

is used to distribute data to othev structural 

Devices 
- ~ 

- Equipment 

Matrix 
Switch 

Transient 
Recorders 

~ 

The MlDAS 
Trailer Provides 
State-of-the-Art 
Data Acquisition 

transported to 
Germany in 
1990 to support 
the DOE test 
programs on 
ductile cast iron. 
Shown is Mike 
Arviso inspect- 
ing instrumenta- 
tion in the 
MlDAS trailer. 

Support. It was 

1 

Transient L 
Recorders 
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From the top, William Uncapher (left) demonstrates 
MIDAS instrumentation to Robert Richards of the 
US. Coast Guard Research & Development Center in 
Groton, Connecticut; Uncapher and a technical 
representative porn BAlM inspecting instrumentation 
installation on the cask; and MIDAS and support 
poww generator shown next to the BAM 30-meter 
drop tower facility at Lehre, Germany. 

MIDAS is a self-contained, fully automated data 
collection and processing facility housed in a 13.4-meter 
(&-foot) trailer with both structural and thermal data 
acquisition systems. Ir was designed and built between 
1989 and 1993 by Sandia to provide on-site data 
acquisition and analysis capabilities for testing of 
radioarrive materials packages. Data are acquired and 
processedfiom structural, thermal, and leak testing of 
radioactiiv packages in addition to other experiments 
requiring on-site data acquisition. 

MIDAS can collect package response data front a vai.iety 
of piezoresistive measurement delices. Some of the 
onboar-d self-diagnostic features it contains are data 
analysis capabilities, a graphical sofmare interface, a 
communications center, and a meteoi-ological station to 
support data acquisition. The flow diagram at left shows 
the major features of the MIDAS system uvhich enable it 
to collect information and analyze and display the 
acquired data immediately after a test. 

A dramatic example of MIDAS's versatility was 
its use in certiJcation drop tests of the DOE-deireloped 
vitrified high-lewl R'aste cask in Lehre, Germany. The 
tests Mwe performed in collaboration wvith 
Bundesanstalt fur Materialforschmng und -pi.iifrmg 
(BAM), the German Institute for Materials Research and 
Testing. The drop tests were performed between 
October I990 and June 1991. at a test site belonging to 
the German government. MIDAS collected and pro- 
cessed structural response data using accelesometei. and 
strain gages to measure deceleration of the cask body 
during 9-meter (3o-foot) impacts. Strain gages were 
used to measure sugace strains along and adjacent to a 
manufactwedflaw in the cask wall. Datafiom all of the 
Sandia-installed measurement devices Miere processed 
and presented to the international program participants. 

Prior to its German trip and closer to home, MIDAS was 
the centerpiece of a demonstration at Highlands Univer- 
sity in Las Vegas, New Mexico in November 1990 as 
part of the Education Outreach Program. The educa- 
tional demonstsations included tours of the cotnpitter- 
operated mobile unit, audio-visual programs, and 
lectures. MIDAS's visit was an invaluable learning 
opportunity for students interested in computer science, 
engineering technology, chemistry, physics, and environ- 
mental issues. 

MIDAS also was used for data-gathering for tests at 
Luwrence Liserrnore National Laboratoiy in November 
1990. These benchmark experiments were used to 
determine uncertainties and variability in collected data. 
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ADVANCED TECHNOLOGY DEVELOPMENT 

his program develops T technologies or 
systems not presently used 

in packages but that could have 
generic economic and safety 

benefits. 

Muterials Chai.cic.tt.I.i=arion seeks 
to establish, on the basis of perfor- 

mance and cost, the viability of 
using nontraditional materials in 

packaging fabrication. New 
candidate materials, such as ferritic 

steels, depleted uranium, borated , 
stainless steel, and titanium, must 
be physically characterized to be 
qualified for packaging construc- 

tion. Chemical characterization 
will identify candidate materials 

that will be compatible with 
hazardous components of mixed 

wastes. (See MOSAIK Drop-Test 
Program box at right.) 

Coniponents work determines dynamic 
properties of elastomeric O-rings which affect 
how they respond to deformations in the 
sealing surfaces. This activity also studies 
dynamic properties of four types of impact 
limiters. 

The seals components testing laboratory. To the left is the data 
acquisition system, a Nicolet digital oscilloscope with a plotter and 
disc memoiy. Next to it is the MTS machine control rack. The test 
fixture is on the table to the left of the signal conditioning equipment. 

Pilckuging Systems Concepts focuses on new 
package development using state-of-the-art 
technology. The goal is to develop package 
concepts that can be built economically, are 
easy to operate and maintain, and can meet 
present and future safety requirements. 

Cornputer Sinidation of Robotic Unloading 
Procedures of TRUPACT at WIPP 

Handling and Opc~mtionnl Systcnis Coticepts 
work focuses on automated, quality-assured 
package handling, including loading, 
unloading, and health physics operations. 
Graphical animation/automatic programming 
techniques for automated equipment are 
applied to small handling operations. 
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The MOSAIK Drop-Test Program. As 
part of DOE’S Transportation Base 

Technology Program, Sandia carried out 
the MOSAIK drop-test program to 

confirm the applicability of a fracture 
mechanics methodology for the brittle 

fracture fail-safe design of TJpe B 
transportation casks. This program 

derrronstsated the viability of ductile iron 
for Type B trunsportation cask contain- 
meiit rrnder extraregidatory conditions. 
Ductile iron is uidely used in Westeix 

Europe as a structural material for- 
radioactive material casks. 

Satrdia obtained the MOSAIK cask 
$ m i  its German i?ianufacturer for a 
series off;t~e drop tests. These cask 

drops were based on the hypothetical 
accident conditions specified in 10 CFR 
71 wiitli additional test parameters used 

to rest the fiacture ntcckanics methodol- 
ogy. The first of the accident conditions 

is a 30-foot drop onto an unyielding 
srr&se. It niitst be dernorzstruted, 

analyticully andlor by testing, that u 
transport cask can M*ithstand such an 

event without loss of containment. 
* 

Each of the five MOSAlK drop 
tests MGS conducted at a tempcrutui-e 
of -20°F or l o ~ w .  Steel saddles 
were welded to the cask body arid the 
drop orientation was such that the 
saddles impacted the pad smr;face so 
as to greatly enhance the stresses 
applied to the cask. Each drop was 
at the regulatory height of 30 feet, 
except for one porn the extra- 
regulatory height of 60 feet. For 
each drop, aflaw was machined into 
the cask body; these flaw depths 
ranged from 0.75 tu 3.0 inches. G- 
forces on the cask body rangedfr-om 
700 to 1000 g with a time-to-peak 
load of -1 .5 milliseconds. A typical 
cask drop test i.esults in a g-forcc of 
ubout 200 g with a time-to-peak load 
of 20 to 40 milliseconds. 

For each of these seserc tests, 
prior predictions oj‘the potential for 
cmck initiation at the tip oj-the jlaw 
u w e  mude by meum ojyinite- 
element and fr-acture mechanics 
walyses. Posttest examinations of 
the region just below the flaw tip 
confirmed these predictions. The 
fructure mechanics methodology was 
validated and the fifiitite-element 
stress analyses used in the applira- 
tion offiucture mechanics were 
benchmarked. The drop tesis 
conJi’r.med the suitability of ductile 
iron as a cask containment niaterial. 
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CERTIFICATION SUPPORT 

andia provides a centralized facility for 
collecting knowledge, capabilities, 

and data developed by the Transportation 
Technology programs. This information 

provides the certification support for direct 
application of Transportation Systems 

Engineering and Analysis principles to DOE 
certification requirements. 

The Beneficial Uses 
Shipping System (BUSS) Cusk 

REGULATORY SUPPORT 

andia provides technical information and support to international and federal regulatory authorities 
on proposed regulations and technical evaluations. We assist the DOE by recommending 

programs and strategies that address identified issues. Sandia also assists regulatory agencies and 
standards organizations by providing consistent and objective evaluations to ensure that certification 

procedures and standards are in accord with the best technical data available. 
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REGULATORY COMPLIANCE AND TECHNICAL ASSESSMENT 

his program implements an effective 
and comprehensive performance 

of transportation functional self-assessments to ensure adequate regulatory and 
policy compliance. As the lead office for transportation activities within DOE, 
the Office of Transportation, Emergency Management, and Analytical Services 
ensures that packaging and transportation activities are assessed by (1)  develop- 

ing a systematic approach to performing packaging and transportation self- 
assessments, (2) developing a program for carrying out self-assessments that 

will include their planning, scheduling, and performance, and (3) developing an 
action tracking mechanism. 
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TRANSPORTATION AUTOMATION AND SYSTEMS ASSESSMENTS 

The Spatial Data Research and Development Laboratory (SDRDL) is a new concept in cooperative program develop- 
ment. Jointly developed by several Sandia organizations, the graphic display consoles permit the display of Sandia- 
developed technologies in vehicle tracking (STARBASE), emergency operations and response, and Geographic 
Information Systems (GIs) and other spatial data efforts. The ongoing analysis efforts of the Transportation Program, 
together with the TRANSNET system, are also supported by the associated computer resource center. Program 
development activities proposed to be supported by the facility include emergency management activities for both fixed 
sites and transportation vehicles, support of GlS problem solving, treaty verification activities, and waste minimization. 

In 1978, the Transportation Technology Center (TTC) was established at Sandia National Laboratories by the 
U.S. Department of Energy. The TTC’s charter was to coordinate packaging and transportation R&D efforts 
among the DOE’S national laboratories and contractors. Among the activities of the TTC’s Systems Analysis 
Department is the development of comprehensive routing, risk assessment, systems analysis, and data systems 
as well as the analyses of radioactive and hazardous materials transportation. As aresult, Sandia is recognized 
worldwide as a source for risk assessment codes and the related data resources for the management of 
transportation of hazardous materials. Two of the outstanding efforts developed in this activity are 
TRANSNET and RADTRAN. 
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