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ABSTRACT 

This paper provides a review of the two components of the Nevada Test Site (NTS) Demilitarization test 
and demonstration capabilities. Part one is a general discussion of the NTS and the many assets it offers 
to the Demilitarization community; and more specifically, a discussion of the NTS Open Budopen 
Detonation (OB/OD) test facility. The NTS Joint Demilitarization Technology (JDT) OB/OD Test 
Chamber is located at the X Tunnel facility which has been designed and constructed to contain and 
characterize the effluent from demilitarization activities. X Tunnel consists of a large test chamber 
capable of withstanding a 3,000 pound net explosive weight detonation or up to a static pressure of well 
over 100 pounds per square inch. The test chamber is fully instrumented to measure and collect gas and 
particulate samples as well as to monitor shock phenomenology. 

Part two is a discussion of the NTS Tactical Demilitarization Demonstration (TaDD) program currently 
planned for the Area 1 1 Technical Facility. This project will produce equipment that can dispose of 
unneeded tactical military rocket motors in a safe, environmentally-friendly, and timely fashion. The 
initial effort is the development of a demilitarization system for the disposal of excess Shillelagh missiles 
at the Anniston Army Depot. The prototype for this system will be assembled at the Area 1 1 facility 
taking advantage of the inherent infiastructure and proximity to numerous existing structures. Upon 
completion of testing, the prototype facility will become the test bed for future tactical disposal 
development activities. It is expected that the research and development techniques, prototype testing and 
production processes, and expertise developed during the Shillelagh disposal program will be applicable 
to follow-on tactical missile disposal programs, but with significant cost and schedule advantages. 
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INTRODUCTION 

This paper discusses the Demilitarization activities, and other U.S. Department of Defense 
(DOD) activities, conducted at or in conjunction with the Nevada Test Site (NTS) by Bechtel 
Nevada (BN) for the US. Department of Energy and the U.S. DOD. The national laboratories 
(Lawrence Livermore, Los Alamos and Sandia) are integral to the NTS OB/OD demilitarization 
activities and provide valuable expertise relative to underground testing. The JDT OB/OD 
program consists of the characterization of the effluent from a variety of test articles and rocket 
motor tests conducted within a sealed chamber deep within Little Skull Mountain. 

Lockheed Martin Missiles & Space, in conjunction with the China Lake Naval Air Warfare 
Center, provides diverse technical and professional support in the conduct of the TaDD 
activities. The TaDD project is developing safe, cost effective processes that will dispose of 
excess Shillelagh missiles in an environmentally responsible and timely fashion. The 
developmental work for the Shillelagh missile will lend itself to slight modifications of the 
process equipment for other tactical missiles such as the TOW missile. 

THE NEVADA TEST SITE 

The NTS is a massive research laboratory and national experimental center that cannot be duplicated. 
The NTS is a vast, remote, safe and secure facility occupying approximately 1,350 square miles of a 
6,500 square mile federally controlled set aside area within southern Nevada. The southern most tip of 
the NTS is 65 miles northwest of Las Vegas. The Mercury base camp is located near the southern 
boundary of the NTS and is the home of the Desert Rock airfield. The air space above the NTS is 
controlled to limit activity. 

The NTS includes extensive test facilities, bunkers and underground complexes as well as a complete 
infrastructure capable of providing for a convenient and effective environment to conduct testing and 
support numerous other activities. Some of the infrastructure assets available to projects on the NTS are: 

t Fleet/Equipment & FueVLube Services 
b Concrete/Aggregate BatcldScreening Plants 
+ Medical Services 
t Mine Rescue Services 

The NTS assets (personnel and equipment) are highly regarded for their ability to collect very complex 
and precise data from a wide variety of testing and experimentation efforts. Typical technical expertise 
exercised - on NTS tests or experiments include: 

t 

t 

High speed data collection and analysis 
Sensor systems, including development capability 

High explosives handling and testing 

t Fiber optics/communications links 
b Secure systems 
t 

The Department of Defense (DOD) customer has long been active on the NTS in a variety of diverse 
programs exercising numerous NTS assets often in concert with maintaining a capability to continue the 
nuclear testing program. The NTS is maintained in a readiness state to resume nuclear testing if the 
requirement arises. Numerous facilities, unique to the nuclear testing program, exist on the NTS. Many 
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of those facilities could be made available to other programs as needed. Some of the current DOD 
customers and programs active on the NTS or within the federally set-aside area around the NTS include: 

b Military Programs - Air Force, Army, Navy, Marine Corps 

Demilitarization programs - Demilitarization Technology Office 

b NTS/TTR Launch Range 
+ 

+ 

Defense Special Weapons Agency programs - Hard & Deeply Buried Target Program 

Multiple Work-For-Others and classified programs 
b 

Future programs should take advantage of the many features unique to a facility such as the NTS. Due to 
its size and geographic location, the NTS lends itself ideally suited for large-scale research, development 
and testing activities. The NTS geology includes at least eight broad geologic medium and is covered by 
a topography that very closely matches numerous threat countries. Future common mission test range 
relationships could be developed with the following facilities and agencies to create broad based DOD 
testing environment. 

b Nellis Air Force Range, Nevada 
b Tonopah Test Range, Nevada 
b White Sands, New Mexico 
b China Lake, California 
b Fallon Range, Nevada 
b National Laboratories - Sandia, Lawrence Livermore, Los Alamos 

In addition to the physical characteristics which make the NTS a unique and valuable national resource, a 
common obstacle for DEMIL programs has recently been eliminated. Environmental hurdles, often 
encountered by largescale projects, have been reduced because of the cooperative relationship between 
the NTS and State and Federal regulatory agencies. The NTS EIS has been recently approved and allows 
considerable latitude for developmental project of numerous types. 

X TUNNEL OB/OD CHAMBER 

The X Tunnel test chamber is a large room, with a 600' access tunnel, mined out of volcanic ashfall tuff 
within Little Skull Mountain, near the southwest corner of the NTS. The test chamber is nominally 35' 
high by 50' wide by 100' long and provides an open volume of approximately 164,000 cubic feet. The 
naturally occurring volcanic ashfall tuff is generally a homogeneous lightly fractured mass exhibiting 
unconfined compressive strengths in the range of 500 to 1,000 psi. The rock quality index ranges from 
0.9 to 1.0. 

The containment barrier located on the portal end of the test chamber is the single most noteworthy 
featurG that distinguishes the X Tunnel facility from other underground test facilities. The containment 
barrier is constructed of a composite of steel and high strength shotcrete and designed for over 400 psi 
prompt instantaneous pressure and over 100 psi static pressure at temperatures exceeding 1,500' F. The 
containment barrier is approximately 4-feet thick by 19-feet wide by 19-feet high. Acceleration response 
of the barrier to previous testing indicated an acceptable capability of up to 200 times the force of gravity. 

The containment barrier houses twelve 4-inch penetrations; four 1 -inch penetrations; one 3/4-inch 
penetration; two utility penetrations; and one large access way. The numerous openings through the 
barrier allow for flexibility in testing objectives. A blast mat structure is installed on the working point 
side of the barrier and has been designed to protect the penetrations from direct contact as a result of 
testing within the chamber. 
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Instrumentation and diagnostics installed to support the OB/OD series of tests include: 

b 

b 

GasParticulate sample and collection system, fielded by Radian, through the barrier 
Air Sampling System, fielded by LANL, through the barrier 
FTIR, fielded by LANL, through the barrier 
Tunable Diode Laser, fielded by SNL, installed within the test chamber 
Containment diagnostics, fielded by BN, throughout the test chamber and barrier 
Shock Phenomenology data collection, fielded by BN, near the barrier 

b 

b 

b 

b 

X TUNNEL OPEN DETONATION TESTS 

The Nevada Test Site @ITS) is very familiar with the handling, transport, storage, and detonation of a 
variety of explosives, test articles and other energetic materials. The demilitarization community is now 
the beneficiary of the many years of experience. 

Numerous bunkers and magazines of varying size and complexity are scattered across the NTS. Bunkers 
located in areas adjacent to the JDT test facility were determined to be most convenient during the 
detonation of the 155mm artillery shells. This storage area also served as an ideal facility for preparing 
and fitting the donor charges to the 155mm shells in advance of placement into the tunnel test chamber. 
Since this activity is performed at a location, separate from the JDT test facility, it occurred in parallel to 
test chamber preparation and experimental setup. 

The Lawrence Livermore National Laboratory was tasked as the principal investigator for the detonation 
series of tests. In that capacity, they have provided BN with technical guidance, scientific interpretation, 
data reduction and analysis. Table 1 identifies the FY97 detonation series of tests conducted at the X 
Tunnel facility, as specified by LLNL. The tests were conducted between the period of December 18, 
1996 and March 19,1997. 

Table 1.155 mm HE M107 projectile test specifics (weight in pounds). 

As one might expect, the detonation of multiple, up to 60, 155mm artillery shells combined with the 
donor explosives creates a tremendous amount of dust and debris which must be characterized and 
removed prior to a subsequent detonation test. Once ventilation is restored and the chamber barrier doors 
are opened, heavy mining equipment entered the chamber to begin cleanup operations. 
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1st of the week following the test was spent removing rocks and dust. Considerable time was also 
spent examining the chamber ceiling and walls for dangerous pieces of shrapnel that may have loosely 
imbedded themselves into the rock. Miners carefully knocked these potential projectiles free utilizing a 
scissors lift to provide access at the 35-foot height of the ceiling. Once the majority of the debris was 
removed from the chamber, the miners then performed a more detailed cleanup that included brooms, 
dustpans, air-water wash systems and even vacuum cleaners. 

The cavity in the floor caused by the force of the detonation was filled after the second, third and fourth 
tests with washed gravel. This is all part of an effort to reduce the amount of pre-existing dust that will be 
suspended in the chamber immediately following a detonation. Chamber preparation techniques were 
improved on with each subsequent test, even as the increasing net explosive weights would have been 
expected to further degrade experiment data with more dust interference. 

X TUNNEL OPEN BURN TESTS 

The Sandia National Laboratories was tasked as the principal investigator for the rocket motor burn series 
of tests. In that capacity, SNL provided BN with technical guidance, scientific interpretation, data 
reduction and analysis. Table 2 identifies the detonation series of tests conducted at the X Tunnel facility, 
as specified by SNL. 

Table 2. Contained rocket motor burn tests in x-tunnel 
I Test Test Date Number of N.E.W.L Inert Weight I 
I Name Type' Executed Assets (pounds) (pounds) 
I SUNSPOT B1 14May97 2 1500' 888 
.THUNDERBIRD B1 28May97 4 3000' 1776 
DAZZLER B2 11 June97 2 1210' 490 

1 - B1 = Burn of NIKE rocket motors; B2 = Bum of Improved HAWK rocket motors 
2 - Net Explosive Weight 
3 - NC/NG (double base) Propellant 
4 - Composite Propellant 

I 

Figure 1, top of page 6, is a representation of the temperatures and pressures expected within the test 
chamber during a rocket motor burn. This data plot was during the DAZZLER test, which utilized 2 
HAWK rocket motors during a low-pressure burn. Other rocket motor burn tests yielded substantially 
higker temperature/pressure characteristics. The THUNDERBIRD test utilized four NIKE Hercules 
rocket motors and yielded temperatures within the test chamber of over 2,500" F. 
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Figure 1 : Plot of temperature and pressure versus time, in the test chamber. 

Figure 2, top of page 7, is a representation of the temperatures and pressures experienced within the test 
chamber during the SUNSPOT test, which utilized 2 NIKE Hercules rocket motors during a low-pressure 
burn. As can be seen on the chart, temperatures of over 2,000’ F and pressures of over 50 psia were 
experienced with serious detriment to the test chamber. Coupled with the extreme environmental 
conditions within the test chamber was the introduction of lead in the form of lead oxide as a component 
of the rocket motor. The lead dispersed throughout the test chamber created a difficult, yet manageable, 
environmental and personnel health conditions which the project team successfully overcame; and, 
without an exposure incident. 
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Figure 2: Pressure/Temperature plot during the SUNSPOT test. 

Preparations for each of the detonation and rocket motor burn tests were quite substantial as numerous 
channels of data were recorded at a location approximately 1,000 feet away. The diagnostics utilized 
during the rocket motor burn tests were supplemented with a portable FTIR unit fielded by LANL. 

As the experimenters calibrated and fine tuned their diagnostic systems in preparation for the test only a 
day away, the test article transportation and handling team loaded the prepared test article into one 
transport vehicle and donor charges into another vehicle. The team members are certified explosives 
handlers and the vehicles are specifically dedicated to explosives transport. The test articles were 
delivered to the X Tunnel facility and, when authorized, were driven into the tunnel to be unloaded. 

The numbers of personnel were kept to a minimum during the test article handling evolution for safety 
reasons. Higher level supervision and safety oversight was performed via closed circuit television. The 
test article and donor charges were moved into the chamber on a system of rollers specifically designed 
for the barrier manway access. The roller system was installed just prior to use and provided for 
increased worker safety by minimizing the required lifting exertion and provided for explosives safety by 
practically eliminating the chance of dropping a test article. 

When the test article was positioned in accordance with the experiment requirements and final physical 
connections were made to the detonators, the team evacuated the chamber; and closed and locked the 
manway door. The key was maintained in the custody of the arming and firing leader and the lock was 
not removed until after completion of the test. Since access to the test articles was not possible, 
experimenters were once again free to enter the tunnel up to the barrier face to perform any final 
diagnostic adjustments. 

7 



8 

On the day of test execution, the number of personnel at the portal area of the X Tunnel facility was 
strictly limited to those persons who directly contribute to the test execution, safety monitoring, or 
diagnostic data recording. This policy is enforced to minimize the remote possibility of an accidental 
malfunction or uncontrolled release of harmful gases. The participants were accounted for by name and 
trailer location. The test director maintained a master list of ail participants. The access list was available 
to confirm a successful and complete evacuation, should one be necessary. 

A countdown to test execution commenced at a predetermined time culminating in initiation within the 
underground test chamber. Scientists measuring blast phenomenology data report indications of complete 
detonationhum and then quickly follow with discrete temperature and pressure readings. When these 
conditions drop to levels acceptable to the multiple sampling trains, permission is granted to open 
sampling valves and begin the capture of data. 

The face of the barrier was carefully watched throughout each of the tests via CCTV. The existence and 
quantity of gases released is assessed and, when appropriate, the safety supervisor and internal health 
technician proceed to the tunnel portal (entrance) to remotely measure the atmosphere at the barrier face. 
After confming that the barrier's integrity has ,not been breached, the tunnel ventilation fan is restarted 
and the tunnel, up to the face of the barrier, is considered a fresh air station. 

The sample valves on the face of the containment barrier were ordered to be closed as soon as the test 
chamber sampling activity was considered complete. The tunnel was then ready to receive the reentry 
party made up of trained mine rescue personnel. The reentry party utilized self-contained breathing 
apparatus; as necessary, depending on levels of harmful gases. The purpose of this reentry was to allow 
the experimenters an opportunity to obtain their grab samples from the face of the containment barrier. 
Upon completion of this activity, all personnel exited the tunnel, the portal doors were closed and the post 
test ventilation system was activated. 

The post test ventilation system supplies compressed air from two diesel air compressors through a piping 
system into the chamber. A chamber exhaust pipe located in the opposite corner of the chamber from the 
compressed air inlet allows the chamber gases to be mixed with the incoming fresh air and exhausted. 
This system is typically allowed to run through the night resulting in five to seven complete chamber air 
exchanges. The effectiveness of the ventilation exchanges is verified via the real-time gas analysis 
system and the compressors are secured. 

The day following the test is consumed by the reentry into the test chamber. The reentry team consists of 
an experienced miner to assess the integrity of the rock ceiling and walls in the chamber; an explosives 
expert to inspect for any remaining energetic material and confirm successful detonation; and, an internal 
health specialist to monitor the chamber atmosphere too further confirm the remote readings taken 
previously were accurate. During this evolution, all members wore their self-contained breathing 
apparatus. The test chamber was ventilated and full access restored when each of these experts makes a 
positive report that the chamber is safe for uncontrolled reentry. 

All of the hazards associated with the demilitarization experiments have been thoroughly evaluated and 
addressed in a reviewed and approved Hazards Analysis Report. This document mandates the actions and 
precautions 'that must be complied with, for each potential hazard. The step-by-step guidance that walks 
the team through every step of the experiment, which has the potential for hazardous conditions, is the 
Operational Safety Procedure. This document builds upon the Hazards Analysis Review and ensures that 
every step is approached with safety being the first priority. 

- - 
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?TS TaDD ACTIVITIES 

See the attached paper prepared by E. Riley Byrd and Mark W. Decker, of Lockheed Martin Missiles & 
Space. 

CONCLUSIONS 

The detonation and rocket motor burn series of tests have demonstrated that the demilitarization OB/OD 
emissions characterization chamber performs as designed. Conditions within the chamber have varied 
from extremely high instantaneous pressure prompts with a detonation fireball; to high-sustained 
temperature/pressure profiles. The chamber has survived those conditions and is in a condition to 
continue OB/OD detonations with a minimal of refurbishment. 

The NTS has numerous assets available to the Demilitarization community and can offer a variety of 
testing mediums and expertise. Coupled with the availability of an approved Environmental Impact 
Statement, the NTS has recently become a more friendly facility to locate new and innovative projects. 
As a research and experimental center dedicated to the completion of safe, cost effective and timely 
projects for each and every customer, the NTS cannot be replicated. 

For additional information on the NTS and its capabilities, contact the Demilitarization Programs 
technical manager at (702) 295-0989 or the strategic manager at (702) 235-0143. 
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