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Abstract: 

This document is the safety evaluation for the Texas Test Rig (TTR) 
Laboratory. It's primary function is the identification of hazards, their 
mitigation and an appraisal of the overall safety of the TTR and its 
operation. 
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1.0 Introduction 

The Superconducting Super Collider Laboratory (SSCL) is a high energy physics 
research laboratory operated by the Universities Research Association (URA) 
under contract from the Department of Energy (DOE). The GEM (Gamma, 
Electron, Muon) Collaboration has constructed a test facility at the SSCL to 
evaluate several muon-chamber prototypes, the Texas Test Rig (TTR). 

This document presents a Safety Evaluation (SE) for the TTR. The TTR is 
located at the south end of Building 4 of the Stoneridge complex in Dallas, Texas. 

1.1 Purpose and Method of Safety Evaluation 

From the outset, basic design concepts and design reviews of the TTR have 
included safety considerations and safeguards for personnel, the environment, 
property, and equipment. The purpose of this SE is to document the identified 
potential hazards and present the methods used to prevent or control hazards to 
the degree necessary to operate and maintain the TTR in a safe manner. One 
principal goal of the SE is to assure, by its review, that all environmental 
protection, safety, and health matters have been identified and, even more 
important, have been adequately addressed in the design and future operation of 
theTTR. 

An SE presents a basic safety analysis of potential hazards associated with 
systems and operations. Their mitigation and control actions and requirements 
are also documented. Some 66 potential hazards have been classified and 
analyzed by the laboratory team. Hazard identification reveals that the TTR has 
hazards associated with electrical equipment and the presence of flammable 
gases. For convenience, the primary hazards in the hazard analysis have been 
divided into four categories - electrical, general, personnel, and fire/explosion. 

Documentation of potential hazards and risks was provided by those engineers 
responsible for the systems and equipment. This method served as a primary 
means for hazard identification and influenced the different measures taken to 
mitigate or control the potential hazards through the design and installation 
phases. 

The provision of safe working conditions for employees and prevention of 
damage or loss to Laboratory property is of paramount importance to the SSCL, 
DOE, and the public. 

The following report sections include: (2.0) an overview of the physical facility, its 
systems and principal equipment; (3.0) a discussion of site specific hazards in 
twelve categories; and finally (4.0) an explanation of the mitigation methods for 
those hazards which can be controlled. A summary of each hazard is enclosed 
in Appendix A. Appendix B contains abbreviations and acronyms of safety 
related terms. 

1 
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1.2 Safety Assessment and Conclusion 

This report describes the objectives, physical layout, and specific function of the 
TTR. It is the primary safety evaluation and assessment document for this facility. 
The TTR Laboratory is found to be a low risk facility (as defined in DOE 5481.18, 
Chapter II, paragraph 5). It is concluded that the laboratory is safe as built and is 
safe to conduct experiments as planned. 

Extensive safety review of the design and operation is demonstrated by the 
hazard analysis included in the body of this evaluation and in Appendix A. Safety 
was an inherent part of the equipment design process and operational planning 
review. Risks have been minimized to an acceptable level by design safety 
features, development of operational safety procedures, development of 
supplemental emergency procedures, and planned training and administrative 
controls. 

2 
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2.0 Overview of TIR 

The TIA Laboratory is a ground level laboratory located at the SSCL Stoneridge 
complex. The TIA is contained in one room with computer facilities located in an 
adjacent room. 

The laboratory has been designed and constructed, and will be commissioned, 
operated, and maintained by the Physic Research Division (PRO). The TIA 
Laboratory has been classified as business occupancy, ordinary hazard per the 
NFPA 101, Life Safety Code and as Group B, Division 2 per the Uniform Building 
Code (UBC). The laboratory is in compliance with the occupancy safety 
requirements of NFPA 101 and the UBC per the above classification. 

2.1 Laboratory Objectives 

Evaluation will serve to select the detector technologies to be used in the GEM 
Muon System. Optimization of the muon system is one of the critical goals of the 
whole GEM R&D program since precise and robust muon measurement is one of 
the major features of the GEM detector and the muon system is the most 
expensive GEM detector subsystem. 

2.2 Laboratory Layout 

The workspace includes the TIA, the laser experiment, a computer room, a gas 
storage pad, a clean room, a 2-ton gantry for lifting and installing detector 
technologies, and numerous instrumentation. The layout is illustrated in Figure 
2-1. 

2.3 Principal Components 

The TIA will consists of an iron toroid, two planes of scintillation counters (one 
above and the other below the magnet), two layers of Iarocci tubes above and 
two layers below the magnet, and several compartments to place the muon 
chambers under test. The frame and magnet portion of the TIA is shown in 
Figure 2-2. The dimensions of the largest muon-chamber prototypes will be 4m 
X 1 m X 0.3m. Each of the TIA compartments will be about 5 m long, 2.1 m wide 
and 0.35 m high, so that it can accommodate larger prototypes in the future. It 
will contain a complex gas system, since each technology will use their own gas 
mixture. Information from about 1000 channels of Time-Digital Converters (TDC) 
and Amplitude-Digital Converters (ADC) will be read by a Data Acquisition 
System (DAO) and then processed on the off-line computers. 

2.3.1 Magnet 

The 1 m thick iron of the magnet will harden the cosmic ray spectrum to muon 
momenta greater than 1.4 GeV. The muon spectrum can be further hardened 
(muon momenta greater than 5 to 10 GeV) by imposing off-line cuts on the 

3 



.j>. 

EMERGENCY 
POWER OFF 

OFFICE AREA 

ENMET 
GAS DETECTOR 

0 

CLEAN ROOM 
TRAY L FIRE ' 

~.-:.====:!J. _ -!Xf,UISHERS 

I lf~fh1G I 
[ _____ -' 

' I ----------._ 
TRAYS- - - - '--...._ BARRICADE 

FIRE 
EXTINGUISHER 

TANKS 

~~fll~ICAL 

' 

I o 100 
EMERGENCY 
FAN FIRE 

EXTINGUISHERS 

'1 FIRE 
1EXTINCUISHER 

Figure 2-1 Texas Test Rig Laboratory Layout 

i 

FIRE 
EXTINGUISHER 

5 

~ .J 



JTB Safett Eyaluatign GEM-TN-92-151 

deflection of the muon track before and after it traverses the 1.4 Tesla magnet; 
this will be done in order to keep the systematic error introduced by multiple 
scattering small compared to the expected resolution of the chamber prototypes. 
The muon direction above and below the magnetized iron is determined by using 
four planes of Iarocci chambers. The magnet was manufactured to an SSCL 
design to optimize unique applications for the TTR. 

Figure 2-2 TTR Frame and Magnet 

5 
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2.3.2 Sclntlllatlon Counters 

The scintillation counters will provide both the trigger and the start signal for the 
TDC's. The scintillation counters will be 2.7 m long, 20 cm wide and 2.5 cm thick. 
There will be two layers, each of an area 5m X 1.2m; this will require 24 counters 
and 48 phototubes. 

2.3.3 DAQ and Trigger Electronics 

The coincidence of the signals from the scintillation counters and the four levels 
of Iarocci chambers will be the trigger for the data acquisition system (DAO). The 
SSCL group will provide the trigger electronics, DAO computer, mass storage, 
interface cards computer to CAMAC, and crate controllers. The proponents of 
the technologies will provide the CAMAC crates, the TDC and/or ADC modules, 
power supplies and the interconnecting cables that are required. The proponents 
will be responsible for making their prototypes operational at SSCL. The SSCL 
group will develop the basic data acquisition software in coordination with the 
DAO liaison person of each of the proponent institutions. 

2.3.4 Data Analysis 

The SSCL will participate by making computing resources available and helping 
with the design and construction of the software. However, each proponent will 
be responsible for providing any technology-specific software, including any 
necessary calibration software. 

2.3.5 Iarocci Tubes 

The Iarocci chambers will provide both the trigger and a measurement of the 
incoming and outgoing directions of the muons. Each of the four planes of Iarocci 
chambers will provide X-Y position measurement with a cell size of 1 cm for each 
coordinate. The Institute for Beam Particle Dynamics at the University of Houston 
will provide the Iarocci chambers, strip boards, front end electronics, and CAMAC 
read out system. The gas system, high voltage supply, gas, and monitor/alarm 
system will be provided by SSCL. 

2.3.6 Gas System 

The prototypes use different gases (mixtures consisting of up to 4 gases). Most 
normal operating pressures for the technologies are expected to be slightly 
above atmospheric. Some will be higher than 5 psig, 20 psig and, in the case of 
the laser experiment, may go to 150 psig. The proponents of each technology 
will provide their own gas mixture requirements. The gas mixers have been built 
according to the applicable SSCL safety regulations and standards. The SSCL 

6 



• 
TTR 

r - -

r--·-, 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
' ' 
' ' 
' ' 
' ' ' ' ' ' 
' ' 
' ' LJ 

~ • 
~ 

Safe GEM-TN-92-151 h Rvaluatign -----""""'.;------....!.U.=---

~ 
~ 

u I I 

D 
I I 

-

~ 

• ,--
I 

I "---r::: I 
I 

i ~ r 
~ H ~ !~ 

I ~~ . ~- 1~ • 
~ 

~ ! ;;i 
~ i . ~ ..; E' • 

r:;; ' , 
A 

I~ = 
§ • l ~ r 

~§ 
~v-

tr 
7 



TI'R S•fett EuJuatmg GEM-TN-92-151 

will provide a complete gas system as a backup system for any of the 
technologies. The SSCL will also provide exhaust and alarm systems as well as 
the racks for the gas bottles. 

2.4 Laser Experiment 

Separate from the main structure of the TTA is a "small" experimental facility to 
study the properties of gaseous detector elementary cells. The setup is 
characterized by a small scale of the detector prototypes to be studied. The wide 
variety of experiments performed with this unit requires frequent changes of the 
detector type and configuration. Initial configuration and components of the laser 
experiment are shown in Figure 2-3. 

2.4.1 Ultra-Violet Laser Beam 

Tests of various types of detectors make use of a nitrogen UV laser beam as a 
source of ionization in detector sensitive volume (the laser wavelength is 337 nm, 
pulse energy is 0.25 mJ, rate is 20 Hz). 

2.4.2 Pressurized Chamber 

The small pressurized chamber allows the insertion of various drift cells into it 
(Figure 2-4). The chamber has two glass windows with specially designed 
gaskets, two slotted frames screwed to the flanges, and two viton o-rings 
providing gas and pressure sealing. 

The volume of the pressurized chamber is about 1.3 liters (0.045 cubic feet), and 
will accommodate up to 1 O liters (0.45 cubic feet) of gas at 1 o atmospheres (150 
psig). The concentration of flammable components (ethane, isobutane) in the 
gas mixture inside the chamber will not exceed 50%. 

2.4.3 Miscellaneous Components 

Technology testing for the laser experiment has "few" electronics channels 
exposed to either a known radioactive source or cosmic rays. For these 
purposes we have designed the frame with shelves to support the scintillators, 
detector prototype (like a stack of straw tubes), and Iarocci tubes. 

The laser experiment will use positive high voltage power supplies (up to + 1 o kV) 
for the gaseous detectors, and negative high voltage power supplies (up to -3.3 
kV) for the scintillator counters. One of the options calls for the use of an 
avalanche photodiode for laser beam detection in the laser experiment, which 
requires about 100 V negative voltage. 

Shown in Figure 2-3 is the general setup for the laser experiment, including the 
two main sections. Both systems have the capability to operate at high (up to 1 o 
atmospheres) pressure and normal (ambient) pressure. They also have the 
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capability to switch from one setup to another by modifying the tubing 
configuration of the gas panel and detectors. 

() 

() 

Figure 2-4 Gas Chamber for the Laser Experiment 
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3.0 Specific Hazards 

3.1 Electric Hazards 

Potential electrical hazards are encountered in the power supplies, power switch, 
and associated data acquisition modules. The primary potential hazard 
associated with this equipment is electrical shock at high voltage, or burn (i. e. 
arcing), and the possibility for overload, equipment damage, and fire. 

3.2 Structural Hazards 

There are no significant structural hazards for the main TIA frame. Analysis has 
been accomplished that show a minimum factor of safety of 1.5 for the type of 
loading anticipated for the various technologies. 

3.3 Magnet Test Hazards 

Magnetic field strength at approximately 3 meters from the magnet, while 
operating at the maximum current load available, is about 10 Gauss. (See 
Appendix D) Pacemaker Warnings shall be posted. There will be a barricade 
around the magnet during operation. Unauthorized personnel shall not be 
permitted near the magnet during actual testing. (See Figure 2-1) 

3.4 Laser Hazards 

The laser experiment uses a Class 1118 laser. Laser goggles will be required 
when aligning the beam. Unauthorized personnel shall not be permitted near the 
laser experiment area during actual testing. Personnel shall receive laser safety 
training. Laser operating procedures will be followed. 

3.5 Noise Hazards 

There are no significant noise hazards associated with the TIA. An exact 
measurement of the actual noise level will be made after the Laboratory is 
commissioned. 

3.6 Egress Hazards 

The TIA Laboratory has been classified as business occupancy, ordinary hazard 
per the NFPA 101, Life Safety Code and as Group B, Division 2 per the Uniform 
Building Code (UBC). Exit distances, fire door ratings, and aisle space all comply 
with NFPA 101 requirements for a business occupancy. 

The TIA Laboratory has three entrance/egress points. (See Figure 2-1) There 
are three doors leading into the main TIA room as the floor plan indicates. The 
roll-up door is not considered an exit under the life safety code. The SSCL 
security system controls access to the south exterior door. However, it has a 
touch sensitive door exit button allowing for quick exit at any time. In the event of 

10 
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a power failure, the magnetic lock would release and the door could be opened. 
The north and west doors, leading to an interior office area and then to a building 
exit, have a mechanical lock and key, and can be opened from inside the 
laboratory without a key. The facility and egress scheme meet NFPA 101 Life 
Safety Code. 

3.7 Security Hazards 

The TIA security system will guard against unauthorized personnel access to the 
TIA laboratory. In addition, the entrances on the north and the east into the 
TIA room and the west door into the Computer room will be secured when no 
one is present in the laboratory. These doors have a mechanical key-lock. Only 
authorized laboratory staff will be issued this key and the connecting workshop 
will have a digital keypad at its entrance. There is the roll-up door, on the east 
side on the TIA room, which can be opened only from the inside. This door will 
only be open when a number of the laboratory staff are present. 

Thus, it is improbable that personnel can inadvertently enter this restricted area, 
or have damage result from a security lapse. In the event of a power failure, it is 
the responsibility of SSC Security Staff to restore laboratory security. 

3.8 Environment Hazards 

TTA will not produce ionizing radiation and therefore no special radiation 
shielding is required for the experiment. Any chemicals or toxic substances used 
during maintenance will be strictly monitored, handled, and tracked. All TIA 
aspects will be in accordance with applicable environmental local, state, and 
federal regulations, and laboratory environmental policy. The TIA will comply 
with the requirements of EPA and NFPA. It is SSC Laboratory policy to prevent, 
eliminate and control any environmental hazards. 

3.9 Fire Hazards 

Some of the experiments planned for the TIA include the use of ethane and 
isobutane gases (total flow of flammable gas will be less than 3 ms per day), in 
addition to several inert gases. Most normal operating pressures for the 
technologies are expected to be slightly above atmospheric. Some will be higher 
than 5 psig, 20 psig and, in the case of the laser experiment, may go to 150 psig. 
Mitigating action for the use of flammable gases include the use of metal tubing 
and hoses that meet code, storage of the gas cylinders on an outside pad, 
discharging all vent gases outside of the laboratory, the installation of gas leak 
detection sensors (alarming at the 10% and 20% LEL respectively), emergency 
fan ventilation, and the low volume of gases used in the TIA. An ENMET 
detection system has been installed as the primary gas leak detection system, 
and the system supplied by the University of Houston has been installed as a 
secondary means of detection. 

11 
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The TTR Laboratory was unclassified per NFPA 70, National Electric Code, 
because of the above mitigating actions and the low likelihood that a flammable 
mixture would be present. 

Emergency response procedures will be provided in accordance with the SSCL 
Emergency Response Plan. 

Methodology to minimize fire hazards was incorporated in the TTR planning and 
design phases. Fire suppression equipment at the TTR conforms to NFPA 
requirements. 

Normal building fire protection is an automatic wet sprinkler system. The water 
system is of adequate pressure and supply volume to meet NFPA requirements. 
Portable chemical extinguishers for suppressing class A, B, and C fires will be 
provided within the laboratory and at the gas bottle storage area. 

3.1 o Materials Handling Hazards 

Potential for materials handling hazards is greater during maintenance and 
preparation activities than during the operational testing. OSHA regulations for 
material handling will be followed. Equipment damage and personnel hazards 
unique to TTR are those material handling activities related to moving of heavy 
tables and related heavy equipment. TTR personnel receive the greatest 
exposure to these potential hazards during equipment installation. Special 
considerations will be given to movement, installation and removal of the test 
components. 

Gantry operators will be qualified through SSCL approved gantry training. Crane 
operating training shall be provided to all the operators or team leaders of the 
gantry. Due precautions and safeguards will be exercised to prevent damage to 
electrical buses, HVAC and gas lines in range of the gantry. 

3. 11 Radiation Hazards 

There will be a low-level (micro-curie) radioactive source in use for the laser 
experiment. This source is used for calibration and testing of the various TTR 
technologies. 

Radiation badges shall be issued and worn by all TTR personnel working in any 
area a radiation source is used. Proper warning signs and approved source 
storage practices shall be employed as appropriate. 

3.12 Oxygen Deficiency Hazards 

An Oxygen Deficiency Hazard (OOH) analysis has been performed. (See 
Appendix C) The low volume of gases being used (<750 cfm into the TTR room), 
coupled with the high ventilation rate (minimum of 6 air changes per hour) and 
the storage of the gases outside, gives the TTR laboratory an OOH rating of zero. 

12 
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3.13 Mechanical Hazards 

The presence of 150 psig pressure in the gas chamber for the laser experiment 
presents a potential mechanical hazard. Because the cross section diagonal of 
the chamber is less than six inches, it does not fall under the jurisdiction of ASME 
Section VIII, Divisions 1 or 2, the Boiler and Pressure Vessel code. It does not 
fall under ANSI B31 code series for pressure piping systems because the 
operating pressure does not exceed 150 psig. The chamber has been designed 
to handle pressures greater than 150 psig. It has been statically tested by the 
SSCL L TS Vacuum Group with a pressure of 150 psig and a vacuum of 1 x 1 o-7 
atmospheres. The gas chamber has been identified with a serial number of 
KOLC 101 by the same group. 

13 
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4.0 Potential Hazard Mitigation 

The best hazard mitigation is safe system design. Design analyses were an 
important element in the identification and prevention of potential hazards. This 
SE identifies potential hazards, and it describes actions taken to reduce or 
mitigate those hazards which can be controlled through the system design, 
operation, and maintenance. 

During the planning process the basic philosophy was: 

*Design to minimize probable risk 
• Provide warning devices 
* Develop safety procedures and safety training 
• Provide protective equipment. 

4.1 Design Safeguards for Minimum Risk 

During the TTR conceptual design phase; safeguards were put in place to control 
hazards. The design philosophy was that, if a potential hazard cannot be 
prevented or an identified hazard cannot be eliminated, then reduce the 
associated risk to an acceptable level as defined by DOE. The laboratory design 
follows applicable DOE and SSCL orders, codes, engineering standards, and 
safety design criteria. 

Application of SSCL approved Engineering Standards and Guidelines is one 
factor contributing to safe designs. Reliability and safety requirements also 
influenced the design. Design standards, such as NEC, ASME, and ANSI are 
being prudently employed, along with OSHA and EPA rules, to ensure that 
systems are designed and constructed with inherent safety. This includes the 
control of hazardous energy as required by OSHA Standard CFR 1990.147 for 
any source of significant stored energy: electrical, mechanical, hydraulic, 
pneumatic, chemical or thermal. Important design considerations are 
documented below for three areas: electrical, cryogenic, and mechanical. 

4.2 Electrical Design Safety 

The control and instrumentation systems comply with DOE/EV-0051 /1, Electrical 
Safety Criteria for Research and Development Activities, Exhibit E 
Instrumentation and Control Systems. Equipment and personnel safety was 
improved by the following design actions: 

*Perform concept stage hazard analysis 
*Shut down all electrical components of the TTR when a gas leak of greater than 
20% LEL occurs. 
*Isolate open voltage taps 
*Follow electrical design standards, i.e. National Electric Code NFPA 70 and 

NFPA 79 
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*Comply with DOE 6430.1 A, General Design Criteria, Section 16, Electrical 
System 

*Follow DOE/EV-0051/1, Electrical Safety Criteria for Rand D Activities 
*Comply with ANSI I IEEE C-2, National Electrical Safety Code 

Pre-operational laboratory acceptance testing will include: 

*Verify electrical design integrity through testing of each technology prior to 
installation 
*Verify software by simulations and preliminary tests 
*Provide operational safety procedures 

In addition are the continuing methods for electrical hazard mitigation during 
operations: 

*Provide electrical safety training 
*Operational testing prior to full system operation for each equipment addition 
*Follow maintenance requirements including periodic calibrations 

4.3 Mechanical Design Safety 

Particular attention was placed on the design approach for mechanical items. 

Hazards associated with the gantry and other auxiliary systems are mostly 
mechanical in nature, dealing with heavy loads, gas plumbing, rotating pumps, 
and ventilation fans. Procedures will be developed to protect the power supplies, 
electrical buses, and gas lines from damage, and to protect personnel from 
injury related to handling heavy objects. Structural and design analyses were 
performed on the TTR frame and the laser experiment's pressurized gas 
chamber. 

4.4 Access Control and Hazardous Warning Devices 

Access to the TTR laboratory will be strictly controlled. Visitors entering the area 
will be escorted. The SSCL staff escorts will be trained in safety requirements 
and familiar with the equipment and test operation of the laboratory. 

4.5 Fire Protection 

The most essential purpose of fire protection is life safety. TTR meets general 
SSCL design requirement for new buildings under applicable NFPA codes. 
Common sense rules play a large role in mitigating fire hazards. This means 
simply that isles must be kept clear, egress from the laboratory be easy and 
never be obstructed. Access to emergency shut-off switches must remain 
available. This is the real meaning of laboratory housekeeping. 

Emergency response will be provided in accordance with the SSCL Emergency 
Response Plan. Operational fire hazard mitigation will include policies, programs 

15 
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and procedures developed by ES&H Oversight and the Fire Protection Section of 
the ES&H Department. These will include programs to control normal operating 
hazards such as flammable/combustible liquids, smoking, portable heaters, 
system impairments, electrical hazards, and other fire hazards through scheduled 
and unscheduled inspections. 

The ES&H Fire Protection Program provides for acceptance testing, as well as 
periodic inspection, testing and maintenance of all fire protection equipment. 
Acceptance testing of all Fire Protection equipment will be performed in 
accordance with applicable NFPA Standards and records shall be maintained. 
Periodic system and equipment inspection, testing and maintenance will be 
performed in accordance with approved GEM-TN-92-157, TTR Laboratory 
Maintenance Procedure. Response to a fire in the TIR Laboratory is detailed in 
GEM-TN-92-152, TIR Laboratory Emergency Procedures. 

4.6 Operational Safety Procedures 

As a safeguard, a policy has been established to minimize the number of 
unnecessary personnel in the laboratory while high current electrical power is 
applied. Other procedural mitigation of hazards is an important element in 
assuring an acceptable level of safety is achieved for the TIR. Procedures have 
been instituted for operation of the TIR, including safe work permits and the 
lockout I tagout requirements of DOE Order 5480.19, OSHA 29 CFR 1910.147, 
and the SSC ES&H Manual. 

Appropriate operational safety policies, procedures, and programs shall be 
implemented prior to TIR operations. As of this writing, the TIR specific 
procedures included: 

*GEM-TN-92-153, TIR Laboratory Start Up Procedure for Test Chambers 
*GEM-TN-92-154, TIR Laboratory Purging Procedure for Test Chambers 
*GEM-TN-92-155, TIR Laboratory Leak Check Procedure for Test Chambers 
*GEM-TN-92-156, Laser Operational Procedure for the TIR Laboratory 
*GEM-TN-92-157, TIR Laboratory Maintenance Procedure 
*GEM-TN-92-158, Gas Emission Tracking Procedure for the TIR Laboratory 
*GEM-TN-92-159, TIR Laboratory Shut Down Procedure for Test Chambers 
*GEM-TN-92-160, TIR Laboratory Change Over Procedure for Test Chambers 

4.7 Medlcal Certification for OOH 

Employees assigned to work in the TIR do not need an OOH physical. Also, 
OOH monitors and alarms are not required with an OOH rating of zero for the 
TIR laboratory. 

4.8 Safety Training 

In addition to the ES&H training of all SSCL employees, the following training is 
required of employees assigned to the TIR: 
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*Lockout I tagout procedure 
*Electrical I electronic shock hazards 
*Crane and rigging training for crane operator leads 
*Fire Extinguisher training 
*TTR emergency procedures 
*Lifting procedure 
* Radiation Safety training 
• Laser Safety training 
* Compressed Gas safety training 
* Swagelok fitting and valve installation and safety training 

17 
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5.0 Emergency Preparedness 

Emergency preparedness for the TIA will be done in accordance with Chapter 2, 
Section 1 of the SSC Environment, Safety, and Health Manual and the SSC 
Emergency Preparedness Plan. 

Emergency Procedures for electrical, radiation, fire, and gas leak emergencies 
are detailed in GEM-TN-92-152, TIA Laboratory Emergency Procedures. All of 
these require the evacuation of personnel and the shut-down of the TIA via the 
Emergency Power Off (EPO) switches. 

5.1 Protective Equipment 

Personal protective equipment (helmets, steel toed shoes, safety glasses, safety 
belts, etc.) shall be provided as needed in accordance with OSHA and SSCL 
ES&H requirements. Due to the small size of the laboratory and close proximity 
of exits, 5-Minute Escape Packs or other breathing apparatus are not required. 

Other hazard mitigation actions that will assure an acceptable level of safety for 
the TIA may from time to time require the use of personal safety items such : 
ear, eye, head, or foot protection to reduce the probability for injury. 

5.2 Quality Assurance 

Documentary evidence of quality and contract compliance gathered during the 
installation and testing of the power supplies and major components of the TIA 
Laboratory will be maintained by the individual(s) performing the work. Specifics 
are outlined in the operating procedures listed in Section 4.7 and can be made an 
entry in the appropriate test technology log book. 

18 
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APPENDIX A HAZARD ANALYSIS 

A.1 Methodology 

A.1.1 Purpose 

The purpose of this practice is to establish a uniform process for conducting the 
initial or "Conceptual" hazard analyses and risk assessments for Texas Test Rig 
(TTR). The hazard analysis process documents specific hazards, risks and 
mitigation actions (planned or implemented) to prevent or eliminate hazards. 
The hazard analyses also facilitates early identification of hazards allowing for 
hazard prevention, elimination, anc:l/or control. Risk assessment and mitigation 
actions are products of a thorough hazard analysis and safety review process. 
A summary of the hazard analyses becomes an integral component of the 
Safety Evaluation. 

Consistent with the DOE Safety Analysis and Review System, hazards which 
can cause death, injury, or occupational illness, or damage to facilities, systems, 
subsystems or equipment must be identified. Risks will be assessed, and 
mitigation actions taken to reduce hazards to acceptable risk levels. The 
hazard analysis addresses the adequacy of the preventive or mitigative design 
features and administrative controls provided to limit the probability of adverse 
occurrence or the severity of a hazard. 

A.1.2 Conceptual Hazard Analysis Criteria and Guidelines 

When evaluating hazards and determining adequate mitigation action, safety 
design and operational requirements were investigated by the design 
engineers. The following order of precedence for satisfying system safety 
requirements in the conceptual and technical selection process. 

1) Design for Minimum Risk. From the first, design to 
eliminate hazards. If a hazard cannot be prevented or an 
identified hazard cannot be eliminated, reduce the associated 
risk to an acceptable level (as defined by DOE Orders) 

2) Incorporate Safety Systems and Safety Devices. If the 
design cannot feasibly reduce risk to an acceptable level, 
provide the use of inherent safety systems and/or fixed, 
automatic protective safety design features or devices. 
Testability provisions shall be made for periodic functional 
checks of safety devices and safety systems when applicable. 

3) Provide Warning Devices. When neither design, safety 
systems or safety devices can adequately reduce associated 
risk, devices shall be designed and used to detect the 
condition and to produce an adequate warning signal to alert 
personnel of the hazard and allow personnel to avoid hazards. 

Human factors considerations shall be included in the design 
schemes to prevent confusion and human errors. Warning 
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signals and their application shall be designed to minimize the 
probability of incorrect personnel reactions to the signals, 
alarms, cues, or other methods which shall be standardized 
between the different types of systems, whenever possible. 

4) Develop Safety Procedures and Safety Training. 
Where it is impractical to adequately reduce the associated risk 
with safety and warning devices, or procedures, training shall 
be used. Technical and safety training shall be provided to 
cover all tasks which have been determined to be hazardous. 

Considerations for training and procedures shall be validated 
and verified by working groups and safety committees. To 
provide inadequate training or to write procedures which are 
not followed or enforced will have negative results. Training 
must be thorough. Procedures must have a step-by-step 
checklist with the applicable precautions, warnings, and notes 
on operating limitation and emergency procedures. 
Procedures are to be clear and must be task-oriented. 
Procedures may include the use of personnel protective 
equipment. Special Safety procedures shall be written. Both 
Tasks and activities judged to be critical by DOE or PAD ES&H 
Management may require certification of personnel proficiency. 

DOE Design Safety Criteria for Risk Reduction 

Department of Energy Orders addressing ES&H and General Design Criteria 
are applicable to safety applications. When determining design safety criteria 
and requirements, the cognizant engineers use these and other required safety 
documents and engineering standards. 

Many design standards and guidelines, such as applicable sections of ANSI, 
IEEE and ASME codes have safety related criteria. These will be evaluated to 
determine applicability to the TTR designs. Codes that are not directly 
applicable or suited to the specific technology of the TTR detector are being 
evaluated on a case-by-case basis to determine if the design criteria is 
applicable. Applicable criteria will be considered as requirements or guidelines 
in the areas of safety technology. Use of many specific engineering standards 
and commercial codes will help ensure that best engineering practices and 
safety design practices are followed. 

A.1.4 Risk Assessment 

The Risks Assessment Matrix and the Severity of Consequences, Figures A-1 & 
A-2, was provided to assist in the hazard analysis process. It is used to classify 
hazards by severity, frequency of occurrence, risk levels of acceptability or 
unacceptability. This matrix was used by the engineers when analyzing and 
assessing the risk of each identified hazard. Hazards which fall in the medium 
to high level of risk must be reduced to a low level of risk. In no cases are 
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unacceptable risks permitted. The matrix was designed in accordance with 
DOE 5481.1 B and associated references. 

A.1.5 Responslbllltles 

The SSC Laboratory ES&H Manual clearly spells out the safety policy of the 
Laboratory Director and the safety responsibility of Supervisors. The Associate 
Director of PAD is responsible for the design safety of detectors (hardware, 
software, personnel, procedures). The ES&H Oversight Office is responsible for 
ensuring compliance with DOE requirements. The ES&H System Safety Group 
is responsible for coordinating the safety hazard analysis and review effort and 
assisting in the development of methodologies and techniques required for 
development of the SE. 

A B C D E F 
Frequent Probable Occaslonal Remote Improbable lmposslble 

1 

catastroph le 

2 

Crltlcal 

3 

Marglnal 

4 

Neg Ilg Ible 

FIGURE A·1 RISK ASSESSMENT MATRIX 
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I severity of conseauences 
Descriptive Personal Equip- Test Unit Data Environmental 

Word Illness/ ment Downtime Compromise Effect 
lniurv Lossls) 

1 Catastrophic Death >5DOK >4 Data never recoverable Long-Term (5 yrs or greater) 
months or primary program environmental damage or 

objectives lost requiring $500K or more to 
correct and/or in penalties 

2 Critical Severe injury or 100K to 2 weeks Repeat of last program Medium-term (1-5 yrs) 
severe 500K to environmental damage or 
occupational 4 months requiring $100K-5DOK to correct 
illness and/or in oenalties 

3 Marginal Minor injury or 1K to 1 day to Repeat of last Short-term (less than 1 yr) 
minor 100K 2 weeks period environmental damage or 
occupational requiring $1K-1 DOK to correct 
illness and/or in oenalties 

4 Negligible No injury or <1K < 1day Repeat data point Minor environmental damage 
illness or data requires that readily can be repaired or 

minor manipulation or requiring less than $ 1 K to 
comDuter rerun correct and/or in oenalties 

Probabllltv of Mishap Risk Zones 
.l.llt..I DHcriptlve 

Yl2L!I 
Definition kR.ll.i Action 

A Frequent Likely to occur a HIGH Imperative to suppress repeatedly 
B Probable during Illa cycle of syst. risk to lower level 

Likely to occur several [WJ MEDIUM Operations requlras written, c Occasional times In Illa cycle of 
syst. · time waiver endorsed by Mgmt 

D Remote Likely to occur sometime 

~ LOW Opsratlon parmissabla 
in Illa of system. 

E Improbable Not likely to occur In Illa 
. cycle of system. 

Note: PERSONNEL must not ba exposed F Impossible Possl. of occurrence 
cannot ba distinguished to hazards In Risk Zones 1 and 2 

from o. 
Physically impossible to *Adapted from MIL·STD-8828 
occur 

Figure A·2 Severity of Consequences 

A.2 Hazard Data Worksheets 

Specific hazards are summarized from the Hazard Data Worksheets provided. 
They are grouped according into several categories: electrical, fire/explosion, 
personnel and general. Results of the Hazard Data Worksheets are 
summarized in the Safety Evaluation sheets at the end of Appendix A. 

A.3 TTR Hazard Summary 

Results of the Hazard Data Worksheets are summarized in Table A-1. 
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TTR HAZARD SUMMARY 

Before Mitigation After Mitigation 
Actions Actions 

HAZARD TOTAL RISK ZONES RISK ZONES CLASSIFICATION HAZARDS 
High Med Low High Med Low 

ELECTRICAL 5 0 5 0 0 0 5 
)> 

' GENERAL 12 0 11 1 0 0 12 
01 

PERSONNEL 22 2 18 2 0 0 22 

FIRE/EXPLOSION 28 3 25 0 0 0 28 

TOTAL 67 5 59 3 0 0 67 

Table A-1 TTR Hazard Summary 



TTR SAFETY EVALUATION DATE: September 28, 1992 

ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

EL Texas Test Rig During operation Personnel conlacl wilh high I Coil and power supply leads ""' lnsulalBd I 1 Singla""""' hazard, '-"""'· 
(TIA) mnperage magnet power 

D 
isolated. 

E 
millivolts involved puts lhe cumint 

1 Magnet eon supply. Col cable conneclions wil be Insulated. dose to lhe lhreshdd of 

Risk: 2 Risk: 3 perception (per AFSC DH 1-6) 
and wil not cause a shock haiatd. 
Closed by TIA Safety Evaluation 
Review Team. 

EL Texas Test Duling opel8lion - lines Sectrical shock clJe to I en ..... pn>per inslalalion of all cabling. I MA~ evant hazard: Exposed 
Rig(TIR) ant energized Insulation c1eg.-

D 
Periodc Inspection of cabling. 

E 
wiring must go unnoticed (no 

2 Cabling (chafing, rodenls, -. etc.) shorts or breaks in operating 

Risk: 2 Risk: 3 syslem); power must be at a 
hazardous level; personna must 
be exposed to llU hazard wilh 
power on. Closed by TIA 
Salaty Evaluation Review Team. 

EL Texas Test Rig Operational. EPO fails to cut power off I Check Installation for fal sale laalure; I Muhiple 8118111 hazard: Emergency 
(TIA) <lJring an emergency. 

D 
Functional - of EPO; demonsba19 fal 

E 
must exist and EPO must be 

3 Emergency Pow!I" sala laabn; Periodc tasting of EPO. Inoperable. Closed to lhe TTR 
Off (EPO) Risk: 2 Risk: 3 hazard tracmg system: TIA #01. 

EL Texas Test Rig Operational. Wa!Br inlrusion Into eledric I Verily seal of roof wnt; Maintain roof I Multiple ewnt hazard 
(TIA) ..pprnant resuhiig In shock 

D 
integrity; ldanllly I resolYa any roof leaks 

E 
Operation of TIA shall be 

4 Electrical ~ipment or electrical shor11ng hazard. prior to TTR operation. prohibilBd whenM water intrusion 

Risk: 2 Risk: 3 is detected Closed by TTR 
Salaty Evaluation Review Team. 
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-

ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

EL Texas Test Rig Operational. Shock I short circuit hazard I P1ocetkmls lb ht EPO during this situation; I Wtiple event hazard. Closed 
(TTR) dlelbthelnadvertent 

D 
Ceese lurllar lnting & selaly shut down 

E 
by TTR Salety Evaluation Relliaw 

5 Ar& Extilguishing I activation of the sprilkler systam. Teem. 
Sprinklers system. Risk: 2 Risk: 3 

FE Texas Test Rig Al phases Of operation Fn from inproper handing, I Labeled approwid llammable liqlid Slbnlge I Wtiple ewnt hazard. 
(TTR) s!Dmge or dsposal of 

D 
cabinet and lammable waslo dsposal 

E 
Quantity of flammables in room 

1 flammable materials cans wil be in place, personnel will be willber&sticled. Closed by 

Risk: 2 instrucled as lb the proper handling, Risk: 3 TTR Safety Evaluation Review 
slDnlg9 and dsposal of ftammables. Teem. 
No smoking signs, r&stricted aocess lb 
room, sprinklers and fire extinguishers. 

FE Texas Test Rig Al phases of operation Fire I Room is sprinklered. Number of fir& I Gas fir&s wUI be eliminated 
(TTR) 

D 
extinguishers exceeds code. Rammable 

E 
th~ all other mitigating actions 

2 gas leak delaction (at 10% & 20% of the (i.e. leak deloction, venting). 

Risk: 2 LEL) and emergency ....,,tilalion provided. Risk: 3 Closed lb the TTR hazard 
Ortlnary combustibles wUI be kept to a tracking system: TTR #02 and 
minimum. TTR#14. 

FE Texas Test Rig During maintsnance Gas leak from ine fitting near I Initial and Periocic inspections wil be I Ml.ltiple event hazard: gas leak 
(TTR) Ignition source. 

D 
a>n<iJclad lb ensure Ina iniegrity. Use 

E 
must exceed LEL; gas leak must 

3 Gas cylinders Swagelok litlngs lb allow gaging lb verify go unmitigaled; an lgn~on soll"8 

Risk: 2 proper instalatlon. Risk: 3 must be in the ania of LEL gas 
leak. 

Closed by TTR Salety 
Evaluation Review Teem. 

A-7 



TTR SAFETY EVALUATION DATE: September 28, 1992 

ITEM SYSTEMllJNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

FE Texas Test Rig During operation Over pressurization and I lnslal two-stage lied ciaphragm gas I MUtiple e-t hazard: gas leak 
(TIR) laiLn> of gas syslBm die ID c pressure 181JUlalDr in gas dslribulion 

E 
must exceed LEL; gas leak must 

4 GassyslBm gas Cl88p898 frorn a lailft al system. go unmitigated; .., ignition SOtJ"C8 

Gas regulalar gas ragulm>r. Risk: 1 Regular inspection m &nSLn> intagr1ty of Risk: 3 must be in the area of LEL gas 
ragulamrs. Pressure relef valve installed leak. Closed by TTR Safety 

Evaluation Review Team. 

FE Texas Test Rig During operation Rl8 or explosion cile m II Backfla.v check valves will p-t gas u MU1iple IMllll hazard. Closed 
(TIR) bac:kla.vof gastuough c from flowing back towards supply. 

D 
by TTR Safety Evaluation Review 

5 Gas dslribution system inllOdJcing oxygen Periodc inspeclons will verify that Teem. 
system Into syslem. Risk: 2 inlegrity is mainlainad in check valves and Risk: 3 

gas lines. 

FE Texas Test Rig Operallonal Explosion / Ignition of gas I Minimize fie number of fillings; Laek I Multiple event hazard: System 
(TIR) released die ID multiple 

D 
check syslem upon installation; Leak 

E 
must be using a flammable gas, 

6 Chamber fillings chamber filling laeks. check syslem upon any maintenanoe leal<(s) must be large enough ID 

Risk: 2 a::tion; Perlarm periodc leak checks. Risk: 3 accum"81e the ~ Explosion 
Umtt, leak(s) must ramain 
l.IKfelecled & wilhout mitigation, 
and .., ignilon """""' must be 
p19senl Closed by TTR Safely 
Evaluation Review Team. 

FE Texas Test Rig Operational. Explosion I igrilion ol gas in I Vent lne shal be !lized ID accommodale I Wtiple ~t hazad: gas leak 
(ITR) lhe-1ine. D 

maximum enlicipalBd flow of gases; Vent 
E 

must exceed LEL; gas leak must 
7 Gas-iing lne must have a minimum number of go unmi1igated; .., ignition source 

Risk: 2 bends, maximize bend raduses, be frae of Risk: 3 must be in tie area of LEL gas 
dents; wnl Ines should be localBd ID leak. Closed ID the TTR hazard 
minimize the probability of oontact wilh tracl<ing syslem: TTR #06. 
personnel I machinery; Y91lt ine shall be 

15 fl - '"""elee1rfcal equipment and 
other polenlial ignition sourt:8S 

A-8 
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ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

FE Texas Test Rig Operalional. Expbsion I ignition of gas I Sensors ere m be tesled upon inslalalion, I Mu~ event hazard: SyslBm 
(TTR) accum~aticn die ID 

D 
aflBr maintenance action, and cluing 

E 
must be using a ftammable gas, 

8 GasDelection operational fai1ut& of sensors. periocic inspections. leak(s) must be large enough m 
System Risk: 2 Risk: 3 accumulate m accumulate lhe 

Lower Explosion Limit, leak(s) 
must remai1 undetected & without 
mitigalion, and an ignition source 
must be p19sent Closed by 
TTR Safely Evaluation Review 
Team. 

FE Texas Test Rig Operational. Explosion I ignition of gas I Proper sizing of sensor, Inspection of parts I Mu~ event hazard: SyslBm 
(TTR) accumulation due to sensors 

D 
actually instaled; Sensor identification be 

E 
must be using a ftammable gas, 

9 Gas De1ection wilh a higher sensitivity lhan made pert of fie periocic Inspection leak(s) must be large enough ID 
System hi LEL being lnstaled. Risk: 2 cheddist Risk: 3 accum~ate Iha lower Expbsion 

Limit, leak(•) must 19main 
undeteded & wilhout mitigalion, 
and and ignition souroe must be 
p19S8nt. Closed by TTR Safety 
Evaluation Review Team. 

FE Texas Test Rig Operational. Explosion I ignition of gas due I Restrict heavy equ""'8nt from 8198; Lines I Multiple event hazard: leak(s) 
(TTR) m leak from impact I punclUnl D 

routed ID minimize expo!lllll; Provide 
E 

must """8Ml lhe lower Explosion 
10 Gas Dlslribution of gas Ines I panels. barricades as naeded; Resbicthlffic Limit; It must remai1 uldetecled & 

System Risk: 2 during op8i lllioil of TTR. Risk: 3 wilhout mitigation; and an ignition 
source must be present Closed 
by TTR Safety Evaluation Review 
Team. 

FE Texas Test Rig Operational. Explosion I ignition of gas die I Leak check system upon installation; Leak I Mulqile event hazard: Syslem 
(TTR) m leak from vibration I D 

check system upon any malntenanos 
E 

must be using a ftanmable gas, 
11 Gas Distribution chafting / ioOS81 i ig of lilllngs action; laak(s) must be large enough m 

System on gas Ines. Risk: 2 Per1onn periodc leak checks; Avoid Risk: 3 accum~ Iha lower Explosion 
sll9ssing copper IUbing. Limit, leak(•) must l9maln 

undeteded & without mitigalion, 
and an ignition source must be 
present. Closed by TTR Safety 
Evaluation Review Team. 
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- - - -

ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

FE Texas Test Rig Operalional. Explosion / Ignition ol gas I Roule his lo avdd contact with I Mu""'8 ewnt hazard: System 
(TIR) releesed dJe lo laitnJS / 

D 
personnel; Whefa contact with persomel 

E 
must be using a ftammallle gas, 

12 Gas Dislribution leaks in<iJced by personnel camot be avaidod, ooute through leak(s) must be large enough lo 
System using the gas Ines BS a Slllp, Risk: 2 appmpinlly sized condlft or provide a Risk: 3 accumUale the Lower Explosion 

hand-hold, elc. shield; leak check system upon Limit, leak(s) must remain 
ilslallalion; Leek check system upon arry uidelllCll!d & without mi1igation, 
meinlana1ce action; Paoform periodic leak and an ignition sou""' must be 
checks. present Closed by TTR Sal&ly 

Evaluation Review Team. 

FE Texas Test Rig Operalional. Explosion / lgrition ol I Leak check contaiier I fillings; Chamber I Chamber has been pressure and 
(TIR) isobutane releesed from 

D 
win be pressure tesl8d to maximum 

E 
vacuum lasted by SSCL Vacwm 

13 Laser Experinent quartz conlalner ii the laser an1icipabld pressure. Group, Certificala # 4892A. 
()Jartz Con1ai'1er experiment Risk: 2 Risk: 3 Single event hazard. Closed to 

the TTR hazard backing system: 
TTR#03. 

FE Texas Test Rig Operalional Explosion / Ignition ol gas I Leak check system upon installation; Leak I t.\Jltiple ewnt hazard: System 
(TIR) released due to regulator 

D 
check system upon arry maiitenance 

E 
must be using a ftammable gas, 

14 Gas Dislribution lallure. action; leak(s) must be large enough lo 
System Risk: 2 Perform periodic leak checks; Regulators Risk: 3 8CCUmUale the Lower Explosion 
RegUalor are designed lor llammable gases and Limit leak(s) must remain 

meet CGA slandards. undeladed & without mitigation, 
and an ignition SCU"'8 must be 
present Closed by TTR Sal&ly 
Evaluation Review Team. 

FE Texas Test Rig Operalional. Explosion I ignition ol I Purge system with ritrogen prior lo I Closed by TTR Safely 
(TIR) ftammable gas resuttilg from D 

i'1jection of ftamrnable gas; Train 
E 

Evaluation Review Team. 
15 MJon Chamber inproper ' '"""""•ale personnel In proper procadlres lor system 

evac:ualion of oxygen prior lo Risk: 2 dvam I purgi1g. Include proper purging Risk: 3 
lrjecting llammable gas. BS a standad opaa*1g proceckn. 
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ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

FE Texas Test Rig Operalional Explosion I ignition of gas I lnslall a high - indcator; lnslall high I Mu""'e event hazard: SyslBm 
(TTR) releasedcllelD 

D 
pn>SSUl9 shut-off swit:h; Personnel to be 

E 
must be using a llammable gas, 

16 Gas Disbibution ovapressurlzalion of system. - in emergency proce<Ues; Key leak(s) must be large enough ID 
System 

Risk: 2 componenls ID be inspected dJring Risk: 3 
accumlAate lhe lower Explosion 

periocic inspections. lnstal pressure relief Limit, leak(s) must remain 
vim... undetected & without mitigation, 

and an Ignition souroe must be 
present Closed by TTR Sefety 
Evaluation Review Team. 

FE Taxas Test Rig Operalional. Exploslon / Ignition of gas I Tanks are labeled; Filtings used are sized I Hazard can oocur only Wan 
(TTR) resulting from improper tank 

D 
and color roded ID pnM!l'lt connection of E 

oxkizer or a more volatile gas is 
17 Gas Disbibution (oxk:lzer, acetylene, etc.) non-calegofy tanks; Lines are inspected I connecled. This is improbable 

System accidentally inslalled. Risk: 2 wrifled dlling lnslallalion. Use a cifferent Risk: 3 dJe ID lhe use of raquired tank 
size ine ID prevent misconnecling at lhe fittings. Closed ID lhe TTR 
menifdd. Lines are to be marl<sd per hazard trad<ing syslBm: TTR #04 
ANSI 13.1. andTTR#19. 

FE Texas Test Rig Operational. Excessiwt pressure build-Op I Room wlume is large enough ID all<M' for I ~event hazad: System 
(TTR) ID explosion I igrition of D 

pn>Ssure cisslpalion 
E 

must be using a llammable gas, 
18 Explosion Venting. flammable gas. leak(s) must be large enough ID 

Risk: 2 Risk: 3 accumlAate lhe lower Explosion 
Limit, leak(s) must remain 
undetected & without mitigation, 
and an Ignition source must be 
pntSenl Closed by TTR Safety 
Evaluation Review Team. 

FE Texas Test Rig Operalional. Exploslon / Ignition of gas I Verify adequacy of chamber; Control I Ch!mber has been pressure 
(TTR) released from laser chamber. 

D 
a:cess ID Laser Experiment area; 

E 
- to 150 pslg, Celtificate # 

19 Laser Experinent Separate Laser Experinent from rest of 4892A Closed ID lhe TTR 
Laser Chamber Risk: 2 TTR. Risk: 3 hazard trad<ing system: TTR #03. 
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ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

FE Texas Test Rig Operational. Expbsion / Ignition of gas I Leak check system prior IO adlvation. I Closed by TTR Safety 
(TIR) 111sulling from Iha in..-n 

B E 
Evaluation Review Team. 

3l Gas Dislribution of oxygen into Iha line at Iha 
System inert gas cyli1dar we to tall< Risk: 1 Risk: 3 

not being oon.-.1 or a 
massiva leak. 

FE Texas Test Rig Operallonal. F'"' dalocllon matiod does I Varity i>"'""""" of sprinklers in TTR and I l\.Uipla awnt hazard: SyslBm 
(TIR) not datect fi111. 

D 
dean room. Install smoke dalecDs as 

E 
must be using a ftammabla gas, 

21 F1111 extinguishing raquif&d. laak(s) must be large enough to 

Risk: 2 Risk: 3 accumliat& Iha l.owar Explosion 
Limit, leak(s) must remain 
unda1Bclad & wilhoul mitigallon, 
and an Ignition SOURlll must be 
prasanl Closed 10 Iha TTR 
hazard tracking system: TTR #20. 

FE Texas Test Rig During operation and Slalic alaclicity dsc:harga I Major metal framing and ccmponants will I IAJltipla aV8111 hazard: laak(s) 
(TIR) malntena1Ca Ignites gas leak D 

be fl'llp9lly bondad and grCllldad IO 
E 

must exceed Iha LEL; It must 
22 Gas supply systems eliminaB elaclrlc polanlial. Bondng and l1lmain unda1Bclad & wilhoul 

I gas chambers Risk: 2 emargancy V8l1I fan inslalalion complalad Risk: 3 miligalion; & an Ignition SOll"C9 

<lJring construcllon. Laak datection will be must be prasant All fillings, 
inslalad balor8 operation. U>ing and lrama and malal and 

8111 bondad (exceeds 
raquilllmants of NFPA 58). 
Closed IO Iha TIR hazard 
llacking systsm: TIR #08 and -·-

FE Texas Test Rig TIR I arnargancy Fn caused by motor arc in I Exhaust fan has bean ramotad from Iha I Multiple awnt hazard: gas leak 
(TIR) venlialon / fan motor presanca of ftammsbla gas 

D 
TTR SbUctulll. Whan a gas leak Is 

E 
must axcead LEL; gas leak must 

24 Emargancy Fan leak doloclod (at 10% & 20% of Iha LEL), Iha fan go unmltlga&d; an Ignition SOURlll 

E"'1aust Motor Risk: 2 stmts aJtornalcaly, gas flow shJts off and Risk: 3 rnJst be in Iha area of LELgas 
room wntilalion also stays on. Gas leak Closed by TTR Safety 
sensors wil be stral8gicelly localad to Evaluation Review Team. 
optinize rovaraga. The concanllalon of 
gas in air wll be dkllad belor& It can reach 
Iha exhaust fan motor. Room volume will 
assist in ci\Jtion. 
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ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

FE Texas Test Rig DI.ring operation Fire dJe ID an: al panel I Electricel panels are remole Imm gas I Wtiple event hazard: gas leak 
(TTR) igniting llamrnable gas 

D 
system. Panels have locks lo keep out al 

E 
must exceed LEL; gas leak must 

25 Electrical panels mixture. but necessary mailtenance persomel. go unmitigalBd; .., ignilion source 

Risk: 2 Nonna! room airflow will minimize the Risk: 3 must be in the area ol LEL gas 
probablily ol getting .., LEL mlwre. leak. Closed by TTR Safely 

Evaluation Review Team. 

FE Texas Test Rig DI.ring operation Fre hazard. Improper I p._iy bond and ground all lraming I Closed ID the TTR hazard 
(TTR) gromdng crud cause c members and other me1al components of 

E 
tracking system: TTR #08. 

a; 
dllerence in polanlial - TTR. Flammable gas leak detection and 
metal objects. Ditl&nlnce in 
electical polontial could act 

Risk: 1 Wllldalion wll keep flammable mixllfes Risk: 3 
from escaping lo ignition sources. 

as ignition source In presence 
ol llamrnable gas Iha! Is 
within flammable limits. 

FE Texas Test Rig Operalanal Explosion I ignition of gas I Leak check clumbers upon installation; I 11.tJiliple e""'11 hazard: Leak(s) 
(TTR) released dJe lo chamber 

D 
Leak check chambers upon Sl1'J related 

E 
must be large enough ID 

Zl Iarocci Chamber leaks. maintenance action; Per!cnn periodc leak accumulale the Lower Explosion 

Risk: 2 checks. Risk: 3 Limit, leak(s) must remain 
uldelecled & without mitigation, 
and .., ignition source must be 
present Closed by TTR Safely 
Evaluation Review Team. 

FE Texas Test Rig DI.ring operation Fir& ignition sources - I Provide minimum airflow. Minimum of 6 I Wllple 8""'11 hazard: gas leak 
(TTR) eleclrical an: al "muffin • fans 

D 
~ ol air per hour wil be provided. 

E 
must exceed LEL; gas leak must 

28 Electronic Cabinets ignites gas leak Hard wire on air conditionilg units fan ID go unmitgaled; .., ignition source 
•Muffin" Fans Risk: 2 run continuously. Provide warning horn ff Risk: 3 must be in fie area of LEL gas 

untt is turned off. leak. Closed by TTR Safely 
Evaluation Review Team. 
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- ~ -

ITEM SYSTEM/UNIT EVBIT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

FE Texas Test Rig Oiiing operation Varuum pump inlnxb:es II l'l.rge vent lne wilh nilrogen; vent n Muhiple event hazard: gas must 
(TIR) oxygen inm wnt lines and is c dscharge to be 15 ft - from ignition 0 

be belween !Eland LEL; oxygen 
29 VacwmPt.mp Ignited. sources; Ignition sources to be 15 ft eway must be lnlloQJced; Ignition 

Risk: 2 from vacuum pump. Vacuum p1111p acts Risk: 3 soun:e must be pr8S811t Closed 
as a cheok val\/8 m pment back ftow from m the TTR hazard baddr>g 
ambient system: TTR to6. 

GN Texas Test Rig Oiiing operation Use of unauthorized gases, II Gas pad wil be fenced with loclling gall! II Single ewnt hazad. 
(TIR) hazaldous gases. Cabon 

0 
• Au1horized Personnel Only • sign to 

E Keyed CGA connections wil 
1 Gas smmge area ircing degrades chamber exckJde unauthorized ..,lry. Proc:edlres exckJde aoss connection of 

Gas eyfinders 1n"9ri!Y. Risk: 3 will caH for only type- wrilied gases ID be Risk: 3 gases. Closed by TTR Safety 
oonnected m TTR expenment Evalualion Review Team. 

GN Texas Test Rig Al phases of operalion Collision wilh gas pad I Gas pad Is 1:!' m 36" &bow grade of I Wtiple event hazard. Closed 
(TIR) (autnmobile, forklift etc.) D 

perl<ing lot, providng an effective barrier 
E 

by TTR Safety Evalualion Review 
2 Gas slDrag8 pad causes release of gas and I or against collision; Gas cylinders are located Teem. 

mechanical damage. Risk: 2 10 to 16 feet from drive; All cylinders wUI Risk: 3 
be properly 5"'ed In racks with securing 
chains. 

GN Texas Test Rig Al phases of operalion High temperab.Jr& causes II Provide shade for gas cyinder storage; II Storage complies with NFPA 58. 
(TIA) inlemai pressur& of gases c Use only DOT rated cylinders for gases. 

E 3 Gas slDrag8 pad exceed strucbr.11 integlly of Closed by TTR Safety 
contliner. Risk: 2 Risk: 3 Evalualion Review Team. 
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TTR SAFETY EVALUATION DATE: September 28, 1992 

ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKSISTATUS 

GN Texas Texas Rig Maintsnmlee Periodc leak checl<ing and II Procedufas will cal for a maintsnance log II A mainlenanca log will eliminale 
(TIR) routine maintenance not c b be kapt an all maintenance perlonned an 

D 
umecessary work, redlca 

4 performed allowing lhe nR syslems. Inspections of hazards and"""" hazardous 
degi-n of syslem. Risk: 2 mainlenanca wil ensure Iha! proper work Risk: 3 condlions from recurring. 

is done. Closed 1D lhe TIA hazard 
tracking syslem: nR #13. 

GN Texas Test Operational. Adverse environmental Ill Amount of wnted gases ID be less lhan Ill Closed 1D the nR hazard 
Rig(TIR) Impact of venled gases. 

A 
amount of gases authorized by Texas c tracking syslem: TTR #17. 

5 Gas venting Depament of A'r Quality: The amount of 

Risk: 2 gas used from IBnks and wil be monitored Risk: 3 
I documented. 

GN Texas Test Rig Operational I Exhaust from fork ift trigger.i Ill ...,imize use of lorkfifl operation at 1ha Ill Closed by TTR Safely 
(TIA) Malnlenanca gas deleclion syslem. B 

TIA; Provide maximum venliation in c Evaluation Raview Team. 
6 Fork Lift area. TTR wiR use gantry for Mure lilting 

Risk: 2 and instalation of technologies. Risk: 3 

GN Texas Test Rig Operational Unau1horized activation of II Canll'IJI access ID 1he TTR; Power select I n Closed by TTR Safely 
(TIR) TIA equipment c aclivatian should be keyed; Keys should 

D 
Evaluation Raview Team. 

7 have limited dstribution. 

Risk: 2 Risk: 3 

A-15 



TTR SAFETY EVALUATION DATE: September 28, 1992 

ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

GN Texas Test Rig Operational. Openllioual hazards dJe ID Ill Room illumination shoUd be at least 50 Ill Closed by T1R Safety 
(TIA) iladequale ighling. 

B 
ft-candles 3 ft off floor; Mainlenance ID 

D 
Evaluation Raview Team. 

8 replace light bUbs expedentty; PrtMde 

Rlslt: 2 emergency ighling Risk: 3 

GN Texas Test Rig Operalional. Are egress from main I - ID cease T1R &sting when I Multiple event hazard: Fire must 
(TIA) boldng """"""personnel ID D 

main buiking alarm Is activated; Control 
E 

occur in main building, egress ID 
9 egress through lest laciflly access ID room; Remove Exit signs owr be made through T1R room, and 

dJring IBsling. Risk: 2 door; Testing light ID be aclivaled dJring Risk: 3 lesting with T1R continues. 
lesting. Oiiing a fire 8YBCtJBlion of Closed ID the TIA hazard 
Buiklng 4, T1R peBOMel will shut down tracking sySlem: T1R #16. 
T1R and BVllQJBle the buidng per T1R 
emergency procedures. 

GN Texas Test Rig Operational. Wall penebalions accelerate I I Openings / holes in li"e llll8d wals ID be I Multiple event hazard: leak(•) 
(TIR) spread fire. 

D 
restored ID the original condlion; wan 

E 
must exceed the Lower Explosion 

10 penetralions to be kept ID a minimi.m. lini1; tt must remain oodetecled & 

Risk: 2 Risk: 3 without mitigation; an Ignition 
source must be present, and holes 
in the wals accelaaled I aids the 
spread of fire. Closed ID the 
T1R hazard tracking syslem: 
TIR#21. 

GN Texas Test Rig Operational. Hazards associated with II Hazardous wasle containers ID be II Closed by T1R Safety 
(TIA) hazardous wasle. c provided in the IBst area; ""'9onnel trained 

D 
Evaluation Review Team. 

11 in proper dsposal proce<Uas; Lintt 
Risk: 2 access ID storage areas containing Risk: 3 

hazardous waste. 
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ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

GN Texas Test Rig Operational. Electrcmagnetic interference Ill Test magnet for magnet stranglh; Locata Ill Test magnet for magnet strength 
(TTR) ~ aff9cts fle B 

computers es far f1JNa'/ lrom '1e magnet es 
E 

demonstrated maximum 
12 Computer Room compulers in '1e computer possible. lnstal indviduaJ moni1Dr magnetic field at '1e wal to be 5 

Computers 111om. Risk: 2 shielc:iig as required. Risk: 3 gauss. Closed by TTR Safely 
Evaluation Review Team. 

PH Texas Test Rig During operation and Oxygen Deficiency Hazard I Perform an OOH analysis I TTR room has an OOH rating of 
(TTR) maintena109 clJe ., gas leak. 

D E 
zero. Closed by TTR Safely 

1 Gas Supply Syslern Evaluation Review Team. 

Risk: 2 Risk: 3 

PH Texas Test Rig During operation and Stalic magnetic field eddy Ill Field stranglh has been measl.l&d and Ill Practical lost showed that nominal 
(TTR) mainlenanee cu1T11nt could cause ferrous - B 

practicaly lested. Measurements sha.v 
E 

field could not transport metalic 
2 Magnet metallic ollject transpor1ation. that '1e strengfl is low enough not ti be a cbjecls. Physical barricade win 

Risk: 2 hazard '1 employees (below ACGIH TL V). Risk: 3 be i'I place Closed by TTR 
Physical barricade wil be in place during Salaty Evaluation Review T earn. 
opemticn of magnet 

PH Texas Test Rig Al phases of operation Peroonnel using gas lines as II Gas lines win be run wifli'I support trays. II Single ewnl hazard. Closed by 
(TTR) support or foothold. B 

Trays are clearly marked "Not., be used 
D 

TTR Safely Evaluation Review 
3 Gas distribution as foothold." Procecbes wil call for Teem. 

system Risk: 1 peroonnel to usa ladders or scaffoking for Risk: 3 
Gas piping working aromd gas distrllutlon li'les. 
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ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

PH Texas Test Rig During operation and Toxicity of gases. I Gas leak deteclion wil give sufficient I Narcosis Imm isobu1me (800 
(TIA) maintenmca. 

D 
wami1g ol leaki1g gases. Alf normal 

E 
ppm) is improbable (requires 

4 Experimentaf geses wnliig wil be outside of the TTR. ODH failure ol all lhe foflowilg: '*"" 
Risk: 2 rating is zero (minimal risk). Risk: 3 stage l89lJlalor, high flow 

lransmillsr, high pr8SSUl9 shulDff 
and pressure relef valva (and 
both gas leak de1Bclion systems)). 
Closed by TTR Safely Evaf,..tion 
Review T88m. 

PH Texas Test Rig Operational I Rolaling blade ol emergency II Guards and ..,._,. ere i'1s1aled; fan is n Mlllipfe event haza'd: R""'i1&s 
(TIA) Malnlenmce end muffin fans end c used for emergencies only. 

D 
personnel lo be in mea of Ian 

5 Emergency Exhaust BS~ hazards. during its operation wilh the 
Fan Risk: 2 Risk: 3 saeens I guards 1&moved. 

Closed ID lhe TTR haza'd 
!racking system: TTR #09. 

PH Texas Test Rig Operational. Cylinder ti~- I falling on Ill Provide cylinder racks; Prol8clive cap will Ill Closed by TTR Safety 
(TIA) personnel. 

A 
l9IT18in on cyinder until gas cylinder is c Evaluation Relliew T88m. 

6 Gas Disbibullon secul9d; Chain cyli'lders 1D racks/wan; 
System Risk: 2 Pasonnel ID W88t sle811Ded shoes when Risk: 3 

~with cylinders. Require 
oompr8S98d ges cylinder handing !raining. 

PH Texas Test Rig Operational. Explosion I igrition ol gss due I Prollide cyinder racks; Chain cylinder.; to I Closed by TTR Safety 
(TIA) ID breakage / loss ol filling due 

D 
racks; Slol9 cylinders in limited access I 

E 
Evaluation Review T88m. 

7 Gas Disbibullon ID Impact of filling. prolecl9d 8198. Reql.119 oomp1&ssed gas 
System Risk: 2 cylinder handling trairing. Risk: 3 
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ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

PH Texas Test Rig Operational. Weight of ful cylinder Ill SOPs far General l.aboratxy requira Ill Cbsed by TIR Safety 
(TIR) exceeds one-man ift. 

B 
two-mM lift for cyfll1ders; Provide c Evaluation Review Team. 

8 Gas Distribution procedJnls I trlining of persot 1 IOI 
System RiBk: 2 RiBk: 3 

PH Texas Test Rig Operational. Excessive noise lewl. II SuM!V ti docunent noise lewl; Conlrol II No high noise generating 
(TIA) 

D 
aocessto8188; Hazardous8188Swill be 

E 
equipment I machinery is 

9 Room mertoid I barrlcadod; Provide"'"' plugs/ anticipated for TIR. Closed ID 

RiBk: 3 mulls as required. Risk: 3 1he TIR hazard tracking system: 
TIR#22. 

PH Texas Test Rig Operational Vibralon hazads b II TIR equipment is located on a II Closed by TIR Safety 
(TIR) personnel. D 

semHsolalsd pad; Personnel will not be on 
E 

Evaluation Review Team. 
10 OCJipment dtling operation. No moving 

Risk: 3 compoo ""11s anticipaled. Risk: 3 

PH Texas Test Rig Operalional I Fak ill runs into personnel I I Minimize use of lark lifts; Provide a spotter I Cbsed by TIR Safety 
(TIR) maintenance equipment 

D 
while lnslalling ecppmen~ Requira Fork 

E 
Evaluation Review Team. 

11 Fork lifts ift Operafar's Certification; Provide 

Risk: 2 ~ rals; Provide barricade; Conlrol Risk: 3 
aocess of personnel dJrilg ecppment 
instellation. 
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ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

PH Texas Test Rig Operalional. Cuti abrasions caused by Ill Comers raclused; Edges debuned; Nicks Ill Closed by TTR Selety 
(TTR) sharp comer.i I burrs on 

B 
m be blended ma sale radus; Glows m be Evaluation Review Team. 

12 Electrical Panels/ panels / equipment. wan dJring the mainlenance I handling of c 
Fixtures Risk; 2 si-metal I sharp hardwara. Risk: 3 

PH Texas Test Rig Operational. Eye hazards associated with II Experiment shoUd be 38 Class; Provide n Closed m lhe TIA hazard 
(TIA) laser raciation. c f1f8 protection as necessary; enclose 

D 
tracking syslem: TTR #07. 

13 Laser Experiment beam; Control access m araa; Pro.;de 

Risk: 2 warning signs. Risk: 3 

PH Texas Test Rig Operalional. Slippiig on smoolh lloor. Ill Splls to be cleaned up qlicl<ly & Ill Closed by TTR Safety 
(TIA) 

B 
complelely; Partitioned off and identify wet c Evaluation Review Team. 

14 areas. 
Risk: 2 Risk: 3 

PH Texas Test Rig Operalional. Emergency egress I Housekeeping must mainlai> a I Mlhiple event hazard: leak(s) 
(TIA) in~ fer sale egress of D 

hazard-""8 environment; All aisles to 
E 

must excaed lhe Lower Explosion 
15 Fire Extinguishing persomel. maintain 44 inch minimum width; Control Lrnil; It must Mmain undelocted & 

System Risk: 2 ....,,her of personnel in TTR dJring Risk: 3 wilhout mitigation; an ignition 
operation; HllYll approprialB signs and source must be pn>sent; and 
exits from TTR araa. egress of personnel must be 

blockadorl~ Closed 
to lhe TTR hazard tracking 
system: TTR #05 and TTR #18. 
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ITEM SYSTBlllJNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

PH Texas Test Rig Operation and Fallng hazard (peroonnel "1d I OSHA - approvad scaffolding wilh I Scaffolclug, safely ladder and 
(TTR) mailb!nance on TTR objects) 

D 
toeboards provided. Wal<-up safety safety belts wUI minimize 

16 TTRroom laddefs also provided. Safety belts wilh E persomel falls. Toeboards are 1D 

Risi<: 2 ~ shail be used for work at heights Risk: 3 be used lo mininize laling 
> 6 ft. Olljects al heights > 6 ft. shal be objed!I. Closed by TTR Safety 
S8aJr8d lo lhe scalloldilg. T cols used al Evaluation Review Team. 
heights> 6 ft. shal be secured in tool belts. 
OUtiggeB 1D be used above 6 ft. 

PH Texas Test Rig Al phases of operalion OOH dUe 1D smoldeo i ig fire I Procedunos wll keep tansporlable I Wtiple ewnt hazald. 
(TTR) 

D 
onfnary ccmbuslibles 1D a minimum. 

E 
The primary lire hazard in lhe 

17 Good OOusel<Beping proceclJras wil be in TTR n:iom is from gas, which 

Risk: 2 place and enloroed. Emergeucy Risk: 3 does not prtdJce copious 
procec:lwes reqJire shut down ol TTR and amounts of 1Dxic by-products 
evaaalion of lhe area. whenttbums Closed by TTR 

Safety Evaluation Review Team. 

PH Texas Test Rig During operation Gas migration in1D "*"'8ni I l.eak-wil pre'llll1I gas spread. i Wtiple event hazard. 
(TTR) W<ll1<iig araas, causing OOH 

D 
Au1Dmelc vantilation will start up, and 

E 
TTR room has an OOH rating of 

18 Gas system haZB"d. autDmalc shut-off wiH step gas flow in zero. Closed by TTR Safety 

Risk: 2 emergency. The wkJme of lhe room lands Risk: 3 Evaluation Review Team. 
itself 1D dlution of gas mixtures. 

PH Texas Test Rig Operation OOH due 1D improper shut I Procedures wil drect personnel how 1D I TTR laboratory has an OOH 
(TTR) down of gas system during B 

safaly shut down gas syslem during 
E 

rating of zero. Closed by TTR 
19 GasSystem emerget ICY. emergency. Sal&ty Evaluation Review Team. 

Risk: 1 Au1Dmatic pawll' off buttons wil be in Risk: 3 
place 1D shut off TTR eleclricity "1d gas 
low. Automalic ventilation wiU eliminal9 
any escaping gas in room. 
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ITEM SYSTEM/UNIT EVENT/PHASE HAZARD DESCRIPTION RISK RECOMMENDED ACTION RISK REMARKS/STATUS 

PH Texas Test Rig During Test and Radation Exposure Imm Ill Sources will be c:cntrolled by a lrai1ed Ill Single """'11 hazard, allhough 
(TTR) Calibration microCuria gamma sources B 

lndvidJal, and keptwiflln a iod<ed cabiiet 
D 

low-level sb'ength of source 
3J Experimental Test Signs wil be property placed when precludes excessM> exposure. 

Risk: 2 """""" 1118 being used. Racia1ion Risk: 3 Closed by TTR Salaty Evaluation 
dosimeter wil be used. Review Team. 

PH Texas Test Rig Opemlion and Magnetic field interleras wit! I Provide pe!OOt1l18I aulhorized 11> anter 1he I Wtiple eW11t hazard. 
(TTR) maintenance pecemaksr operation 

D 
TTR Lab will medcal screaning for 

E 
Pacemaksrweerer would hava 11> 

21 Magnet pecemaksr use, as well as surgical ignore Warning signs & balTtcade 

Risk: 2 inplenls, sutures, and metal prostheses. Risk: 3 and remain proximale 11> lhe 
Post warring signs on external doors and operating Magnet for a period of 
on TTR frame. Provide physical balTtcade lime. Anal design wil contain 
MlUnd lie TTR, al lie 10-15 gauss recommended action. Closed11> 
bollldary. 1he TTR hazard backing system: 

TTR #11 and TTR #12. 

PH Texas Test Rig Mai1tenance; lnstalalion Dropping OCJJipment from I Clanlly safety training or a lift teem leader I Closed by TTR Safety 
(TTR) gan'lf hits personnel or D 

who Is certified, shall be mandalory for 
E 

Evaluation Review Team. 
22 IJRlll1d op8flllion of gen'Y; l..oadng shal not 

Risk: 2 exceed snplchairVhoist capacity; Risk: 3 
sbaps/chalnslhoists shal hava periodc 
oerlilication; Al loads shall be secured; 
Hard hals and sleel toed shoes 1118 

required dumg lifts 
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Appendix B Definitions 

Accjdent - A mistake, error, unusual occurrence or event having 
safety implications, or leading to an unsafe condition or event. 
(see Mishap) 

Effect op System - The detrimental effects inflicted on the system 
or personnel. 

Effects of Recommended Actjon - The effects of the action m 
lowering risk. 

Hazard • Any ex1stmg or potential condition that can result in a 
mishap or accident. 

Hazard Description - A brief description of the hazard and cause. 

Hazard Severity - A qualitative assessment of the worst potential 
consequence, defined by the degree of injury, occupational 
illness, property damage, and/or equipment damage/effects. 

Hazard Probabiljty - The likelihood that a hazard will occur. 

Hazard Trackjng and Rj5k Resolutjon System .. A 
ensuring severe hazards/risks are documented, 
communicated and resolved in a timely manner. 

method of 
tracked, 

M j sh a p - An unplanned event or series of events that result in 
death, injury, occupational illness, or damage to or loss of 
equipment or property. (see "accident") 

Mitjgatjpg Actjon - The action required to eliminate or control the 
hazard. 

Recommepded Actjon - The action required to eliminate or control 
the hazard. 

Remarks - Any relevant comments relating to the hazard . 

.B..is..k - A quantitative or qualitative expression of possible loss m 
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terms of hazard severity and hazard probability that a hazard 
will cause harm and the consequences of that event. 

Rjsk Ai;sessment • An evaluation of the hazard severity and 
probability and the determination of 
acceptability/unacceptability based upon mitigation actions to 
reduce risks. 

Rjsk Zone ·A classification of low, medium or high risk: 1 is high 
and unacceptable; 2 requires management evaluation, 
decisions, approval; 3 is low and is acceptable risk) 

Safety Eva!uatjon CSE) · A comprehensive safety assessment. A 
documented process to systematically identify systems and 
operational hazards, to describe and analyze the adequacy of 
the measures taken to eliminate, control, or mitigate identified 
hazards, and evaluate potential mishaps and their associated 
risks. SARs identify hazards, assess risks and means for their 
elimination and control, and document the approval for various 
stages of facility design, construction and operation. 

Status · Status of actions to implement the recommended, or other, 
hazard controls. 

System Safety • The systematic application of proven 
and management processes to optimize safety 
constraints of operational effectiveness, time, 
throughout all phases on the system life cycle. 

engineering 
within the 

and cost 

Svstem Event<sl Phase • Phase of operation (maintenance, 
testing, beam on, all, etc.). 

System/Snhsystem/Unit ·The particular part of the system that 
is analyzed. 
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Appendix B Acronyms 

ACGIH ............................................ Amer. Conf. of Gov. Industrial Hygienists 
ADC ............................................... Amplitude Digital Converter 
ANSI .............................................. American National Standards Institute 
ASME ............................................. American Society of Mechanical Engineers 
CAMAC ........................................... Computer Assisted Measurement and Control 
c fm ................................................. Cubic Feet per Minute 
CFR ............................................... Code of Federal Regulations 
cm .................................................. Centimeter 
DAQ ............................................... Data Acquisition System 
DOE ............................................... Department of Energy 
OOT ............................................... Department of Transportation 
EPA ................................................ Environmental Protection Act 
EPO ................................................ Emergency Power Off 
ES&H ............................................. Environmental, Safety & Health 
Ge V ................................................ Giga electron volt 
GEM ............................................... Gamma. Electron, Muon Detector 
HV AC ............................................. Heating, Ventilation, Air Conditioning 
Hz ............•..................................... Hertz 
IEEE ............................................... Institute of Electrical & Electronic Engineers 
J .................................................... Joules 
l ........................................ : ........... Liter 
LEL ................................................ Lower Explosion Limit 
L TS ................................................ Laboratory Technical Services 
m ................................................... Meter 
MEL ............................................... Maximum Explosion Limit 
NEC ............................................... National Electric Code 
NFP A ............................................. National Fire Protection Association 
OOH ............................................... Oxygen Deficiency Hazard 
OSHA ............................................. Occupational Safety and Health Admin. 
PRO ............................................... Physics Research Division 
psig ................................................ Pounds per square inch, gage 
QA .......................••..................•..... Quality Assurance 
R&D .........................................•..... Research and Development 
SE .................................................. Safety Evaluation 
S 0 P ................................................ Standard Operating Procedure 
SSC ................................................ Superconducting Super Collider 
SSCL. ............................................. Superconducting Super Collider Laboratory 
T ................................................... Tesla 
1DC ............................................... Time Digital Converter 
TL V ...................•............................ Threshold Limit Value 
TTR ................................................ Texas Test Rig 
UL ................................................. Underwriters Laboratories 
UBC .......... ~ .................................... Uniform Building Code 
URA ............................................... Universities Research Association 
UV ................................................. Ultra-violet 
V ................................................... Volt 
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APPENDIX C OXYGEN DEFICIENCY ANALYSIS 

C.1 Introduction 

This analysis evaluates the Oxygen Deficiency Hazard (ODH) Classification of 
the Texas Test Rig Laboratory located in the south end of Building 4 at the 
Stoneridge Complex of the SSCL. This analysis complies with the SSC ES&H 
Manual's ODH Policy (11-2). 

C.2 Building Data 

Building floor area for TTR = 78 ft X 40 ft = 3120 sq. ft. 
Inside height = 26 ft 
Building Volume = 3120 X 26 = 81120 cubic ft. 

C. 3 Oxygen Level from Static Gas Sources 

The following is a table of the flow rates of the gases used in the different 
technologies that are part of the TTR. 

TECHNOLOGY TYPE OF GRSES EQUIURLENT GRS UOLUME GRS FLOW 
RT 1 atm, 7eF RT 1 atm, 7eF 

CS Cl 2S3 RRGON/ 4ee liters see liters/day 7S31SOBUTRNE 

LSID 2S3 RRGON/ 7ee I. see 1/d 7S31SOBUTRNE 

CSC2 3e3 CF4/ 
4e I. 12e t/d 7e3 C02 

S83 RRGON/ 
see 1. RPC 383n-BUTRNE see 1/d 

43 FREON 

PDT 2S3 RRGON/ 2aee I. 2eee l/d 
7S31SOBUTRNE 

NITROGEN 849e I. see t/d 

TOTRL UOLUME OF GRSES 1293e I. 442e t/d 

Table C-1 TTR Gas Flow Rates 

This portion of the analysis looks at the various technologies. Not all 
technologies will be operating simultaneously, so the overall analysis is 
conservative. 

c - 1 
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Assuming that there is a break or a rupture in one of the technologies, the 
contents will not be "dumped" into the TIR lab. The result will be introducing 
the normal flow rate for that technology directly into the room. An example of 
the highest flow rate (worst case event): 

C = [21 %/(Q+R)]Q, where C = oxygen concentration 
R = volume of gas released = 2000 liters/day 

=.05 cfm 
Q =ventilation rate = 8000 cfm (minimum) with 

10% new air 

c = (21%/(800+.05)]800 = 20.99% 

The results of the oxygen level and the corresponding fatality factors for each of 
the technologies is given in Table C-2. 

C.4 Oxygen Level from Dynamic Gas Sources 

There are several cylinders external to the TIR laboratory that feed pressurized 
gases into the area. Most deliveries are normally at pressures slightly above 
atmospheric. 

There are ten 1/4" copper lines, supplied by individual gas cylinders. Worst 
case scenario (though improbable) would be that the regulators allowed full 
cylinder pressure (assuming a full tank) and the contents were exhausted into 
the TIR Laboratory through a rupture/break. Per the SSCL ES&H handbook, 
the rate of occurrence for a break/rupture in a gas line (metal < 3") is 1 X 1 o-9 
failures per hour. (The probability of each of the dual stage regulators failing 
completely open and the pressure relief valves failing to relieve full pressure 
was not included. This makes the TIR OOH analysis more conservative.) 

An example of the highest flow rate (worst case event): 

C = (21%/(Q+R)]Q, where C = oxygen concentration 
R = volume of gas released = 108 cfm 
Q =ventilation rate= 8000 cfm (minimum) with 

10% new air 

c = [21%/(800+108)]800 = 18.5% 

Using the curve (from the SSCL ES&H Safety Manual, 11-2) for fatality factor 
versus partial pressure of oxygen, the Fi= 6.5 X 10-7 fatalities per event. 

The maximum flows, failure rates, the resulting oxygen level and the 
corresponding fatality factors for each of the technologies is given in Table C-2. 

C-2 
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C.5 Oxygen Level for the Clean Room - Worst Case 

Nitrogen is supplied into the clean room through a 1/4" copper line. Assuming 
that the regulators allowed full cylinder pressure (assuming a full tank) and the 
contents were exhausted into the clean room: 

Nitrogen = 108 cfm X 2 cylinder = 108.0 cfm 

C = [21 %/{Q+R)]Q, where C = oxygen concentration 
R = cfm of gas released = 108 cubic ft 
a= ventilation rate= 1200 cfm (minimum) 

c = [21%/(1200+108)]1200 = 19.3% 

Using the curve (from the SSCL ES&H Safety Manual, 11·2) for fatality factor 
versus partial pressure of oxygen, the Fi = 1. 7 X 1 o-7 fatalities per event. 

The maximum flows, failure rates, the resulting oxygen level and the 
corresponding fatality factors for each of the technologies is given in Table C-2. 

C. 6 OOH Classification 

The OOH classification is based on the oxygen deficiency hazard fatality rate 
defined by: 

<I> = L nPi Fi where n = number of like items 

<I> = OOH fatality rate (per hour) 

Pi = expected rate of occurrence of the 
ith event (per hour) 

Fi = fatality factor for the ith event (per 
hour) 

Note: If the oxygen level does not go below 19.5 %, then Fi = O 
If the oxygen level goes below 8.8 %, then Fi = 1 

The maximum flows, failure rates, the resulting oxygen level and the 
corresponding fatality factors for each of the technologies are given in Table 
C-2. The result of the analysis is that the TTR Laboratory has an OOH rating of 
zero since the fatality rate is well below 1o-7 fatalities per hour. 

C-3 



TYPE OF I N I FAILURE I FLOW I % I FATALITY I FATALITY I OOH GAS RATE RATE 02 FACTOR RATE CLASS 
(RUPTURE/BREAK) (CFM) 

coz I 1 I 1 x 1 o-9 /HR I 48.3 , 19.81 0 I 0 I 0 

i ICF4 I 1 I 1 x 1 o-9 /HR 53.1 19.7 0 0 0 
O" Ill 
iD ffi I Ar I z I 1 x 1 o-9 /HR I 74.3 I 19.2 lz x 10-71HR I 4 x 10-16tHR 1 0 
0 c 
I z 

I 3 I 1 x 1 o-9 /HR I .., 
~ INZ 108 I 18.5 11x10-7/HRIZ.1x10-15/HRI 0 

~ I 
u 

!BUTANE I 2 I 1 x 1 o-9 /HR I 5.8 I 20.8 I 0 I 0 I 0 :II 

0 0 

I 11soeuTANE 11 11 x 1 o-9 /HR I 5.8 I 20.8 I 0 I 0 I 0 c 
.j>. :::c 

U> ETHANE 1 1 X 1 o-9 /HR I 47.2 I 19.8 I 0 I 0 I 0 c 
3 
3 ,z~ DI ~ g I NZ I 1 I 1 x 1 o-9 /HR I 108 119.2 lzx10-71HRI zx10-l61HR I 0 -< 
.... u r:r: 
DI 
O" I r; 111 CSCl 1 1 X 1 o-9 /HR .020 21.0 0 0 0 ii 

0 r:r: LSTD 96 1 X 1 o-9/HR .012 21.0 0 0 0 -'w 
Om 

1 X 1 o-9/HR .003 21.0 0 0 0 z~ CSC2 1 :C< 
1 X 1 o-9/HR 0 0 0 U:c RPC 1 .012 21.0 Wu 

I-
PDT 1 1 X 1 o-9/HR .050 21.0 0 0 0 

N2 1 1 X 10-9/HR .012 21.0 0 0 0 

TOTALS 2.7 X 1 o-15/HR I 0 
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Appendix D TTR Magnetic Readings 

A simple test for determining the strength of the external magnetic field 
generated by the TIR magnet was conducted. Readings were taken using a F. 
W. Bell Series 9900 Gaussmeter at various locations on and around the 
magnet. Readings were taken at the normal operating current of 70 amps and 
also at the maximum of 120 amps. Results are illustrated in Figures D-1 
through D-3. 

This test demonstrates that there is no high magnetic hazard from the TTR 
magnet. It does, however, demonstrate the need for a pacemaker warning 
placard for the TIR Laboratory. 

D-1 
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