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EXECUTIVE SUMMARY 

This Fire Hazards Analysis (FHA) is prepared for the U.S. Department of Energy (DOE) Waste Isolation 
Pilot Plant (WIPP), operated by Nuclear Waste Partnership LLC (NWP) near Carlsbad, New Mexico. 

This FHA determines that the WIPP facility provides a robust and safe environment for transuranic waste 
disposal with respect to analyzed fire cases. With exceptions noted in Table 14.1-1, the facility design, 
construction, and operation are in compliance with established codes and standards. Three previously 
identified issues remain open, but are on track for resolution. Closed issues are described in Table 14.3-1. 
In addition, a new issue was identified. The requirements and regulations for worker protection required 
by Code of Federal Regulations, Title 10, Part 851 (10 CFR 851), Worker Safety and Health Program, 
and DOE Order 420.1B, Facility Safety, are provided by a comprehensive fire protection program 
including requirements promulgated by the Mine Safety and Health Administration (MSHA) in 30 CFR 
57, Safety and Health Standards Underground Metal and Nonmetal Mines, for the Underground. Public 
Law (PL) 102-579, The Waste Isolation Pilot Plant Land Withdrawal Act, also requires compliance with 
the Federal Mine Safety and Health Act of 1977. 

The fire loss potential for postulated fire at the WIPP facility has been evaluated in this FHA. For a 
worst-case, design-basis fire event in the Waste Handling Building (WHB), the monetary loss is 
determined to not exceed $38 million. A worst-case fire in the Underground is estimated not to exceed 
$2.8 million. The facility can technically return to operation within 30 days of an underground fire. 

This FHA also evaluated the potential for fire-induced radiological or chemical releases that could exceed 
established consequence criteria. Because it is essential for large liquid-fueled waste handling vehicles to 
be in close proximity to the underground waste face, administrative and engineering controls are 
provided. Provided the controls evaluated and discussed in this analysis are implemented and maintained, 
the risk of moderate or high consequences from a fire at the WIPP facility is acceptable. 
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DEFINITIONS 

acceptable – Acceptable to the authority having jurisdiction (AHJ). 

area of refuge – An area of refuge is a space protected from the effects of fire, either by means of 
separation from other spaces in the same building or by virtue of location in an adjacent building, thereby 
permitting a delay in egress travel. 

Authority Having Jurisdiction (AHJ) – An organization, office, or individual responsible for enforcing 
the requirements of a code or standard, or for approving equipment, materials, an installation, or a 
procedure. In DOE, the head of field element is the AHJ, but responsibility can be delegated to another 
federal official and routine activities can be delegated to a contractor. 

combustible – Any material that, in the form in which it is used and under the conditions anticipated, will 
ignite and burn, or will add appreciable heat to an ambient fire. See ASTM E136, Standard Test Method 
for Behavior of Materials in a Vertical Tube Furnace at 750 °C. 

combustible liquid – Any liquid that has a closed-cup flash point at or above 100 °F (37.8 °C). 

common path of travel – The portion of exit access that must be traversed before two separate and 
distinct paths of travel to two exits are available. 

continuity of combustibles – The distribution or arrangement of fixed or transient combustible items, 
whose proximity is sufficiently close, one to another, that the ignition of one item can be expected to 
cause the spread of the fire to other items within the compartment or area. 

critical process equipment – Equipment the condition of which can cause a change in the continued 
operation of a vital DOE program. 

defense-in-depth – Typically associated with facilities that can be classified as a highly protected risk or 
an improved risk. This means that reliance is not placed on any single fire protection feature to ensure an 
acceptable level of fire safety. 

deficiency – Condition(s) that fail(s) to meet a requirement. 

equivalency – An alternative means of providing an equal or greater degree of fire safety than that 
afforded by strict conformance to prescribed codes and standards. 

exemption – The release from one or more requirements in a directive. Unless specified otherwise in the 
directive, exemptions are granted, in consultation with the Office of Primary Interest (OPI), by the 
Program Secretarial Officer, or their designee, or in the case of the National Nuclear Security 
Administration, by the Administrator or designee, and documented for the OPI in a memorandum. For 
those directives listed in Attachment 1 of DOE O 410.1, Central Technical Authority Responsibilities 
Regarding Nuclear Safety Requirements, Central Technical Authority concurrences are required prior to 
the granting of exemptions. 

exit – That portion of a means of egress that is separated from all other spaces of a building or structure 
by construction or equipment as required to provide a protected way of travel to the exit discharge. 

exposure – The potential heat effect from an external fire, which might cause ignition of, or damage to, 
an exposed facility or area or its contents. 
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exposure fire – A fire that starts at a location that is remote from the area being protected and grows to 
expose that which is being protected. 

finding – An instance of clear noncompliance with National Fire Protection Association (NFPA) 
referenced building codes or other codes of record, applicable laws, or applicable DOE Orders and 
procedures, and where no exemption has been granted by the DOE AHJ. 

fire area – An area that is physically separated from other areas by space, barriers, walls, or other means 
in order to contain fire within that area. 

fire barrier – A fire barrier is a wall, partition, ceiling, or floors that separate portions of buildings to 
restrict the spread of fire (e.g., fire-rated corridors, stairwells). A fire barrier is usually of noncombustible 
construction with a designated fire-resistive rating of less than 2 hours. 

fire door or fire door assembly – Any combination of a fire door, a frame, hardware, and other 
accessories that together provides a specific degree of fire protection to the opening. In addition, devices 
used to protect openings in walls, floors, and ceilings against the spread of fire and smoke. The fire door 
ratings are permitted by code to be less than the surrounding fire barrier. 

fire brigade (FB) – Facility personnel trained in incipient-stage firefighting operations. At the WIPP site, 
fire brigade personnel are trained to perform advanced interior structural firefighting in support of search 
and rescue activities. 

fire hazard – Anything or any act that increases or may cause an increase of the hazard or menace of fire 
to a greater degree than that which is recognized as normal by persons regularly engaged in preventing 
and extinguishing fires, or that may obstruct, delay, hinder, or interfere with the operations of the fire 
department or the egress of occupants in the event of fire. 

Fire Hazards Analysis (FHA) – A comprehensive and qualitative assessment of the potential for a fire at 
any location to ensure that the possibility of injury to people or damage to building, equipment, or the 
environment is in compliance with DOE fire safety requirements within individual fire areas in DOE 
facilities. 

fire loss – The dollar cost of restoring damaged property to its original condition, whether or not such 
restoration actually occurs. In determining loss, the estimated damage to the building and contents shall 
include replacement cost. The cost of decontamination and cleanup and the effects on related areas should 
be included in all property loss amounts. Also see Maximum Possible Fire Loss. 

fire protection – A broad term that encompasses all aspects of fire safety, including building construction 
and fixed building fire features, fire suppression and detection systems, fire water systems, emergency 
process safety control systems, emergency firefighting organizations (fire department and fire brigade), 
fire protection engineering, and fire prevention. Fire protection is concerned with preventing or 
minimizing the direct and indirect consequences of fire. It also includes aspects of the following perils as 
they relate to fire protection: explosion, earthquake, lightning, and smoke and water damage from fire 
protection activities. 

Fire Protection Engineer (FPE) – A graduate of an accredited engineering curriculum who has 
completed not less than four years of engineering practice, three of which were in responsible charge of 
diverse fire protection engineering work. If not such a graduate, an engineer should either (1) demonstrate 
knowledge of the principles of fire protection engineering, showing evidence by specific academic 
courses and written examination in the related curricula of physical, mathematical, and engineering 



Fire Hazard Analysis for the Waste Isolation Pilot Plant  WIPP-023, Rev. 5A 

xxii 

sciences, and have completed not less than six years engineering practice, three of which were in 
responsible charge of diverse fire protection engineering projects, or (2) be a Registered Professional 
Engineer in fire protection. Federal FPEs under the Department’s Federal Technical Capability Program 
(see DOE Order 426.1, Federal Technical Capability) are qualified according to DOE-STD-1137-2007, 
Fire Protection Engineering Functional Area Qualification Standard (Ref. 9). 

fire protection system – Any system designed to detect, extinguish, and limit the extent of fire damage 
or enhance life safety, and as defined in DOE Fire Protection Orders. 

fire resistance rating – The time, in minutes or hours, that materials or assemblies have withstood a fire 
exposure as established in accordance with an approved test procedure appropriate for the structure, 
building material, or component under consideration. 

fire wall – A fire barrier assembly with a fire resistance rating of three test hours or longer, built to permit 
complete burnout and collapse of the structure on one side without extension of fire through the fire wall 
or collapse of the fire wall. 

flammable liquid – Any liquid that has a closed-cup flash point below 100 °F (37.8 °C). 

hazard – A source of danger (i.e., material, energy source, or operation) with the potential to cause 
illness, injury, or death to personnel or damage to an operation or to the environment (without regard for 
the likelihood or credibility of accident scenarios or consequence mitigation). 

high-efficiency particulate air (HEPA) filter – Throwaway extended pleated medium dry type filter 
with (1) a rigid casing enclosing the full depth of the pleats, (2) a minimum particle-removal efficiency of 
99 percent for thermally generated mono-disperse smoke particles with a diameter of 0.3 micrometer, and 
(3) a maximum pressure drop of 1.0 inch (e.g., when clean and operated at its rated airflow capacity). 

high-value property – Any nonstructural item that has a replacement value of $3 million or more. 

high-value equipment – Equipment (such as cranes, pumps, valves, control panels) that has a value 
exceeding the level of loss established by the AHJ, or a one-of-a-kind piece of equipment that cannot 
readily be replaced. 

improved risk – Property protection that reduces risk to a level that would qualify for complete insurance 
coverage by the Factory Mutual (FM) System, Industrial Risk Insurers, or other industrial insurance 
companies that limit their insurance underwriting to the best-protected class of industrial risk. 

improvement – Action that can enhance, improve, or add value to a programmatic or design feature. 

listed – Equipment, materials, or services included in a list published by an organization that is acceptable 
to the authority having jurisdiction and concerned with evaluation of products or services, that maintains 
periodic inspection of production of listed equipment or materials or periodic evaluation of services, and 
whose listing states that either the equipment, material, or service meets appropriate designated standards 
or it has been tested and found suitable for a specified purpose. This definition applies to products that are 
Underwriters’ Laboratories (UL) listed, FM Global approved, MSHA approved, or certified by another 
nationally recognized testing laboratory as defined by the Occupational Safety and Health Administration. 

listed/approved – Equipment or materials that have been tested, passed, and are included in a current list 
published by a nationally recognized testing laboratory that is concerned with product evaluation and is 
acceptable to the AHJ. The laboratory maintains periodic inspection of production of listed equipment or 
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materials. Such lists state either that the equipment or material meets appropriate standards or has been 
tested and found suitable for use in a specified manner. This definition applies to products that are UL 
listed or FM approved. 

maximum possible fire loss (MPFL) – The value of a building and its contents, excluding land value, 
within a fire area, unless an FHA or a fire protection assessment demonstrates a lesser (or greater) loss 
potential. This assumes the failure of both automatic fire suppression systems and manual firefighting 
efforts. 

means of egress – A continuous and unobstructed way of travel from any point in a building or structure 
to a public way, consisting of three separate and distinct parts: (1) the exit access, (2) the exit, and (3) the 
exit discharge. 

noncombustible – Describes a material that, in the form in which it is used and under the conditions 
anticipated, will not ignite, burn, support combustion, or release flammable vapors when subjected to fire 
or heat. 

observations – Documentation when an area for improvement is identified with codes, standards, or best 
business practices not contained in the DOE Orders. 

occupancy – The purpose for which a building, or portion thereof, is used or intended to be used. 

requirement – An issue raised by the FHA that must be implemented in order to ensure adequate fire 
protection (e.g., combustible control limits, Technical Safety Requirements [TSRs]). 

risk – A metric used to describe the potential for harm or loss and the probability of occurrence. 

Safety Class (SC) Structures, Systems, and Components (SSC) – The SSCs (including portions of 
process systems) the preventive or mitigative functions of which are necessary to limit radioactive 
hazardous material exposure to the public, as determined from safety analysis. 

Safety Significant (SS) Structures, Systems, and Components (SSC) – The SSCs that are not designed 
as SC SSCs, but the preventive or mitigative functions of which are a major contributor to defense-in-
depth and/or worker safety, as determined from safety analysis. 

shall – Indicates a mandatory requirement. 
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1.0 Introduction 

The Waste Isolation Pilot Plant (WIPP) is a facility for the management, storage, and disposal of 
transuranic (TRU) wastes. These wastes are byproducts of nuclear weapons production and have been 
identified in terms of waste streams based on the processes that produced them. WIPP is located 
approximately 26 miles east of Carlsbad, New Mexico, off the Jal Highway in Eddy County. WIPP is 
located on a 16-section federal land area under the jurisdiction of the U.S. Department of Energy (DOE). A 
DOE off-limits area of approximately 1,454 acres surrounds the Property Protection Area (PPA) of 
approximately 35 acres. The area within the PPA is paved and gravel surfaced and is enclosed by a 
perimeter security fence. 

There are three basic groups of structures associated with the WIPP facility: surface structures, shafts, and 
underground structures. The surface structures accommodate the personnel, equipment, and support 
services required for the receipt, preparation, and transfer of TRU waste from the surface to the 
Underground. Four vertical shafts connect the surface facility to the Underground. These are the Waste 
Shaft, the Salt Handling Shaft, the Exhaust Shaft, and the Air Intake Shaft. The TRU waste is transferred 
from the Waste Handling Building (WHB) to the Underground through the Waste Shaft. The WIPP 
underground structures are located in mined salt bed 2,150 feet below the surface. 

1.1 Purpose 

This Fire Hazards Analysis (FHA) evaluates the current conditions of the various WIPP facilities that 
support the receipt and permanent disposal of TRU waste at the WIPP site. This FHA is prepared to 
comprehensively and qualitatively assess the risk from fire at the WIPP facility to determine whether the 
DOE fire safety objectives included in the Standards/Requirements Identification Document (S/RID), 
Functional Area 12 (Ref. 50) is met. It was performed to satisfy the requirements of DOE Order 420.1B 
(Ref. 1) and applicable National Fire Protection Association (NFPA) Codes and Standards. DOE Order 
420.1B establishes facility safety requirements related to nuclear safety design, criticality, fire protection, 
and natural phenomena hazards mitigation. These objectives are established to minimize the potential for: 

 The occurrence of a fire or related event; 

 A fire that causes an unacceptable hazardous or radiological onsite or off-site release that will 
threaten the health and safety of employees, the public, or the environment; 

 Unacceptable interruptions to vital DOE programs as a result of fire and related hazards; 

 Property losses from a fire and related events exceeding defined limits as established by DOE; and 

 Critical process controls and Safety Class (SC) and Safety Significant (SS) systems being 
damaged as a result of a fire and related events. 

The conclusions presented in this FHA are based principally on qualitative analysis by qualified Fire 
Protection Engineers (FPEs). They are, however, also supported by quantitative analysis, where necessary 
applying a graded-approach methodology, and by visual observations made during walkdowns of the 
buildings and surrounding areas, by interviews conducted with key facility personnel, and by information 
obtained from previous revisions of this FHA. The WIPP Emergency Services personnel provided updated 
testing data for the fire protection equipment. 

1.2 Approach and Assumptions 

This FHA is developed in accordance with the requirements of the DOE fire protection directives. This 
FHA was prepared and reviewed by qualified FPEs who meet the qualifications set forth in DOE Standard 
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DOE-STD-1066-99 (Ref. 8). 

The following assumptions were made in performing this analysis: 

 The facilities/structures considered and discussed in this analysis represent the current condition of 
the WIPP facilities. 

 The existing configuration management program controls changes to maintain the design and 
operating features of structures, systems, and components that support conclusions described in 
this analysis. These include, but are not limited to, in-situ (permanent plant items) levels of 
combustibles; size, location, and construction of facilities; and operational characteristics of 
equipment. 

 NFPA 101® (Ref. 39), The Life Safety Code®, was used to evaluate the life safety requirements of 
the surface facilities.  

 Life safety provisions provided in the Code of Federal Regulations, Title 30, Part 57 (30 CFR 57), 
Safety and Health Standards Underground Metal and Nonmetal Mines (Ref. 1), promulgated by 
the U.S. Department of Labor Mine Safety and Health Administration (MSHA) were used to 
evaluate the life safety requirements of the shafts and underground facilities. 

 The site is governed as an active mine by 30 CFR 57, Safety and Health Standards Underground 
Metal and Nonmetal Mines (Ref. 1), promulgated by MSHA. 

 Definitions of unacceptable and acceptable risk associated with both the frequency and the 
consequences (chemical and/or radiological) of postulated fire events are as provided in the WIPP 
Hazards Analysis (Ref. 60). Where the fire event risk is unacceptable (or marginally acceptable), 
controls are credited to reduce the frequency and/or mitigate the consequences of the event. 

 Operations at the WIPP facility are not considered a “vital DOE program.” The program has not 
been designated a vital DOE program by the Program Secretarial Officer. Therefore, postulated 
events that result in an impact on WIPP facility programs and operations, although potentially 
serious to the site, cannot impact the site’s ability to achieve the Section 1.1 objective related to 
impacting vital DOE programs because it does not apply. 

1.3 Facility Use and Function 

The WIPP facility is operated by Nuclear Waste Partnership LLC (NWP) for the DOE. NWP employs 
approximately 600 full-time personnel to support the operation of WIPP, with approximately 100 
personnel at any given time directly involved in the following underground activities; mining, waste 
disposal, maintenance, and research projects. On occasion there are tours in the Underground that 
significantly increase the number of occupants, although there is an administrative maximum limit set at 
145 occupants. The WIPP facility serves as a site for the management, storage, and safe permanent 
disposal of TRU wastes, which are byproducts of the nuclear weapon production program, and WIPP is 
classified as a Hazard Category 2 Nuclear Facility. 

WIPP is the world’s first underground repository licensed to safely and permanently dispose of TRU 
waste. After more than 20 years of scientific study, public input, and regulatory reviews, WIPP began 
operations on March 26, 1999. The project facilities include disposal rooms mined 2,150 feet underground 
in a 2,000-foot-thick salt formation that has been stable for more than 200 million years. The facility is 
located in the remote Chihuahuan Desert of southeastern New Mexico. The natural salt mineral (halite) 
mined at WIPP is noncombustible in its pure form (Ref. 26). The mineral deposits found mixed in the 
substrate (dirt, clay, iron, etc.) would not cause it to be combustible. TRU wastes are currently stored at 
multiple sites nationwide. The WIPP facility, therefore, plays a critical role in helping DOE achieve its 
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environmental mission of disposing of radioactive waste resulting from national defense activities. 
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2.0 Facility Description 

The WIPP surface structures accommodate the personnel, equipment, and support services required for the 
receipt, preparation, and transfer of waste from the surface to the Underground. The surface structures are 
located in an area within a perimeter security fence (Figure 2.0-1). 

 

Figure 2.0-1. WIPP Site Plan 

A spatial view of WIPP showing the relationship of the surface structures to the shafts and underground 
structures is presented in Figure 2.0-2. 
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Figure 2.0-2. Spatial Arrangement of the WIPP Facility 

The underground drifts, panels, and rooms provide a secure and stable environment for permanent disposal 
of TRU waste into the natural salt formation 2,150 feet below the surface. 

2.1 Waste Handling Building 

The WHB (Bldg. 411) and its associated systems provide a structure for unloading TRU waste from the 
incoming shipping containers and transferring that waste to the underground disposal area via the Waste 
Shaft. The WHB is divided into the following areas: the contact-handled (CH) waste handling area, the 
remote-handled (RH) waste handling area, the WHB support area, and the WHB Mechanical Equipment 
Room (MER). The WHB is surrounded by pavement and gravel on all sides and is approximately 200 feet 
from the PPA security fence. Figure 2.1-1, Figure 2.1-2, and Figure 2.1-3 depict the arrangement of the 
WHB. The WHB is equipped with three automatic sprinkler systems as described in Section 9.3.1. 
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Figure 2.1-1. Waste Handling Building, First Floor 

Entrance Airlock 
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Figure 2.1-2. Waste Handling Building, Second Floor 
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Figure 2.1-3. Waste Handling Building, Sections 

The WHB is a steel-frame structure with insulated steel siding, and includes portions of the building, such 
as the Hot Cell Complex and the Shielded Storage Room, that are constructed of concrete for shielding and 
structural purposes. The WHB is constructed in accordance with the requirements for NFPA 220 (Ref. 40), 
Type II (000) construction. A structural survey determined that the post-and-beam construction has no 
critical structural elements. The portion of the north wall of the WHB directly across from the Support 
Building includes masonry construction, which provides nominally two-hours of fire resistance in the 
event of a Support Building fire. The WHB is designed to withstand the design-basis earthquake (DBE). 
The DBE is a seismic event that generates a free-field horizontal and vertical ground acceleration of 0.1 g, 
based on a 1,000-year recurrence period. The WHB is also designed to withstand the design-basis tornado 
(DBT). The design parameters for the WHB are described in System Design Description (SDD) 
CF00-GC00 (Ref. 49). 

The Support Building corridor is an enclosed walkway between the WHB and Support Building with exit 
doors at both ends. The roof of the main access corridor is 15 feet, 7 inches above grade level and features 
a double-glazed glass skylight construction that extends across the corridor (see Figure 2.1-4).  

4.
5
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5
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5
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5
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Figure 2.1-4. WHB to Support Building Corridor, Looking West 

The section of the north wall of the WHB within the corridor (below the skylight construction) is exposed 
concrete. Above the corridor, the north wall of the WHB is enclosed by the tornado-resistant wall 
construction. The tornado-resistant wall consists of an interior and exterior steel panel with glass 
fiberboard insulation placed between the two panels. The outside panel of the tornado-resistant wall is 
fabricated from 24-gauge G-90 steel, which is formed to have 4.5-inch-spaced ribs. The inner panel of the 
tornado-resistant wall is constructed of 24-gauge G-90 steel. The fiberglass insulation that is placed 
between the two panels is offset 0.5 inch from the exterior panel by 18-gauge galvanized steel subgirts.  

A portion of the north wall in the area immediately adjacent to the Support Building (see Figure 2.1-1) and 
extending approximately 10 feet past the western end of the Support Building is provided with a concrete 
and masonry wall construction up to plan elevation 123 feet (23 feet above grade). The bottom portion (10 
feet, 7.5 inches to 15 feet, 8 inches high, depending on the specific room) is 1-foot-thick concrete. The top 
portion is constructed of 6-inch-thick layered solid brick from the top of the concrete wall to the first floor 
ceiling (bottom of the second floor slab) at plan elevation 123 feet. The masonry partition is covered by the 
tornado-resistant wall construction and is located between the inside of the tornado-resistant wall and the 
main structural columns supporting the building. The bricks are placed around other structural members 
(girts) where applicable. These design attributes are depicted on Figure 2.1-5. The 1-foot-thick concrete 
portion of the wall is capable of being qualified to a fire rating in excess of 4 hours, as defined in Table 7 
of Factory Mutual (FM) Data Sheet 1-21 (Ref. 17). The fire resistance of the brick partition atop the 
concrete wall is also capable of being qualified to a 4-hour fire-rated configuration in accordance with 
Table 720.1(2) of the International Building Code (Ref. 19). The facility design drawing (Ref. 16) 
identifies the masonry portion of the wall as having a 2-hour fire rating. However, this portion is at least 
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partially penetrated by WHB steel support members, which are not part of the tested/qualified 
configuration. The north wall is also penetrated in three places by fire doors that are rated for 1.5 hours in 
accordance with NFPA 101® for egress corridors (Ref. 39). The south wall of the Support Building is of 
tornado-resistant wall construction its entire length.  

 

Figure 2.1-5. WHB Wall Construction at Support Building Corridor, Looking West 

The roof of the WHB consists of a 3.5-inch-thick concrete slab that rests on fluted metal decking supported 
by unprotected steel joists and columns. Covering the concrete slab is a layer of polyfoam insulating 
material that is coated with a polyurethane electrometric finish (Durashield®). The overall thickness of the 
roof from the bottom of the metal decking to the top of the insulating material is 4.5 inches. 
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Roof expansion joints (1-inch) run the entire width of the building from north to south and are located 
approximately over the center of the CH Bay and MER. The 1-inch expansion joints feature a bent metal 
plate with a wood nailer that is covered by metal flashing and an expansion joint cover.  

The floors within the entire WHB are concrete slabs with a steel trowel finish. The floor coverings consist 
only of an epoxy floor sealer with either a natural or painted surface. For ease of decontamination, a 
protective epoxy top coat surface is applied with a special epoxy paint finish. 

2.1.1 Entrance Airlocks  

CH shipping containers are unloaded from the transport trailers in the parking area on the south side of the 
WHB and transferred into the CH Bay through the three entrance airlocks that provide access to the CH 
side of the WHB. The shipping containers are normally offloaded in the parking area and brought into the 
WHB with the Facility Transfer Vehicle (FTV), the Yard Transfer Vehicle (YTV), or 13-ton electric 
forklift as appropriate for the payload being carried. The CH portion of the WHB ventilation system 
maintains the CH Bay at a pressure lower than the ambient atmosphere to ensure airflows into the CH Bay 
for contamination control. To assist the CH ventilation system in maintaining the building at a lower 
pressure than the ambient atmospheric, the doors at each end of the airlock are interlocked to prevent 
inadvertent opening of both doors at the same time, causing an unacceptable loss of ventilation integrity 
(Ref. 49). 

2.1.2 Contact-Handled Bay 

The CH Bay is used for surface CH waste container handling operations. To accommodate the shipping 
containers, the CH Bay is equipped with two TRU docks (TRUDOCKs), each having two cranes, for 
opening, unloading, and closing the shipping containers (see Figure 2.1-1). The waste handling equipment 
is described in SDD WH00, Waste Handling Systems. Each TRUDOCK is designed to accommodate up to 
two shipping containers. The TRUDOCK functions as a work platform, providing access to the shipping 
containers for unloading. The CH Bay also contains a Conveyance Loading Room (CLR) staging area, a 
Shielded Storage Room, a waste handling equipment battery recharge area, and temporary storage areas 
for waste containers. The CH Bay also has storage locations for equipment, facility pallets, and shipping 
container drum pallets. A facility pallet holds up to four drum assemblies (55-, 85-, or 100-gallon 
configurations), four standard waste boxes (SWBs), two 10-drum overpacks (TDOPs), or a combination of 
the waste containers.  

2.1.3 Shielded Storage Room 

The Shielded Storage Room is located in the southeast corner of the CH Bay. The room has a usable 
volume approximately 19 feet long by 15 feet wide by 15 feet tall surrounded by 2-foot-thick reinforced 
concrete walls, ceiling, and floor. The Shielded Storage Room is accessed from the CH Bay through heavy 
steel shield doors. The room is equipped with a smoke detector and a fire protection sprinkler system. The 
Shielded Storage Room is used for the temporary storage of CH waste containers with discrepant 
paperwork, surface contamination, or discrepant radiation levels discovered after the removal of the waste 
containers from the shipping container. Discrepant payloads are placed by an electric forklift either onto a 
facility pallet or into the original shipping container prior to being stored in the shielded holding area.  

2.1.4 Room 108 (TRUPACT-III Handling Room) 

Room 108 (TRUPACT-III Handling Room) is located through Airlock 107 north and west of the CH Bay. 
This was formerly the Overpack and Repair Room. Room 108 is used for automated Transuranic 
Transporter Model-III (TRUPACT-III) handling operations including removing the Standard Large Box 2 
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(SLB2) waste container from the TRUPACT-III, placing it on the automated guided FTV, and ultimately 
carrying it to the Waste Conveyance for downloading to the waste disposal area. A filtered exhaust hood is 
provided to minimize contamination. A safety barrier consisting of an approximately 8-foot-high chain-
link fence is positioned around the automated TRUPACT-III Bolting Station for personnel protection.  

2.1.5 Conveyance Loading Room and Shaft Collar Room  

The CLR is an airlock adjacent to the Waste Shaft Collar Room, which contains the waste shaft collar, 
used for loading CH waste containers on the conveyance loading car. The doors connecting the WHB with 
the CLR are interlocked with the door to the Shaft Collar Room to maintain the requisite facility 
ventilation differential pressure. The Shaft Collar Room has four equipment entry doors that are 
interlocked such that only one can be open at any time. Fencing with gates is provided at the shaft collar 
and the Waste Shaft Station in the Underground to prevent inadvertent access to the shaft. The gates are 
interlocked such that if a gate is open, the conveyance cannot be moved, or if the conveyance is moving 
and a gate is opened, the conveyance emergency stop is actuated. Waste is not transported simultaneously 
with personnel or equipment.  

2.1.6 Remote-Handled Bay 

The RH Bay is an open bay area on the east end of the WHB used for the receipt, unloading, and 
preparation of the RH shipping containers (RH TRU 72-B and 10-160B) for further processing in the Hot 
Cell Complex. This area is 60 feet in height and encompasses approximately 6,000 square feet of floor 
space with 40- and 70-foot hallways around the end and back of the concrete Hot Cell Complex walls. The 
RH Bay area contains a work platform for personnel working on the preparation of the RH shipping 
container while it is mounted on the cask transport car. 

The RH Hot Cell Complex includes the Upper Hot Cell, the Lower Hot Cell, the Service Room (which is 
one level below grade), and the Transfer Cell (which is two levels below grade). Within the Hot Cell 
Complex there are cranes, robots, lighting, cameras, and other electrical equipment used during the transfer 
of an RH waste container from the shipping container. The rooms within the Hot Cell Complex are 
segregated from each other by thick concrete walls, floors, and ceilings; shield valves; shield plugs; and 
shield doors. Only the Service Room is normally occupied during RH waste handling in the Transfer Cell. 
Access to the Lower Hot Cell is prohibited when RH waste is in the Upper Hot Cell. 

The RH Facility Cask (Figure 2.1-6) is a double-end-loading shielded container, weighing approximately 
67,000 pounds empty and 75,000 pounds loaded (with a maximum weight waste canister of 5,980 pounds). 
It is approximately 165 inches long with an approximate height of 98 inches and consists of two concentric 
steel cylinders with the annulus between them filled with lead. The internal cylinder has a 30-inch 
diameter and a 0.50-inch wall thickness. The outer cylinder has an external diameter of 41.75 inches with a 
wall thickness of 0.625 inch. The lead annulus is 4.75 inches thick. The robustness of the RH Facility Cask 
serves to prevent any breach of the waste canister. The cask has a motor-operated gate-type shield valve at 
each end used for loading and unloading RH waste canisters. The shield valves have approximately 9-inch-
thick steel blocks and are designed to support the weight of a fully loaded RH waste canister when they are 
closed and the cask is vertical. 
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Figure 2.1-6. Facility Cask 

The Light Weight Facility Cask (LWFC) is a double-end-loading shielded container that is used to 
transport RH canisters containing the average expected RH TRU waste from the Facility Cask Loading 
Room (FCLR) to the Underground for emplacement. The LWFC is designed such that it provides radiation 
shielding for an RH waste canister and serves as secondary containment for RH waste canisters during 
their transportation through the WIPP facility and emplacement. The LWFC interfaces with the same 
existing facilities and control systems as the Facility Cask from separately located operational stations that 
are placed on the surface and the Underground. 

The LWFC is dimensionally configured in a similar manner to the Facility Cask with two support 
trunnions located approximately mid-length at 180 degrees from each other. The trunnions are located to 
interface with trunnion support points on the Facility Cask Transfer Car (FCTC). The LWFC has two 
similar electric-motor-operated gate-type shield valves, one at each end, for loading and unloading RH 
waste canisters. The shield valves have electrically actuated pins to lock each valve gate closed. The shield 
valves are equipped with limit switches to indicate locking pin position (retracted or inserted) and shield 
valve gate position (open or closed). Additional sensors are mounted on each shield valve housing to 
indicate whether the LWFC is in contact with facility shielding components while rotated vertically in the 
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Facility Cask Rotating Device (FCRD). These sensors ensure that the telescoping port shield on the bottom 
valve housing and the grapple hoist and shield bell on the top valve housing are properly mated with the 
LWFC. Two forklift pockets are incorporated into the cask body for transportation of the LWFC with a 
forklift. For maintenance activities a manual override capability is provided for each shield valve gate. 

2.2 Shafts and Underground Facilities 

Four vertical shafts connect the Underground with the surface and are identified as the Exhaust Shaft, Salt 
Handling Shaft, Air Intake Shaft, and the Waste Shaft. These shafts are noncombustible concrete/steel 
lined from the shaft collar to the top of the salt formation, approximately 850 feet below the surface, and 
are unlined through the salt formation. With the exception of the Exhaust Shaft, each vertical shaft is 
surrounded with fencing/barriers to prevent unauthorized entry and minimize the chance for items falling 
into the shafts. The Air Intake and Salt Handling Shafts are also provided with a structural steel 
head-frame structure and a hoist house with machinery to allow movement of personnel and material from 
the surface to the underground structures in the salt mine. The Waste Shaft is housed between the CH and 
RH areas of the WHB and is described in greater detail below. 

The Exhaust Shaft is used to exhaust air from the underground areas to the surface and is approximately 14 
feet in diameter. The Exhaust Shaft Collar does not use a head frame and hoisting machinery and is sealed 
at the surface to a 14-foot-diameter metal elbow that directs air to the underground ventilation system fan 
inlets. 

The Salt Handling Shaft is 10 feet in diameter in the upper lined portion and just under 12 feet in diameter 
in the salt layer portion and is primarily used to move mined salt to the surface and to transport personnel 
between the surface and Underground. The shaft also acts as a duct for supplying fresh air to the mining 
and disposal areas of the underground structures and is one route for power, control, and communication 
cables to support the underground operations. 

The Air Intake Shaft has an inside diameter of approximately 16 feet and is used primarily to supply fresh 
air to the underground areas and for backup egress of personnel between the surface and underground 
areas. 

The TRU waste is only moved from the surface to the Underground through the Waste Shaft. The Waste 
Hoist Tower, which houses the hoist motor and support equipment, is located between the CH and 
RH Bays of the WHB and sits over the Waste Shaft. The Waste Shaft and hoist arrangement are shown in 
Figure 2.2-1. 

The inside diameter of the unreinforced concrete-lined upper portion of the Waste Shaft is 19 feet. The 
Waste Shaft Conveyance (outside dimensions) is approximately 30 feet high by 11 feet wide by 15 feet 
deep, and is capable of a maximum payload of 45 tons. A man deck, approximately 15 feet above the 
conveyance floor, is provided for personnel transport. The man deck is enclosed with expanded metal 
fencing with doors provided for access. (No personnel transport is allowed concurrent with waste 
transport.) The man deck can be removed to permit transporting tall and/or heavy loads. 

All conveyances for the three shafts also have platforms to facilitate periodic inspection of the shaft 
conditions. 

The underground facilities are located 2,150 feet below the surface and include the waste disposal, 
construction, north, and Waste Shaft Station areas. The general arrangement of the underground facilities 
is depicted in Figure 2.2-2. 
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Figure 2.2-1. Waste Shaft and Hoist Arrangement 
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Figure 2.2-2. WIPP Underground Facilities Arrangement 
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The waste disposal area provides space for 6.2 million cubic feet of TRU waste material in TRU waste 
containers. This area also provides four main entries and crosscuts that allow access and ventilation of the 
spaces during excavation and waste storage activities. Typical entries are 13 feet high and 14 to 16 feet 
wide. The waste disposal area is designed so each panel contains seven rooms. The rooms have nominal 
dimensions of 13 feet high by 33 feet wide by 300 feet long, and are separated by 100-foot-wide pillars 
(unmined salt areas).  

The north end of the WIPP mine has the experimental area, the maintenance area, and various storage 
areas for supplies required for mine operation. These include designated electrical equipment storage, tire 
storage, combustible storage, and oil storage areas. 

2.3 Support Facilities 

2.3.1 WHB Confinement Ventilation 

The WHB ventilation systems provide pressure differentials between building interior zones and the 
outside environment to prevent potentially contaminated air from reaching the environment. The WHB 
ventilation systems continuously filter the exhaust air from waste handling areas to reduce the potential for 
release of radioactive effluents to the environment. Airlocks for ventilation differential pressure control are 
electrically interlocked such that only one door at a time can be open. 

The CH and RH Bay areas are supplied by separate, independent ventilation systems. The Hot Cell 
Complex has a separate ventilation system with its high-efficiency particulate air (HEPA) filters in the 
HEPA Filter Room north of the Lower Hot Cell in the RH portion of the WHB.  

Each supply air handling unit consists of prefilters, cooling coils, heating elements, fans with associated 
ductwork, and controls to condition the supply air to maintain the design temperature during winter and 
summer. Fan operating status, filter bank (prefilters and HEPAs) pressure drops, and static pressure 
differentials are monitored in the Central Monitoring Room (CMR). The filtration system consists of pre-
filters and HEPA filters sized in accordance with design airflows using industry standards for maximum 
efficiency, and exhaust fans that pull ventilation air through the HEPA filters prior to exhausting out the 
WHB exhaust vent.  

The air handling unit’s supply and exhaust fans are designed to maintain building pressure at negative with 
respect to atmospheric pressure and maintain the design airflow pattern. During normal operation, if the 
operating exhaust/supply fan fails, the corresponding supply/exhaust fan is stopped. The standby 
ventilation system is started automatically and can also be started manually. The headspace of each CH 
shipping container is vented into a vacuum system that collects any airborne particulate contamination on a 
swipe medium. The sample system exhausts headspace gas and potential airborne-particulate 
contamination through HEPA filtration prior to exhausting air into the CH Bay exhaust stack. 

2.3.2 Exhaust Filter Building Ventilation System 

The Exhaust Filter Building (EFB) supports the operation of the underground ventilation system and 
contains the underground ventilation system HEPA filters. The function of the ventilation system in the 
EFB, major components, operating characteristics, safety considerations, and controls are similar to the 
CH waste handling area in the WHB. Each supply air handling unit in the EFB consists of pre-filters, an 
electric heating coil, and a fan to condition the air as required to maintain the design temperature. The EFB 
ventilation system exhausts air from all potentially contaminated areas of the building through two filter 
housings, each containing a bank of pre-filters and two stages of HEPA filters, and two exhaust fans prior 
to discharging to the atmosphere. The EFB exhaust air is discharged to the underground exhaust duct that 
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passes through Effluent Monitoring Station B so that it can be monitored for airborne radioactive 
contaminants.  

2.3.3 Underground Ventilation System  

The underground ventilation system serves the WIPP Underground to provide acceptable working 
conditions and a fresh air base during normal operations and off-normal events including waste handling 
accidents. In the event of a breach of waste containers, the underground ventilation system is designed to 
provide confinement of radioactivity when placed in filtration mode. The underground ventilation system 
is designed as an exhausting system. The underground ventilation is designed to supply sufficient 
quantities of air to all areas of the repository. The operation of diesel equipment in the Underground is 
subject to minimum airflow requirements for each piece of equipment operated. 

The underground ventilation system, depicted in Figure 2.3-1, is divided into four separate flow paths or 
air splits, called circuits, supporting the waste disposal area, the construction area, the north area, and the 
Waste Shaft Station. The waste disposal, construction, and north areas receive their air supply from 
common sources: the Air Intake Shaft and the Salt Handling Shaft. The Waste Shaft Station receives its air 
supply from the Waste Shaft and auxiliary air intake. Airlocks and bulkheads separate the Waste Shaft 
Station ventilation circuit from the other three circuits. The four air circuits combine near the Exhaust 
Shaft, which is the common discharge from the Underground.  
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Figure 2.3-1. WIPP Underground Ventilation Airflow Diagram 
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Ventilation Modes 

Normal Two main exhaust fans 
Alternate One main exhaust fan 
Reduced Two filtration fans 
Minimum One filtration fan 
Maintenance One main exhaust fan and one or two filtration fans 
Filtration Filters plus one filtration fan 

Adsorption Filter 

An adsorption-filtered recirculation ventilation system to remove Volatile Organic Compounds (VOCs) 
from closed panels was installed at S-3310 and Panel 4. The installation involves the creation of a 10-foot-
long gas space collection plenum at the end of closed Panel 4 and the provision of a closed-loop 
(recirculating), adsorption-filtered ventilation circuit immediately adjacent, but external, to the new 
collection plenum. The new filter and fan is ducted to the gas space collection plenum. The adsorption 
filter is expected to collect VOCs emitted from the closed panel. A rigorous evaluation and 
characterization of underground VOCs was completed and documented in WIPP-033 Project Fire Hazard 
Analysis for the VOC Filtration System Installation in the Underground (Ref. 61). The filter medium can 
consist of approximately 100 pounds of Zeolite, 100 pounds of activated charcoal, or a mixture of the 
media. The recirculation circuit is not equipped with a HEPA pre-filter for nucleotides. The filter package 
is a commercially available unit containing a filter pack and a variable-speed centrifugal blower fan 
capable of developing 1,000 scfm within a sheet metal housing. The inlet and return ducting is 12 inches in 
diameter. Filtered bleed air to the exterior generates a slightly negative plenum pressure. Except for the 
small quantity of bleed air, this creates a closed-loop filtration system (Figure 2.3-2). 
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Figure 2.3-2 Adsorption-Filtered Recirculation Ventilation System 

2.3.4 TRUPACT Maintenance Facility 

The TRUPACT Maintenance Facility (TMF) (Bldg. 412) shares its east wall with the west wall of the 
WHB CH Bay and a portion of its north wall with a portion of the south wall of Room 108. The TMF is 
designed to withstand the DBE and DBT such that it does not collapse on the WHB. The TMF is 
constructed as a Uniform Building Code (UBC) (Ref. 51) Occupancy Group B-2, Construction Type II 
building. Its classification per NFPA 220 is Type II (000) noncombustible. The building provides space for 
the maintenance of health physics equipment, operational support activities, and storage of non-waste 
materials such as waste handling charging equipment. The TMF also contains an office area for 
radiological control (RADCON) equipment storage and personnel. This office area is fully sprinkler-
protected. The design parameters for the TMF are described in SDD CF00-GC00 (Ref. 49). 

2.3.5 Warehouse Building 

The Warehouse Building (Bldg. 453) (Figure 2.3-3) provides space for plant equipment storage, as well as 
shipping and receiving operations for materials, including hazardous materials. The building is a pre-
engineered structure constructed with steel-frame, sandwich-panel walls.  

The Warehouse Building has a total floor space of 12,800 square feet. The building features a 
noncombustible construction of sheet metal panels on unprotected steel framing. The floor is a concrete 
slab on grade with no floor covering. The NFPA 220 construction classification of the building is Type II 
(000) noncombustible and is fully sprinkler protected by a full-coverage pipe schedule design fire 
suppression system (FSS). A duct over 4 feet wide was installed in the Quality Assurance office area that 
obstructs sprinkler coverage as required by NFPA Standard for the Installation of Sprinkler Systems, 
Section 13, 8.5.5.3.1 (Ref. 28). Adequate interim compensatory measures were established to limit 
combustible storage in the area, and a maintenance request was submitted in 2009. 
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Figure 2.3-3. Warehouse Building 

2.3.6 Auxiliary Warehouse Building 

The Auxiliary Warehouse Building (Bldg. 481) (Figure 2.3-4) provides space for plant equipment storage 
for items of infrequent turnover. Items stored in the Auxiliary Warehouse Building include extended-lead-
time items of value such a spare fire pump, hoisting wire rope, and custom-manufactured hoisting 
replacement equipment. 

The Auxiliary Warehouse Building has a total floor space of 12,400 square feet. The building is a 
pre-engineered steel structure, noncombustible construction of sheet metal panels on an unprotected steel 
frame. The floor is a concrete slab on grade with no floor covering. The NFPA 220 construction 
classification of the building is Type II (000) noncombustible and the building is fully sprinkler protected. 

 

Figure 2.3-4. Auxiliary Warehouse Building 

2.3.7 Hazardous Material Storage Facility 

The Hazardous Material Storage Facility (Bldg. 474) (Figure 2.3-5) consists of five structures used for the 
storage of hazardous material and hazardous waste. The area is completely fenced in and access is limited 
to authorized personnel. The area is located directly south of the water pump house and water storage 
tanks. 



Fire Hazard Analysis for the Waste Isolation Pilot Plant  WIPP-023, Rev. 5A 

24 

The five structures of the Hazardous Material Storage Facility are described below. 

Building 474A – Infectious Waste Storage Building. This is a compartmentalized prefabricated storage 
unit for storing transient waste, most of which is generated from the site’s medical facility. The building is 
a pre-engineered 1-hour fire-rated enclosure specifically built for waste storage purposes. The building is 
protected against fire by a sprinkler system. 

 

Figure 2.3-5. Hazardous Material Storage Facility 

Building 474B – Mixed Waste Storage Building. This is a compartmentalized prefabricated storage unit 
for minor storage of radiological mixed wastes, flammable solvents, and organics. The building is a pre-
engineered 1-hour fire-rated enclosure specifically built for waste storage purposes. The building is 
protected against fire by a sprinkler system. 

Building 474C – Oil and Grease Storage Building. This building is a steel-frame, metal-clad building 
used for the storage of lubricants and oils. The building is on a raised foundation and poured-concrete floor 
decking. The NFPA 220 construction classification of the building is Type II (000) noncombustible and 
the building is fully sprinkler protected. Two rate-of-rise thermal detectors are also incorporated for fire 
detection. 

Building 474D – Gas Bottle Storage Building. This is an open steel-frame structure for gas bottle/
cylinder storage. The NFPA 220 construction classification of the building is Type II (000) 
noncombustible and the structure is fully sprinkler protected. Gas bottles stored in this area include argon, 
carbon dioxide, oxygen, acetylene, nitrogen, and helium gas (99 percent). 

Building 474E – Hazardous Waste Storage Building. This building is a steel-frame, metal-clad building 
used for the storage of non-radiological hazardous waste. The building is on a raised foundation and 
poured-concrete floor decking. The NFPA 220 construction classification of the building is Type II (000) 
noncombustible and the structure is protected by a full-coverage automatic sprinkler FSS. A single 
container of calcium hypochlorite is stored in this building. The building is supplied with a placard 
indicating the presence of this Class 3 oxidizer in accordance with NFPA 430 (Ref. 41). 

2.3.8 Minor Surface Facilities 

Various minor surface facilities are found throughout the site. These surface-based facilities range from 
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trailers to specific purpose-built structures. Nearly all of the minor surface facilities are fully sprinkler 
protected and interfaced to the site’s alarm monitoring system. These buildings, while important in the 
accomplishment of their intended functions, do not present a significant fire risk to the primary WIPP 
operation or present a threat from fire exposure to any of the major facilities addressed in this FHA. Each 
of these buildings is reviewed and evaluated with an individual Fire Safety Analysis. The Fire Safety 
Analyses are maintained by Nuclear Safety. 

The WIPP mine shafts do not have any structures around their surface penetrations that contain significant 
combustible material. Head-frames for the Salt Handling Shaft and Air Intake Shaft are of structural steel. 
The hoist houses for these shafts are more than 50 feet away. The Waste Shaft interfaces with the surface 
inside the WHB. The WHB is of noncombustible metal construction. The Waste Shaft Tower inside the 
WHB is provided with automatic sprinkler protection. The auxiliary air intake for the Waste Shaft 
interfaces at a point 20 feet below the surface. For these reasons, a fire in the WHB Waste Shaft is not 
likely to have a significant impact on the air quality in the underground mine area. 

The Waste Shaft auxiliary air intake provides an outside air intake circuit for supplying air to the Waste 
Shaft. The Auxiliary Air Intake Structure (Bldg. 465) is a concrete masonry structure located on the 
northwest side of the Safety Building (SB) (Bldg. 452). Figure 2.3-6 shows the Auxiliary Air Intake 
Structure with the Safety Building in the background. 

 

Figure 2.3-6. Auxiliary Air Intake Structure 

2.3.9 Minor Underground Facilities 

In the underground areas, the construction and north areas contain facilities to service and maintain 
underground equipment for mining and waste disposal operations. The construction and north areas are 
physically separated from the Waste Shaft Station and waste disposal areas by bulkheads, overcasts, and 
airlocks that are constructed of noncombustible materials except for door seals, wiring, and flexible 
flashing used to accommodate salt movement. Some mining construction activities may be required within 
an active disposal panel; however, these activities can be separated from the disposal processes and areas 
by schedule or time, ventilation controls, and temporary bulkheads. The support facilities on the waste 
disposal side provide a maintenance area, a vehicle parking area with plug-in battery charging, and a waste 
transfer station. The support facilities on the construction side consist of a vehicle parking area, electrical 
substation, welding shop, offices, materials storage area, emergency vehicle parking alcoves, a diesel 
equipment fueling station, and a mechanical shop. 
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The underground construction area fuel dispensing room is in an alcove off the construction exhaust entry. 
This fuel dispensing room includes pumping facilities that provide fuel to the underground diesel-powered 
equipment from one of two portable fuel tanks. The portable tanks are hoisted and lowered into the 
Underground through the Waste Shaft or the Salt Handling Shaft. Diesel tank hoisting is not performed via 
the Waste Shaft when waste is present. Once the diesel tanks are lowered into the Underground, they are 
promptly moved to the fuel storage alcove. An automatic dry chemical FSS is provided at the fuel 
dispensing station and inside the fuel storage alcove. Quantities of fuel are kept to a minimum. Storage of 
significant quantities of used oil is prevented and the oil is promptly removed (Ref. 22). Additionally, the 
area is provided with a ducted exhaust system directly to the exhaust ventilation system, which serves to 
exhaust any fumes or smoke should a fire occur. 

2.4 Fire Barriers 

The original WIPP fire protection design includes fire barriers typical for any industrial facility. None of 
the fire barriers discussed in this subsection are credited in this analysis supporting the facility safety basis 
documentation as a fire-rated assembly. This is a safety basis analysis rule because fire barriers are not 
expected to contain radioactive aerosols and are assumed to fail for Nuclear Safety Analysis purposes. 
However, their robust, noncombustible design is important industrial fire protection, providing 
compartmentalization and separation of fire areas, preventing propagation of fires, and limiting sprinkler 
water demand. An inspection of fire barriers was conducted during the walkdown phase of the FHA and no 
significant deficiencies were noted. 

2.4.1 Waste Handling Building 

The WHB facility has multiple fire-rated walls that provide protection for the following areas: 

Stairwell #1 and Airlock 107  1-hour fire rating 
Stairwell #2 and Airlock 129 1-hour fire rating 
North exterior wall, column line A from col. 1 to col. 8 2-hour fire rating 
Personnel Access Corridor 114 2-hour fire rating 
Airlock 113 2-hour fire rating 
Waste Hoist Control Room 1-hour fire rating 
Elevator 1-hour fire rating 

Additionally, the fire barriers were assessed and Fire Protection Engineering found the fire barriers listed 
in SDD CF00-GC00 (Ref. 49) are maintained in excellent condition. WIPP-FA-1, Facility Fire 
Door/Barrier Assessment (Ref. 66), documented that no open penetrations were observed, all fire doors 
operated properly, and the doors had acceptable gaps between the door, frame, and floor to maintain the 
fire barrier’s integrity. 

A procedure for the annual inspection of fire barriers and associated doors as required by NFPA 80, 
Standard for Fire Doors and Other Opening Protectives (Ref. 37) was issued. This procedure is WP 12 
FP-0061, Fire Barrier and Fire Door Annual Inspection (Ref. 74). 

Although not fire rated by specific design standards such as Underwriters’ Laboratories (UL), the walls of 
the Hot Cell Complex on the north side of the RH Bay can be credited as providing resistance to the spread 
of fire. The poured-concrete walls were designed as radiation shielding and range in thickness from 36 to 
54 inches. In accordance with ASCE/SEI/SFPE 29-99 (Ref. 4), a concrete wall of lightweight aggregate 
mix, 5.1 inches thick, has the capacity to withstand a fire for 4 hours. At the minimum thickness of 36 
inches it is highly likely that the Hot Cell wall would maintain its structural integrity longer than 4 hours.  
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The doors to the Hot Cell area are also not fire rated but are designed as shielded doors. These doors range 
in size and thickness and are of a robust construction capable of withstanding a long-duration fire 
exposure. The door to the Cask Unloading Room (CUR) is steel framed and covered with steel plate with 
the interior of the void filled with concrete. This door would provide substantial protection and withstand 
any design-basis fire exposure. The remaining doors to the Hot Cell Complex are heavy-gauge steel doors 
and thicker in width (2 to 4 inches) than standard 1.5-hour-rated fire doors, although they are not listed as 
fire door assemblies. These doors will provide a degree of protection from a design-basis fire if they are 
maintained closed and latched. All doors, except for the CUR door, have latching mechanisms and are 
maintained in the closed position. The CUR door is normally maintained open. When RH waste is actually 
received at WIPP, the CUR door remains open for processing an RH TRU 72-B shipping container into the 
Transfer Cell. The CUR door is closed for processing RH waste drums from the 10-160B shipping 
container and will not be opened unless the lid is on the shipping container and the Upper Hot Cell floor 
shield plugs are installed. 

The six viewing windows from the operating gallery of the Upper Hot Cell are typical shield windows 
designed for radiation protection. These windows are constructed of heavy-gauge steel framing, have 
multiple glass panels, and are filled with mineral-based oil. Fire loading on either side of the wall would 
not be sufficient to cause a total window failure, but the exposed surface glass can be expected to fail. 
Short-term exposure to a fire may cause the oil in the window cavity to heat and expand beyond the 
expansion tanks’ capacity; therefore, the expansion tanks would vent oil to the floor. In accordance with 
FM testing (Ref. 18), Hot Cell windows function as a fire barrier by preventing fire penetration and 
limiting heat transfer comparable to a rated fire barrier. With minimal fire loading and ignition sources, the 
spilled oil would not be a significant fire hazard. Loss of shielding would be the greater concern if RH 
waste were in the Upper Hot Cell. 

There are four fire dampers associated with the CH Bay. The dampers are installed in the ventilation 
supply ducts leading from the CH Bay through the north wall, which was originally designed and 
constructed as a 2-hour-rated fire wall. These dampers are noted on site drawings as “not being maintained 
per NFPA.” The change was made under Engineering Change Order 10510. This change order referred to 
WIPP-WID 96-2176 (Ref. 67), which found no analytical basis for requiring a fire barrier wall between the 
CH Bay and its adjacent rooms. This has been identified as Issue 2013-01. With a lack of periodic damper 
maintenance, the damper may be considered to be more likely to fail due to thermal link failure. The 
resulting damper failure could cause a ventilation imbalance. The duct pressure is monitored on both the 
upstream and downstream sides of the fire dampers. The pressure change would shutdown the exhaust fan 
and provide a notification to the CMR. Facility Operations would quickly become aware of the ventilation 
imbalance and take necessary actions. 

2.4.2 Underground Facilities  

There are no designed fire barriers separating any of the underground structures or areas. There are a 
number of ventilation bulkheads, control doors, airlocks, and overcasts in the Underground separating the 
disposal and mining and other portions of the Underground. The bulkheads, airlocks, and overcasts are of 
noncombustible construction (i.e., metal) with the exception of flexible seals required to accommodate salt 
movement. While not fire rated, the airlocks do serve as effective barriers to smoke movement. 
Additionally, there is a general lack of continuity of combustible material within the Underground. General 
noncombustible construction, such as metal building panels and structural steel for the supporting facilities 
and mine walls of naturally occurring noncombustible indigenous salt, and widely separated working 
openings/alcoves serve to minimize the potential for fire spread. 
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3.0 Description of Critical and High-Value Components 

3.1 Critical Process Equipment and Programs 

The WIPP Documented Safety Analysis (DSA) (Ref. 14) defines the Structures, Systems, and Components 
(SSCs) and Administrative Control programs that provide preventive and/or mitigative functions necessary 
for the protection of the public and workers from the consequences of postulated accidents. SSCs 
necessary for the protection of the public and workers are designated as SC and SS, respectively. 
Administrative controls are designated as Specific Administrative Controls (SACs), which have safety 
importance equivalent to SC and SS engineered controls, or Administrative Controls (ACs), which provide 
defense-in-depth. The credited controls at the WIPP facility are shown in Table 3.1-1.  

Table 3.1-1. List of Credited Controls 

Credited Controls Related Hazards 

SC SSCs  

WHB Structure and the WHB Noncombustible Construction  Seismic, wind, snow/ice, fire,  

Underground Liquid-Fueled Waste Handling Vehicle Design Fire 

Waste Hoist Structure Impact 

Underground Liquid-Fueled Waste Handling Equipment Fire 
Suppression System 

Fire 

SS SSCs  

WHB Fire Suppression System Fire 

Facility Cask/Lightweight Facility Cask Radiation dose, impact, fire 

Facility Pallet Fire 

Hot Cell Complex Construction Radiation dose, fire, injury 

CH Waste Handling Confinement Ventilation Radiological release 

Hot Cell Complex Confinement Ventilation System Radiological release 

RH Waste Canister Impact, fire, internal deflagration 

TRUPACT-II Unloading Dock 6-Ton Cranes Hold loads 

Property Protection Area Wildland fire 

Panel Closure/Substantial Barrier/Isolation Bulkhead Radiological release, fire 

Underground Design (Construction) Fire 

RH Bay Floor Design Pool fires 

Alignment Fixture Assembly Radiation dose, impact fire 

Waste Hoist System – Brakes Radiological release, impact 

Specific Administrative Controls (SACs)  

Vehicle/Equipment Control Program Impact, fire 

Fuel Confinement Program Fire 

Waste Handling Program Radiological release, impact 
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Underground Liquid-Fueled Waste Handling Vehicle Inspection 
Program 

Impact, fire 

Noncompliant Container Response Program Fire, explosion 

Programmatic Administrative Controls  

Training All 

Fire Protection Program Fire 

Safety Management Programs All 

3.2 Description of High-Value Property 

This FHA defines “high-value property” as any nonstructural item that has a replacement value of 
$3 million or more, or where the loss of a particular item could result in a loss of program continuity for 
greater than 6 months.  

Based on financial cost information from the DOE Facility Information Management System, the WIPP 
underground structures and supporting structures that are deemed to represent high-value property in 
accordance with the DOE-established criteria include the Air Intake Shaft and its associated head-frame 
and hoist house, valued at approximately $5 million; the Waste Shaft and associated auxiliary Air Intake 
Shaft, valued at approximately $5.5 million; the Exhaust Shaft and associated EFB and effluent monitoring 
stations, valued at approximately $10 million; the Salt Handling Shaft and associated head-frame and hoist 
house, valued at approximately $4.5 million; and the underground mine and disposal areas, valued at 
approximately $25 million. 

The WHB cost a total of $26 million to build and improve over the years. The estimated replacement cost 
of the facility is $98 million (per the DOE Facility Information Management System). The replacement 
cost of the TMF is estimated at $8.3 million. No event postulated in this FHA results in a full-scale facility 
fire requiring the replacement of the WHB and TMF or resulting in a fire loss exceeding the DOE 
redundant fire protection threshold of $50 million. 
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4.0 Description of Operations 

4.1 Surface Operations 

The principal operations at WIPP involve the receipt, handling, and disposal of TRU waste and 
emplacement of the waste in the underground salt repository for permanent disposal. The operations of the 
Balance of Plant (BOP) facilities are in direct support of the waste receiving, handling, storage, and 
permanent disposal of radiological TRU waste. These facilities include administrative offices, operations, 
engineering support services, warehousing, and the fire water supply and distribution system. 

CH and RH waste is shipped from various waste generators to the WIPP site in shipping containers that 
have been certified by the U.S. Nuclear Regulatory Commission (NRC). The CH waste is received in the 
Transuranic Transporter Model-II (TRUPACT-II), the TRUPACT-III, or the Half-Package Transporter 
(HalfPACT). The RH waste maybe received in RH TRU 72-B and 10-160B shipping containers. All waste 
received for placement in the WIPP facility must conform to the Transuranic Waste Acceptance Criteria 
for the Waste Isolation Pilot Plant (WAC) (Ref. 12). The WAC prohibits both pyrophoric and compressed 
gas containers in the waste and limits the amount of liquids permitted. All waste containers disposed of at 
WIPP are also required to be made of metal with installed vents. 

The waste handling process begins when the transport tractor-trailer rig arrives at the WIPP security gate. 
In the vehicle trap at the WIPP security gate, the shipping containers are surveyed for contamination and 
shipping documentation is confirmed. After successful contamination survey and documentation 
confirmation, the loaded truck is staged in the parking storage areas for the WHB adjacent to the RH 
entrance or the CH entrance portals as appropriate. Alternately, the contamination survey may be 
conducted in the WHB parking area. In any event, the survey is conducted prior to offloading the shipping 
containers for transport into the WHB. 

4.2 WHB Waste Handling Operations 

4.2.1 CH Waste Receipt and Staging 

A basic diagram of the CH operations is shown in Figure 4.2-1. As each CH waste shipment arrives on 
site, the shipment documentation is inspected and verified to ensure that the waste containers delivered 
match those approved in the WIPP waste information system for disposal at WIPP, a security inspection is 
performed, and the initial radiological survey is completed. If the inspections or survey reveal any 
discrepancy, any actions taken will be in accordance with approved procedures; specifically, the 
noncompliant container response program.  

Following turnover of the shipping documentation, the driver parks the trailer inside the controlled area 
south of the WHB, typically at one of the trailer staging positions, and unhooks the transporter. Final 
external contamination surveys are performed in the controlled area. 
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Figure 4.2-1. CH TRUPACT-II Waste Handling Operations Diagram 

TRUPACT-II and HalfPACT shipping containers are unloaded from trailers outdoors in the controlled 
area using 13-ton electric forklifts (Figure 4.2-2). They may be then be loaded on an FTV (Figure 4.2-3) or 
transported directly through one of three entrance airlocks and placed in a vacant TRUDOCK. TRUPACT-
III shipping containers are offloaded with the ISO Handler attachment on the 35-ton diesel forklift (Figure 
4.2-4). They are then placed on the YTV, transported through the CH Bay to Room 108, and placed in the 
TRUPACT-III Bolting Station. Only electric vehicles are used for CH waste handling operations in the 
WHB. Propane vehicles are prohibited from entering the CH Bay. Liquid-fueled vehicles are prohibited 
from entering the CH Bay whenever waste is outside a closed shipping container. Each airlock is sized to 
accommodate a shipping container on a 13-ton electric forklift or Automated Guided Vehicle (AGV). The 
CH Bay ventilation system maintains the interior of the CH Bay at a pressure lower than the ambient 
atmosphere to ensure that airflows into the CH Bay. To assist the WHB ventilation system in maintaining 
the building at a lower pressure than the ambient atmospheric pressure, the doors at each end of the 
entrance airlocks are interlocked to prevent inadvertent opening of both doors at the same time. 
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Figure 4.2-2. CH TRUPACT-II Offloading 

 

Figure 4.2-3. Facility Transfer Vehicle 
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Figure 4.2-4. TRUPACT-III ISO Handler Lifting Attachment 

After the TRUPACT-II shipping container is placed in a TRUDOCK, the outer lid tamper seal is first 
removed. During outer lid removal, a vacuum may be applied to the outer lid vent port to compress the lid 
toward the vessel body, enabling the locking ring to rotate, unlocking the lid. During this process, the 
atmosphere between the inner lid and outer lid is vented through HEPA filters. The underside of the outer 
lid and top of the inner lid are surveyed for contamination. The outer lid is removed and placed in an 
adjacent laydown area with the aid of the TRUDOCK 6-ton overhead crane and specially designed lifting 
fixture. 

The vacuum pull process is repeated for the inner lid and a radiological assessment filter is attached to the 
vent port tool upstream of the HEPA filter. The radiological assessment filter is subsequently checked for 
radioactive contamination. The TRUDOCK vent hood system is attached to the Inner Containment Vessel 
(ICV) lid, and the lid is raised. The TRUDOCK vent hood system consists of a vent hood assembly, a 
HEPA filter assembly, a fan to provide forced airflow, ductwork, and a flexible hose. The TRUDOCK vent 
hood system provides atmospheric control and confinement of airborne radioactive material and minimizes 
personnel exposure to VOCs. The air from the vent hood is monitored by an alpha continuous air monitor 
prior to passing through the filter. The air is then released into the CH ventilation system return air ducts. 

Prior to moving the ICV lid aside, contamination surveys are performed under the vent hood on the ICV 
lid and accessible waste container surfaces. If no contamination is detected, the vent hood is removed and 
the ICV lid set aside using the same overhead bridge crane and lifting fixture. Additional contamination 
surveys are performed on the waste containers. If no contamination is detected, the TRUDOCK 6-ton 
crane is used to remove and transfer the shipping container payload to the facility pallet. A typical 
TRUPACT-II contains fourteen 55-gallon drums, packaged as two seven-packs. A typical HalfPACT 
contains seven 55-gallon drums that are stretch-wrapped or banded together as a seven-pack. Each 
seven-pack drum assembly sits on a molded slipsheet made of high-density polyethylene. A second 
slipsheet (either polyethylene or cardboard) is placed on top of the seven-pack, and the entire assembly is 
held together by stretch-wrap or banding. Other configurations include four-packs of 85-gallon drums and 
three-packs of 100-gallon drums, three packs of shielded containers, the SWB, and the TDOP. A fully 
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loaded facility pallet holds four drum assemblies, four SWBs, two TDOPs, one SLB2, or two shielded 
container three packs. 

Final contamination surveys are conducted, and the identification numbers of the waste containers are 
recorded for transfer to the Inventory Tracking System. For inventory control purposes, each CH waste 
container identification number is verified against the shipping documentation. Any inconsistencies are 
resolved with the generator site before the CH waste container or containers are emplaced. The shipping 
container and waste container(s) are shipped back to the generator site if the inconsistencies cannot be 
resolved. Waste containers awaiting resolution of discrepancies are stored in the Shielded Storage Room of 
the CH Bay. 

Using a 13-ton electric forklift, the loaded facility pallet is transported to the northeast or the southwest 
area of the CH Bay for staging. This staging area, located outside the CLR is marked to indicate the lateral 
limits of the SLB2 storage area. A minimum aisle space of 44 inches is maintained between facility pallets 
to allow unobstructed movement of firefighting personnel, spill-control equipment, and decontamination 
equipment that may be used in the event of an off-normal event. A maximum of seven loaded facility 
pallets of waste may be stored in the CH Bay. An additional facility pallet of waste may be stored in the 
Shielded Storage Room and at each TRUDOCK. Accident analysis (Ref. 53) assumptions consider that as 
many as eight facility pallets of waste may be staged together. 

SLB2 containers may be staged or stored on facility pallets in the southwest corner of the CH Bay as 
depicted in Figure 4.2-5. Future plans call for additional SLB2 storage stands in the northeast corner in 
place of the facility pallet storage. The stands are placed to maintain the same 44-inch separation for 
personnel access as needed. TRUPACT-III containers are not stored or staged inside the building. They are 
carried directly to the TRUPACT-III Bolting Station and removed from the WHB when emptied. 

After the waste containers are removed from the shipping container, a final radiological survey and 
maintenance inspection are performed on the cask and the unit is prepared for reuse. When the shipping 
container is ready for reuse it is removed from the WHB, loaded on a trailer, and prepared for transport to 
a generator site. 

A site-derived waste storage area located on the north wall of the CH Bay is used for collecting waste from 
waste handling processes in the WHB. Drums or a SWB can be used to accumulate site-derived waste. The 
maximum volume allowed to be stored in the site-derived waste storage area is 65.4 cubic feet.  

Once the TRUPACT-III is positioned at the TRUPACT-III Bolting Station, a robotic bolting machine 
loosens and removes the bolts and lid from the shipping package. The bolting machine is an electro-
mechanical device and contains no hydraulic fluid. An exhaust hood is positioned over the bolt-loosening 
operation to ensure that any particulate matter released due to waste container leakage is captured prior to 
release to the environment. RADCON monitoring activities are conducted in a manner similar to those 
conducted for the TRUPACT-II unloading operations. A safety barrier constructed of an approximately 
8-foot-high chain-link fence is positioned around the TRUPACT-III Bolting Station for personnel 
protection. 

The TRUPACT-III is then carried by YTV to the Payload Transfer Station, where the SLB2 is removed 
from the TRUPACT-III and placed on a WIPP facility pallet stationed atop a waiting FTV. The FTV either 
positions the SLB2, with its facility pallet, on a pallet stand in the CH Bay for later disposal, or carries it 
directly to the Waste Conveyance for downloading to the waste disposal area. 
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Figure 4.2-5. CH Bay Waste Staging Areas 
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4.2.2 CH Waste Transfer to Underground 

A facility pallet of waste containers is moved by electric forklift into the CLR and placed on the 
Conveyance Loading Car, or the facility pallet is placed on an FTV stand for pickup by the FTV and 
transported into the CLR. With an FTV, the Conveyance Loading Car is not used. Two sets of doors are 
provided in the CLR: one set separates the room from the CH Bay and the other set separates the room 
from the Waste Shaft Collar Room containing the Waste Shaft Collar. The doors are interlocked such that 
only one set may be opened at a time. The Waste Shaft Collar Room doors must be opened and the 
CH Bay door closed prior to moving a loaded Conveyance Loading Car to the Waste Shaft Conveyance. 

Pivot rails provided at the Waste Shaft Collar are rotated to the horizontal position when loading the Waste 
Shaft Conveyance and are rotated vertically when not in use. The pivot rails are interlocked such that the 
Waste Shaft Conveyance cannot be moved until the pivot rails are out of the way. Fencing with gates is 
located at the Waste Shaft Collar and the Waste Shaft Station to prevent inadvertent access to the shaft. 
The gates are interlocked such that the conveyance cannot move with a gate open, and if the conveyance is 
in motion when a gate is opened, the emergency stop is actuated. With the CLR/CH Bay airlock door 
closed, the Conveyance Loading Car moves the facility pallet onto the Waste Shaft Conveyance and 
transfers the pallet to the pallet support stand in the conveyance. Only one loaded facility pallet is carried 
at a time. The waste hoist lowers the waste containers to the Waste Shaft Station at the disposal horizon. 
Personnel are not carried on the Waste Shaft Conveyance when waste is being transferred. 

When the Waste Shaft Conveyance has stopped at the Waste Shaft Station, the shaft station gates are 
opened and the underground transporter backs up to the Waste Shaft Conveyance. The facility pallet is 
pulled onto the underground transporter trailer and the underground transporter moves the facility pallet of 
waste containers to the waste disposal room via the waste transportation route. Personnel and other non-
waste handling vehicles move to a crosscut or leave the disposal path/area to minimize the likelihood of 
collisions with the transporter while it is moving waste in the Underground. 

4.2.3 RH Waste Receipt and Handling 

RH waste may be received in RH TRU 72-B shipping containers, which contain a single RH waste canister 
ready for WIPP processing and disposal. RH waste may also be shipped to WIPP in a 10-160B shipping 
container, which requires different processing operations once received at WIPP. RH waste containers are 
not removed from the shipping containers until after the shipping containers are moved into the Hot Cell 
Complex. The thick walls of the Hot Cell Complex provide shielding from the RH radiation level to ensure 
worker protection. RH waste handling operations for the RH TRU 72-B shipping container and the 
10-160B shipping container are depicted in Figure 4.2-6 and Figure 4.2-7, respectively. 

The RH waste handling process begins when the truck arrives at the WIPP gate. After the RH shipping 
container is surveyed for contamination and the shipping documentation confirmed, the loaded cask trailer 
is staged in the parking lot adjacent to the RH entrance to the WHB. Alternately, the contamination survey 
may be conducted in the WHB parking area. In any event, the survey is conducted prior to offloading the 
shipping container for transport into the WHB. The loaded trailer is moved into the WHB RH Bay using a 
diesel-fueled trailer jockey for the RH TRU 72-B shipping container or the transport tractor for the 10-
160B shipping container. Once inside the RH Bay, the tractor or trailer jockey is detached from the trailer 
and exits the RH Bay. The RH Bay doors are closed. Once inside the building, the transport vehicle, or for 
that matter, any vehicle transporting material or supplies in the RH Bay, is constantly attended to minimize 
the possibility of fire and to maximize response capability.
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Figure 4.2-6. RH TRU 72-B Shipping Container Operations Diagram 
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Figure 4.2-7. 10-160B RH Shipping Container Operations Diagram 
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Inside the RH Bay, the shipping container is removed from the transport vehicle and placed on a Road 
Cask Transfer Car (RCTC). After the impact limiters are removed from the RH TRU 72-B shipping 
container, the cask is rotated from horizontal to vertical prior to lifting it from the trailer using the RH Bay 
140/25-ton crane. The rotation is typically done with the hydraulic rotator or a crane. The hydraulic unit 
(pump and reservoir) is maintained in the northeast corner of the RH Bay on a wheeled cart. The reservoir 
capacity is nominally 10 gallons. There are two RCTCs: one for the RH TRU 72-B shipping container and 
one for the 10-160B shipping container. The RCTCs are rail-mounted, and typically only one cask is 
processed at a time because the cask preparation station and CUR only accommodate one shipping 
container at a time. For the RH TRU 72-B shipping container, the Outer Containment Vessel lid of the 
cask is removed and the ICV is vented through a HEPA filter. For the 10-160B shipping container, the 
cask is vented and the lid bolts are removed. Each cask is subsequently moved to the CUR. 

In the CUR the RH TRU 72-B shipping container is lifted from its RCTC with the CUR crane and lowered 
into the shuttle car basket in the Transfer Cell. In the Transfer Cell, the ICV lid of the RH TRU 72-B road 
cask is removed using a robot, the identity of the waste canister is confirmed with cameras, and remote 
radiological surveys are performed, also using a robot. For the 10-160B shipping container, the cask is 
moved to the CUR and the CUR shield door is closed. The 15-ton Upper Hot Cell crane is used to remove 
the Upper Hot Cell floor shield plugs and lift the 10-160B shipping container lid into the Upper Hot Cell. 
Each of the two drum carriages is sequentially lifted into the Upper Hot Cell. The cask lid is returned to 
the shipping container and the Upper Hot Cell floor shield plugs are installed. The 10-160B shipping 
container can then be removed from the CUR and prepared for placement back on the transportation 
trailer. The maximum inventory of the Hot Cell Complex is limited to a total of 12 RH waste drums. For 
an RH canister to be processed from the Upper Hot Cell, the Transfer Cell must be ready to receive it. The 
RH TRU 72-B shipping container must be removed from the Transfer Cell and the shielded insert installed 
in the shuttle car. When the Transfer Cell is ready, the RH canister is lowered into the shielded insert. 

The FCLR grapple hoist lifts the RH waste canister into the RH waste cask. The RH waste cask is 
supported in a vertical position by the FCTC for transfer of the canister into the cask. Once the canister is 
inside, the RH waste cask and the shield valves on the cask are closed and the cask is rotated to the 
horizontal position by the FCRD. The loaded RH waste cask is moved into the Waste Shaft Conveyance 
for transfer to the disposal horizon. 

At the bottom of the Waste Shaft, the FCTC is moved from the conveyance to the intersection of S-400 
and E-140 where the RH 41-ton waste handling forklift picks up the RH waste cask from the car and 
moves it to a borehole in the active RH disposal room. 

Diesel-fueled maintenance vehicles are also periodically employed in the WHB RH Bay. For example, a 
diesel-powered manlift, with 40 gallons of diesel fuel, is infrequently used to assist operators performing 
visual inspections of elevated equipment along the west wall of the RH Bay, which separates it from the 
CH Bay. 

4.3 Underground Operations 

Waste handling operators perform an inspection of the liquid-fueled vehicles/equipment selected for use 
each shift. The inspection includes a visual check for leaks and verification of normal fluid levels in the 
various systems containing fluids. These include the battery as well as the hydraulic, fuel, lubricating, 
transmission, and brake systems. The inspection also verifies proper operation of the vehicle/equipment 
lights and horn. 
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4.3.1 Underground CH Waste Handling Operations 

In the Underground, the loaded CH facility pallet is removed from the Waste Shaft Conveyance, placed on 
the underground transporter (Figure 4.3-1), and moved to the disposal room. For transport to the disposal 
room, a Vehicle Exclusion Zone is established to escort the waste through the transport path, with the 
leading escort and the lagging escort each positioned approximately 25 feet from the underground 
transporter. Escort vehicles are not permitted to be liquid-fueled vehicles, and only the escort vehicles are 
permitted within the exclusion zone. No more than one liquid-fueled vehicle is permitted near the waste (at 
the waste face) during waste emplacement and no more than two liquid-fueled vehicles (one waste 
handling vehicle and one non-waste handling vehicle) are permitted near the waste during retrieval. All 
other liquid-fueled vehicles must remain at a distance of at least 25 feet, unless attended. 

 

Figure 4.3-1. Underground Transporter with Four Seven-Packs 

When active disposal or waste handling operations are not being conducted, all vehicles are prohibited 
within 25 feet of the waste face, unless attended. In the disposal room, the containers are removed from the 
facility pallet and placed in the CH disposal array. The empty facility pallet is returned to the surface for 
reuse. 

CH waste containers, except the SLB2s, are placed within a disposal room and stacked to the equivalent 
height of three drum assemblies. SLB2 waste containers are not stacked, but are placed directly on the 
mine floor. A single waste assembly, with the exception of TDOPs and SLB2s, may be stacked on top of 
the SLB2 to form a two-tiered stack. Shielded containers are only stacked on the floor against the wall or 
on each other, for a maximum of two-high. A super sack of magnesium oxide (MgO) is placed on top of 
columns of CH waste containers in the disposal array. The super sack of MgO per waste column eliminates 
the carbon dioxide produced from microbial consumption of the cellulose, plastic, and rubber contained in 
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the waste. To accommodate the disposal of denser, more compacted waste, columns of MgO that occupy 
the same footprint as a column of waste containers may be placed in the disposal array. These MgO 
columns may occupy the place of several rows of waste columns. Super sacks are constructed of a woven 
polypropylene material formed in a hexagonal shape, roughly the same size as the standard seven-pack of 
TRU waste drums. They are about 61 inches in diameter at the flat surfaces and 25.5 inches high (Ref. 47). 
The flat sides are sewn with an inner and outer layer to form a pocket, which is fitted with four layers of 
1/8-inch-thick cardboard, approximately 19.5 inches high by 36 inches long, to stiffen the sides of the 
super sack. An empty polypropylene sack weighs approximately l0.5 pounds, and the cardboard stiffeners 
weigh approximately 9 pounds total. The inside surface of the inner layer, along with the bottom and the 
top of the sack, form the cavity for placement of dry granular MgO backfill having a loose bulk density of 
approximately 87 pounds per cubic foot. Based on discussions with the manufacturer, Palmetto Industries 
of Augusta, Georgia, the bag is constructed from pure polypropylene, melted from pellets, and extruded 
into a string-like material that is then woven to form the sack top, the sack bottom, and the inner and outer 
sides of the sack. The pieces are stitched together. A typical waste emplacement arrangement is shown in 
Figure 4.3-2. 

 

Figure 4.3-2. Typical Waste Emplacement Arrangement in the Underground 

4.3.2 Underground RH Waste Handling Operation 

The 41-ton waste handling forklift (Figure 4.3-3) carries the RH waste cask from the Waste Conveyance in 
preparation of transport to the active disposal room using a Vehicle Exclusion Zone as described above. 
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Figure 4.3-3. 41-Ton Diesel Forklift in the Underground 

The 41-ton forklift then places a RH Facility Cask onto the Horizontal Emplacement and Retrieval 
Equipment (HERE) (Figure 4.3-4) or the LWFC onto the HERE or the Horizontal Emplacement Machine 
that has been aligned on a disposal borehole. The RH waste cask is pushed up against the shield collar and 
the waste canister is pushed into the borehole. Radiation shielding is maintained throughout the 
emplacement process through the use of the shielded RH Waste cask and shield valves on the 
emplacement equipment. Once the shield plug is in the borehole, the transfer mechanism is retracted, the 
shield plug carriage is removed, and the RH waste cask is removed and returned to the FCTC for transport 
to the surface. If additional shielding is necessary to eliminate the need for radiological postings, shield 
rings, supported by the shield plug, may be added. 

RH waste is typically emplaced within a disposal room prior to the placement of any CH waste in that 
disposal room. The typical waste disposal arrangement of a panel with RH and CH waste storage is 
depicted in Figure 4.3-5. There is no RH waste stored in Panel 1 or 2. 
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Figure 4.3-4. Horizontal Emplacement and Retrieval Equipment (HERE) at a Borehole 
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Figure 4.3-5. Typical Waste Disposal Panel Configuration 
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4.3.3 Panel Closure 

Once a waste storage panel is filled with designated limit of TRU waste, ventilation within the panel is no 
longer necessary. The panel is closed and waste disposal operations are shifted to the next panel to be 
filled. There are currently two approved panel closure designs and either may be used in subsequent 
panels. The closure system for Panels 1 and 2 is a 12-foot-thick solid concrete block explosion/isolation 
wall followed by a 30-foot isolation zone and then either a 26-foot-thick concrete barrier or a 30-foot-thick 
solid concrete block explosion/isolation wall with a run of mine salt backfill through the rest of the drift. 
A substantial barrier and isolation bulkhead has been installed in Panels 3 and 4 and may be installed in 
subsequent panels. This type of panel closure allows gas generation monitoring within a filled panel. The 
substantial barrier consists of a run of mine salt (or other suitable nonflammable fill material) placed 
against the chain link and brattice cloth ventilation stoppage at the waste face such that the height is 
halfway up the top tier of waste at the face and extends at least 10 feet beyond the base of the waste array 
into the panel entries. The chain link and brattice cloth is secured to the ceiling and substantial barrier to 
minimize airflow through the filled panel. These barriers are less restrictive than the panel closure 
explosion/isolation wall. The substantial barrier is placed against the waste face such that the height is 
halfway up the top tier of waste at the face and extends at least 10-feet beyond the base of the waste array 
into the panel entries. This prevents the top tier of waste from falling. An isolation bulkhead is installed on 
the entry side of the substantial barrier to further reduce airflow and prevent human access to the filled 
panel. Sample lines for gas sampling and cables for geotechnical monitoring equipment pass between the 
flashing of the bulkhead isolation barrier and the salt. The substantial barrier and isolation bulkhead 
protects the waste face from operational events in the entries such as vehicle collisions, fires, and 
compressed gas cylinder missiles.  

4.3.4 Underground Mining Operations 

Mining at WIPP is performed by continuous mining machines. One type of continuous mining machine is 
a road header, or boom-type continuous miner, operating a milling head. The milling head rotates in line 
with the axis of the cutter boom, mining the salt from the face. The mined salt is picked up from the floor 
by the loading apron. The mined salt is pulled through the miner on conveyers and loaded into one of the 
haul vehicles. 

Another type of continuous mining machine is a drum miner operating with a head that rotates 
perpendicular to the axis of the cutter boom and cuts the salt away from the working face. The mined salt 
is pulled through the miner on a chain conveyor and then loaded into a haul vehicle. Before mining in new 
areas, probe holes are drilled to relieve any pressure that may be present. 

The salt removed during underground mining is brought to the surface by the Salt Handling Shaft 
Conveyance. Mined salt is loaded into the 8-ton salt handling skip with a skip measuring and loading 
hopper, the skip is raised to the surface and the salt is dumped through a chute to surface haulage 
equipment, which transports the salt to the surface salt pile. 

4.3.5 Underground Experiments  

The unique configuration and mission of the WIPP facility lends itself to experiments by the scientific 
community. These experiments in the Underground are coordinated with Geotechnical and Mine 
Engineering and Underground Operations. The majority of these experiments are small and/or of short 
duration, and do not significantly alter the fire hazards of the facility. However, the Enriched Xenon 
Observatory (EXO) is a large-scale, long-lasting experiment in the underground at WIPP. 

The EXO is a multifaceted program whose purpose is to investigate neutrino-less double-beta decay, an 
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extremely rare type of nuclear process that would allow measurement of the mass of neutrinos. The 
laboratory and support equipment are housed in a set of modular clean rooms. 

Two special anterooms are connected to the clean room system to provide semi-clean staging areas for 
people and materials entering the clean rooms. Closed-circuit refrigerators provide cooling for the liquid 
xenon. Heating, ventilation, and air-conditioning (HVAC) equipment, uninterruptible power supplies, a 
storage vessel for the cooling fluid, a small machine shop, a break room, and other auxiliary equipment are 
all contained in custom-length containers located near the EXO-200 clean room system. 

The EXO project is located in the WIPP Underground in the E300 drift, between N1100 and N1400. 

Other experiments in this area include the Segmented Enriched Germanium Assembly (SEGA) and 
Multiple Element Germanium Array (MEGA) experiments, which investigate double-beta decay to 
determine the mass of the neutrino. The terms SEGA and MEGA refer to a collection of counting stations 
that support the research goals for the experiment originally called the Majorana experiment. The 
developmental work of the SEGA and MEGA collaboration is conducted at the western end of the S90 
drift, at approximately W850 in the Room Q alcove. 

The Copper Electroforming Project (CEP), located in the Room Q alcove, is an experiment to measure the 
natural activity present in copper parts fabricated Underground using electroforming techniques. Limited 
amounts of chemicals, cryogenic materials, and refrigerants used to support the experiments are stored and 
used in the experiment location. 

Mining new drifts for the Salt Disposal Investigations Thermal Test (SDI) experiment began in 2012. The 
experiment will be located at the northeast section of the mine. The test will heat the salt, simulating the 
disposal of thermally hot waste to determine the effect of heat on the salt. Other experiments may be 
developed in the WIPP Underground for future projects yet to be determined. 

4.3.6 Underground Support Facilities 

4.3.6.1 Substations 

The underground electrical subsystem interconnects with the main surface 13.8-kilovolt (kV) system and 
provides a 13.8 kV power source for use in the underground mine. Distribution of electrical service to the 
underground is provided from two remote, independent feeder cables on the surface and carried, via the 
Waste Shaft and the Salt Handling Shaft, to underground switching stations that are separate and remote 
from each other. The switching stations, independent of each other, may provide redundancy to other 
switching stations and substations. The interconnected underground switching stations allow power to be 
maintained for all underground equipment in the event of the loss of one of the underground feeders. All 
switching stations are equipped with dry transformers and switches. From the switching stations, 13.8 kV 
is distributed to supply power to portable power centers or permanently mounted substations. Two 
underground fixed substations and six mobile power centers receive the 13.8 kV power supply. One of the 
underground fixed substations is shown in Figure 4.3-6. 

The underground electrical equipment is designed and installed to operate efficiently in the dusty 
atmosphere of the mine. Substations and switching stations are contained in freestanding dead-front units 
with instruments, relays, and other controls mounted on the front panels, and covered by dust-tight, 
lockable doors. The underground 13.8 kV switchgear has provisions for local control, trip, and status 
indication functions. The back panels of the switchgear have interlocks that prevent the units from being 
energized when the back panels are not in place. The circuit breakers are manually or electrically operated 
from a 115-volt alternating current (VAC) supply and also activate a stored capacitor to trip. Each circuit 
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breaker has its own control power, operating, protection, and metering circuits. The capacitor trip units 
provide current for trip circuit operation even in the event of the failure of control power. All breakers are 
to be equipped with over current, ground fault, and ground check system/ground wire monitor protection 
relays. 

 

Figure 4.3-6. Underground Electrical Substation 

4.3.6.2 Underground Office Areas 

To support mining and waste operations, there are isolated office areas in the Underground. A typical 
underground office area is the maintenance office shown in Figure 4.3-7. 

 

Figure 4.3-7. Underground Maintenance Office 

These areas contain typical office material, which includes combustible furnishings and supplies as well as 
ignition sources such as coffeemakers, microwave ovens, refrigerators, computer stations, and electrical 
lighting and service outlets. The areas do not have any automatic fire detection or suppression systems. 
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4.4 Underground Ventilation System 

The underground ventilation system serves the WIPP Underground to provide acceptable working 
conditions and a fresh air base during normal operations and off-normal events such as waste handling 
accidents or underground fires. The underground ventilation system is designed to supply sufficient 
quantities of air to all areas of the repository except closed panels. The system employs surface-mounted 
equipment consisting of six centrifugal exhaust fans, three main fans in the normal flow path and three 
smaller fans in the filtration path, two identical HEPA filter assemblies arranged in parallel, isolation 
dampers, a filter bypass arrangement, and associated ductwork (See Figure 4.4-2 for location). There is no 
ventilation in closed panels. 

Operation of diesel equipment underground is subject to minimum airflow requirements to ensure 
adequate removal of toxic diesel byproducts. When adequate airflow is not available to provide the 
required fresh air base all diesel-powered equipment is shutdown until minimum ventilation flow is 
restored. The arrangement of the underground ventilation fans, filters, and ductwork is illustrated in 
Figure 4.4-1 and Figure 4.4-2. 

 

Figure 4.4-1. Ventilation Exhaust Filter Building and Associated Ductwork 

The main fans are used during normal operation to provide a normal underground flow of 425,000 scfm. 
One main fan can be operated to provide a nominal flow of 260,000 scfm. The main fans are located near 
the Exhaust Shaft as shown in Figure 4.4-2. The smaller filtration fans are rated at 60,000 scfm each and 
are located adjacent to the EFB. During filtration operations, only one filtration fan is in service and all 
other main and filtration systems are stopped and isolated. Any one of the three filtration fans is capable of 
delivering 100 percent of the design 60,000 scfm flow rate with the HEPA filters at their maximum 
pressure differential. Two of the three filtration fans can also be operated, with the HEPA system 
bypassed, to provide other underground ventilation requirements, when needed. 

The underground ventilation is controlled by multiple airflow control doors and selected operating fans. 
Natural ventilation that occurs without the fans running will not support normal activities in the 
Underground and mitigates  fire propagation in the disposal rooms. The airflow to any area of the mine can 
be changed at any time based on the work actives underground, and normal daily operations change 
airflow routinely. The airflow is split among the circuits by control doors depending on the airflow 
demand or requirements. In general, primary and secondary fresh air and exhaust ventilation paths are 
present in the mine. An individual bulkhead is installed at the back of every room prior to waste disposal, 
and engineered louvers control and limit the airflow in the disposal room. 

The underground ventilation system may be secured if a smoke/fire inundation prevents access to one of 
the shafts. If the inundation continues, control doors around the impacted shaft and fire area are closed. 
This allows orderly and safe evacuation of underground personnel through the available shafts. 
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To ensure compliance with the ventilation control measures provisions of 30 CFR, bulkheads with control 
doors are provided in the drifts near the shaft stations for all three of the intake shafts.  In the event of fire 
or other off-normal occurrence, each shaft can be isolated to limit the spread of smoke or other hazard.  
The bulkheads are constructed in accordance with 30 CFR Part 57. The control doors are located in the E-0 
drift between S-90 and N-150, in the W-30 drift between S-700 and S-1000, in the E-300 drift between S-
90 and S-400, and in the N-300 drift between E-0 and the Air Intake Shaft. 
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Figure 4.4-2. Underground Ventilation System Fans and Filter Arrangement 
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5.0 Fire Analysis 

The WIPP site is a specialized industrial facility designed for the permanent disposal of defense TRU 
waste. Due to strict combustible material control, noncombustible construction (i.e., metal), and the 
general lack of continuity of combustible materials, fire hazards are limited to the degree practical and 
appropriate for a nuclear facility. This fire analysis addresses both nuclear-related fire events and non-
nuclear fire events. The nuclear fire events are used to support consequence analysis for the DSA. The 
non-nuclear industrial fire events are also used to determine possible fire impact on the WIPP mission. 

Much of the original design of the WIPP facilities occurred in the 1980s, and the facilities met the 
comprehensive design requirements of that time. These requirements included fire barriers, fire sprinkler 
systems, and fire alarm systems. These systems were operational when the plant began operations in 1999. 
The WIPP fire systems show signs of infrastructure aging. WIPP has a maintenance system in place that 
identifies issues and develops work orders to repair fire protection systems. However, at times systems 
may be inoperable or impaired with compensatory measures. WIPP developed a plan for fire water 
upgrades, WP 04-AD.03, Project Execution Plan for Post Indicator Valve Replacement (Ref. 69.), which 
is currently being implemented. Replacement of valves in the main fire loop are planned to be completed 
in 2013. Combustible loading controls, including periodic housekeeping inspections, are implemented in 
the WHB and Underground. Section 13.0 further evaluates the WIPP Fire Protection Program 
implementation. Postulated fires are analyzed in this section for each area of the facility. If the inoperable 
or impaired systems are credited by the DSA, controls are established to mitigate potential consequences. 
The potential fire scenarios for the WHB are limited by the construction features, including concrete and 
structural steel with corrugated metal siding. The CH Bay contains palletized slipsheets being used in the 
waste handling process, a small office area for RADCON personnel, and a waste staging area. 

The RH Bay is a 60-foot-high open area. The Hot Cell Complex within the RH portion of the WHB 
consists of concrete-shielded rooms to handle RH waste containers outside a shipping container and 
transfer the waste containers to the RH waste cask for subsequent transfer to the Underground for 
permanent disposal. Diesel-fueled vehicles are used to transport RH shipping containers and perform 
maintenance activities in the RH Bay. 

Room 108 is north of and adjoins both the CH Bay and the TMF. The YTV is used in this area to transport 
the TRUPACT-III shipping container to and from the room. The FTV is used to maneuver the facility 
pallet laden with a single SLB2 from Room 108 to the waste conveyance for disposal or to the facility 
pallet stands located in the southwest corner of the CH Bay for storage. 

The Waste Hoist Tower is a multiple-story area with various levels containing the Waste Hoist Control 
Room and hoisting equipment. This area is only accessible through an elevator enclosed within a 1-hour 
fire-rated shaft and a fixed ladder for evacuation of the area in the event of a fire. Fires that are likely in 
this area are the office fire (bounding for the Waste Hoist Control Room on Level 3), the hydraulic fluid 
fire involving the hydraulic tanks associated with the hoist braking system on Level 5, and a transient 
combustible fire during maintenance activities on Level 4. The hoist equipment has many components that 
require inspection, testing, and maintenance (IT&M). Procedure performance intervals vary from daily to 
every 5 years. A few electrical procedures do not require the spot application of an oil or grease. However, 
most of the mechanical procedures do use limited amounts of oils and greases (less than a gallon in total 
quantities). 

On the waste disposal side of the Underground, including the waste disposal route and disposal rooms, 
general storage of combustible material is not allowed. The principal combustible materials associated 
with the underground waste disposal are limited to polyethylene and fiberboard slipsheets, shrink-wrap 
around the waste drums, and the woven polypropylene super sacks containing the MgO engineered barrier 
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at the top of the waste stack. Each super sack has cardboard supports in the pockets on each of its flat 
sides. 

The major fuel and ignition sources underground are diesel-powered and electric-powered equipment, a 
maintenance shop on the construction side, electrical substations and wiring, the underground welding 
shop, and the underground refueling station, which is also on the construction side.  

Fire suppression underground is limited to a chemical extinguishing system located at the fuel storage area 
and on major vehicles. Water-based fire suppression was specifically excluded by the original WIPP 
design documents. Sprinklers in the Underground would have stand pipes containing water at pressures of 
approximately 1,000 pounds per square inch (gauge) (psig). Although sprinklers are normally designed for 
175 psig, some equipment is listed for pressures of 350 psig. Exposed sprinkler pipe at these pressures 
would represent a safety hazard. Research by the U.S. Department of the Interior has determined that high-
pressure sprinkler systems are not reliable in the mine environment (Ref. 48). 

5.1 Surface Building Fire Scenarios 

5.1.1 WHB CH Bay or Room 108 Fire Scenarios 

A severe fire postulated for the CH Bay involves ignition of the 13-ton electric CH forklift while carrying 
a fully loaded facility pallet amid the waste array as depicted in Figure 4.2-5. This fire has been evaluated 
(Ref. 62) as a pool fire with a diameter of approximately 23.7 feet and a flame height of approximately 
22.8 feet. This is a revised analysis to account for a forklift with increased hydraulic fluid tank capacity. 
The previous forklift was equipped with a 27-gallon hydraulic fluid tank and the new forklift has a 
37-gallon tank. The revised analysis (Ref. 62) considers a 40-gallon hydraulic fluid tank. Considering the 
spatial separation between facility pallets (44 inches) and the pallet design (solid bottom), calculation 
WIPP-037 (Ref. 63) concluded that no more than 46 drums or 18 SWBs could experience seal failure due 
to radiant flux. Fire damage to TRU waste containers is directly related to the number of containers that 
can be physically located within the pool or within the standoff distance where seal failure can occur. 
Because the SLB2s are significantly larger than the SWBs, fewer of them would be damaged as compared 
to the drums or SWBs in the fire postulated in WIPP-037. Then, because the SLB2 has the same MAR 
limit as the SWB, consequences from any similar fire scenario involving the SLB2 would be bounded by 
the fire involving SWBs. A fire involving one or more of the AGVs is not postulated to be significant 
given that there are no combustible liquids and only three tires removed from each other on these vehicles. 

A review of the possibility of fire-induced roof collapse is provided in Appendix C. That review draws on 
the current pool fire analysis methodology (specifically designed to maximize postulated container damage 
by maximizing pool diameter) to show that roof failure would not occur. The review also considers earlier, 
more conservative analysis techniques that derive smaller pool diameters, but longer fire durations. The 
review concludes that WHB roof failure would not occur for the 13-ton forklift fire no matter which 
analysis technique is used. 

WIPP-037 also includes additional consideration of bounding, though less likely, fires in the CH Bay and 
evaluates the potential damages that might be caused by the 13-ton electric forklift fire proximate to close-
packed (non-palletized), staged waste containers (drums or SWBs). This fire could result in lid ejection 
due to the combustible liquid on the vehicle but not structural damage or roof collapse. The plastic shrink-
wrap around the seven-pack arrangements is considered a negligible contributor to the estimated 
combustible mass. Moreover, because the damage estimates developed in WIPP-037 (Ref. 63) already 
consider drum damage two rows away from the fire, it is appropriate not to consider the shrink-wrap in 
this analysis. The evaluation also considered forklift collisions and determined the bounding event, from a 
drum damage perspective, to be a loaded 13-ton electric forklift collision with a close-packed waste array 
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and subsequent fire with another loaded 13-ton electric forklift that also becomes involved in the same fire. 
The electric forklifts and AGVs are designed such that ignition of the vehicles’ combustible contents is 
very unlikely. The potential for fire growth within or between these vehicles is extremely limited due to 
their substantial steel construction. 

Other fire scenarios considered for the CH Bay include office area fires, fires involving palletized stacks of 
polyethylene or fiberboard slipsheets, combustible liquid spill fires (up to 5 gallons), miscellaneous 
transient combustible package fires (modeled as a 7.4 megawatt (MW) fire (Ref. 56) involving an 8-foot 
by 8-foot by 1.5-foot-high stack of wooden pallets near nonpalletized staged waste), and a fuel tanker truck 
fire immediately outside the building. None of these evaluations considered actuation of the CH Bay fire 
suppression system. 

Consequence analysis (Ref. 53) determined that none of these described fire scenarios could result in an 
unacceptable radiological release to the public. All of these events could result in unacceptable postulated 
release levels to the site workers. For this reason, controls are required for protection of the site workers 
from the potential consequences associated with these worst-case postulated accidents. For large fires, the 
sprinkler system would be expected to respond quickly to control the fire, limiting its involvement to the 
equipment of origin and to cool/protect involved waste containers sufficiently to prevent breach of the 
container seals. However, there are limits to the capability of the sprinkler system. The sprinkler system 
would be considered to be effective controlling a fire on the 6-ton diesel-fueled forklift, although other 
non-electric equipment (tractor-trailer, 41-ton forklift, underground lube truck, etc.) is available at the 
WIPP facility that would exceed the sprinkler system’s capacity. None of these types of equipment are 
needed in the CH Bay. Consequently, diesel-fueled equipment is prohibited from being carried into the 
WHB CH Bay when waste is present outside a shipping container. 

There is also the possibility that a small fire, in the right circumstances, could expose one or two waste 
drums to sufficient heat flux to cause seal failure, but not actuate the CH Bay sprinkler system. 
Alternatively, a larger fire could cause a waste container breach prior to actuation of the sprinkler system. 
For these cases, the HEPA-filtered confinement ventilation system would be available to contain all the 
radiological material that would be dispersed within the building, thereby preventing any release to the 
public or site workers. It is expected, though not specifically evaluated, that the WHB confinement 
ventilation system would have sufficient capacity to collect transported particulate matter resulting from 
any small fire that does not actuate the CH Bay sprinkler system and from any large fire that does actuate 
the CH Bay sprinkler system. It is not believed possible to have a fire that produces enough particulate 
matter to plug (or damage via blowout) the system HEPA filters yet does not actuate the building’s 
sprinkler system to suppress and control the fire. The HEPA filters are not credited in the DSA for large 
fires. They are in an adjoining room on the second floor of the facility; this is a significant distance for a 
potential source of fire exposure to the WHB processing areas. Embers are not anticipated to damage the 
HEPA filters because of the distance they would have to travel through ducts to reach the HEPAs and 
prefilters exist upstream from the HEPAs. With complete filter system redundancy, a HEPA filter fire 
suppression system is not required. 

  



Fire Hazard Analysis for the Waste Isolation Pilot Plant  WIPP-023, Rev. 5A 

54 

In summary, the following features and controls are considered in developing conclusions reached in this 
and referenced analyses: 

CH Bay Sprinkler System: Provides control of small fires, limits damage to piece of equipment 
of origin, and protects waste containers and building structure. 

CH Waste Handling Confinement 
Ventilation: 

Provides for HEPA-filtered collection of dispersed radiological 
material. 

Facility Pallet: Noncombustible construction of the facility pallet provides a 
continuous barrier and prevents direct flame impingement. 

Vehicle/Equipment Control 
Program: 

Liquid-fueled vehicles are prevented from entering the CH Bay, 
Room 108 or Shaft Access Area whenever waste is present outside 
a shipping container. 

Fire Protection Program: General housekeeping and combustible control program (limits 
quantity and continuity of combustible materials). 

WHB Design: Substantial, robust, noncombustible construction with large 
CH Bay volume (prevents flashover). 

RH Bay Design: Floor slopes away from the CH Bay rollup door. Prevents fuel pool 
fires from propagating to CH Bay. 

Shipping Container: Noncombustible construction. 

Waste Container: Noncombustible construction. 

Note: The Waste Handling Equipment Fire Severity Analysis (Ref. 54) is based on empirical testing of 

1980s-style automobiles. Conservatism in the analysis includes the fact that the WIPP waste 

handling equipment is additionally provided with metal enclosure of most combustible materials, 

consistent with standard material handling equipment designs. That is, vehicles are not constructed 

with fiberglass bodies, significant amounts of fabric/plastic-based upholsteries, or other easily 

ignitable materials, and hydraulic and liquid fuel storage and transport systems are of 

noncombustible construction (not rubber or plastic). The fire severity analysis also uses reduced 

combustion efficiencies reasonably associated with these types of vehicles. Therefore, although 

they may be available, there are no specialized design features on the WIPP waste handling 

equipment that are considered necessary to support the conclusions reached in this analysis. 

The WIPP Hazards Analysis (Ref. 60) discusses enhanced design capabilities of the vehicles. These 
capabilities are: 

 Batteries in metal compartments; 

 Electrical cables and connections that are protected or insulated; 

 A hydraulic system that positions its forks; 
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 A hydraulic system that powers its brakes and steering; 

 Thick steel plating on the sides and rear; and 

 A forklift carriage on the front. 

5.1.2 WHB RH Bay Fire Scenarios 

The RH Bay can have diesel-powered vehicles within the building for maintenance operations and during 
the receipt of a waste transport trailer. Either the RH trailer jockey vehicle or transport tractor will be used 
to stage the transport trailers for removal of the shipping container. The RH shipping containers are 
designed to withstand transportation fires (1,475 °F for 30 minutes) in accordance with 10 CFR 71 
(Ref. 1), “Hypothetical Accident Criteria” (HAC). However, vehicle fires indoors can be more severe and 
of longer duration because the heat from a fire is contained in the building and not released to the 
atmosphere. 

The trailer jockey vehicle is diesel-powered, with an approximately 50-gallon fuel tank, and is used to 
move semi-trailers short distances. An over-the-road transport tractor could be used to position a trailer 
within the RH Bay and has a fuel capacity that could exceed 200 gallons. Either of these vehicles 
represents a significant combustible load in the RH Bay, with the principal fuel being presented in the 
diesel fuel, the tires, and hydraulic fluids. A diesel-powered manlift with 40 gallons of diesel fuel is 
infrequently used to assist operators performing visual inspections of elevated equipment along the west 
wall of the RH Bay, which separates it from the CH Bay. For the most extreme case of a tractor trailer fire, 
the shipping container would be exposed to an estimated 53 MW fire for about 1 hour (Ref. 54). 

A fire involving one of these vehicles would present a severe challenge to the integrity of either the RH 
TRU 72-B or 10-160B shipping containers, particularly if they have been modified from their U.S. 
Department of Transportation-certified condition such as by having the impact limiters removed, cask 
turned upright, or lid bolts removed, as normally occurs during RH waste handling operations outside the 
Hot Cell. Therefore, the shipping container could experience severe thermal exposure from a tractor-trailer 
fire, possibly followed by impacts from falling roof or other structural components discussed later. This is 
a condition outside the bounds of the 10 CFR 71 HAC because 10 CFR 71 design criteria is for only a 30 
minute burn time and without a subsequent drop or crush event. However, if this were to occur, the waste 
containers inside the shipping container are still substantially protected and would not be subject to direct 
flame impingement. Not all waste containers are expected to be breached. A reasonable conservative 
approach is to assume they would all burn in a confined manner. The bounding dose from this event, also 
conservatively assuming two 10-160B shipping containers are involved (Ref. 53), is low to both the public 
and site workers. 

Calculation WIPP-006 (Ref. 57) evaluates a trailer fire in the WHB RH Bay along the building’s south 
wall, where the tractor-trailer is normally parked awaiting offloading. This analysis determined that 
structural collapse of the WHB RH Bay during a severe vehicle fire inside the building is possible. The 
evaluation, which involves only the 12 tires on the trailer, shows that the nearest steel column (a W14 × 99 
structural column approximately 12 feet from the center of the postulated fire) reaches a temperature of 
about 800 °F, which is below the critical 1,000 °F temperature at which it is postulated to fail. However, 
these temperatures are significantly dependent on the distances involved. If the trailer were parked closer 
to the column, sufficient heat flux could be transmitted to result in structural failure and collapse of the 
building. Liquid-fueled equipment (i.e., the tractor portion of transport vehicles) are removed from the 
building before processing of the shipping container begins, but while a vehicle is in the building there are 
no restrictions on vehicle placement relative to proximity to the building structural components. 

There are no restrictions on vehicle placement relative to proximity to the building structural components 
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with this bounding analysis. This analysis determines that structural collapse of the WHB RH Bay during a 
severe vehicle fire inside the building is possible. Therefore, the shipping container could experience 
severe thermal exposure from a tractor-trailer fire followed by impacts from falling roof or other structural 
components, a condition outside the bounds of the 10 CFR 71 HAC. If this were to occur, the waste 
containers inside the shipping container would still be substantially protected and would not be subject to 
direct flame impingement. Not all waste containers are expected to be breached. A reasonably conservative 
approach is to assume they would all burn in a confined manner. The bounding dose from this event, also 
conservatively assuming two 10-160B shipping containers are involved (Ref. 53), is low to both the public 
and site workers.  

These conclusions would be bounding for any severe fire in the RH Bay provided the postulated structural 
collapse does not expose CH waste through a breach in the wall separating the CH and RH Bays. The wall 
separating the CH and RH Bays is 1-foot-thick concrete from the floor up to a height of about 10 feet 
(Ref. 59). As such, it would effectively block radiant heat flux from any fire on the RH side from reaching 
CH waste containers. The only place where this wall does not exist is at the rollup door adjacent to the 
Shielded Storage Room. As noted above, the manlift (Figure 5.1-1) is used on an infrequent basis to gain 
access to equipment near the ceiling of the RH Bay. The manlift is the only liquid-fueled vehicle that may 
be normally located at the rollup door. If a manlift fire were to occur near the rollup door, diesel fuel could 
not spread to the CH side of the WHB because the flowing diesel fuel would drain away from the door 
following the floor slope (Ref. 49). Any burning fuel that did migrate under the door would not expose the 
CH drums with direct flame impingement due to the facility pallets. The CH Bay structural columns along 
this line are east of the concrete wall (on the RH side). If the manlift fire were also adjacent to a structural 
column, collapse of some of the CH Bay roof trusses is considered credible. Given the slope of the floor, 
earlier scenarios (evaluated in Ref. WIPP-014) that postulated the manlift fire at the rollup door would 
involve fire propagation beyond the door to include both CH and RH waste containers. That analysis is 
now considered a beyond design basis fire event. The consequence analysis of the WIPP-014 manlift fire 
(Ref. 73) concludes that it is estimated to result in a high radiological dose to site workers but in a 
moderate dose to the public. Automatic suppression response is not credited in that analysis. A more recent 
analysis (Ref. WIPP-047) evaluates a tractor trailer fire near the rollup door where the tractor trailer is 
positioned, against normal RH waste processing operations, with the tractor portion pulled into the RH 
Bay (not backed in) all the way to the RH Bay/CH Bay wall. The analysis of this event, also considered a 
beyond design basis event, postulates that fuel from the transport tractor could propagate under the rollup 
door to involve containers in the CH Bay. It concludes that worst case damage is bounded by the manlift 
fire directly adjacent to the rollup door. Evaluation of this postulated fire concludes that it is estimated to 
result in a high radiological dose to site workers but in a moderate dose to the public (Ref. 53). Automatic 
suppression response is not credited in that analysis. Only waste handling equipment is allowed in the RH 
bay while waste is present. 
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Figure 5.1-1. Haulotte Manlift 

Figure 5.1-2 depicts the graphic fire model developed (Ref. 63) to evaluate the manlift fire as described 
above. The size of the fire is based on a de-rated combustible loading methodology defined in 
Reference 62 with a fuel spill modeled as specified in DOE-STD-5506-2007 (Ref. 11). The model assumes 
that eight facility pallets’ worth of waste drums are staged in a close-packed array immediately adjacent to 
the rollup door. Additional modeling includes an evaluation with facility pallets. Refer to the referenced 
modeling report for a key explaining the diagram nomenclature. To prevent or mitigate the radiological 
consequences of this event, the slope of the floor is credited to ensure the postulated pool fire does not 
extend to the stacked drums. The fire only provides radiant flux exposures to the staged CH waste. No 
credit is given the rollup door for attenuation of the flux because there are no restrictions mandating that 
the door be closed and the door is not known to be fire-rated. However, waste handling is typically 
performed with it closed. 
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Figure 5.1-2. Graphic Modeling of Manlift Fire 

A large fire, such as a manlift fire or trailer fire, could result in the actuation of the RH Bay automatic fire 
suppression system. The suppression system would be expected to cool both the exposed shipping 
container and the structural support beams near the fire. With the suppression system actuation, no release 
is postulated to occur. However, a smaller fire would have less likelihood of prompt sprinkler system 
actuation because of the 60-foot ceiling heights in the RH Bay. For this condition, the fire could 
sufficiently expose both nearby CH waste containers and the structural support columns. Exposure and 
seal failure of just the leading edge of CH waste drums would be sufficient to result in a moderate 
radiological dose to the public, and a high dose to the facility workers. There could also be additional 
damage if some of the roof trusses were to collapse, but the impact damage does not substantially increase 
dose estimates (Ref. 53). The RH and CH Bay active confinement ventilation systems, although not 
credited, would collect dispersed radiological material if the building remains intact. An RH Bay fire is not 
expected to plug the HEPA filter banks on the second floor of the WHB before the activation of the 
sprinkler system and cessation of smoke production from the fire. 
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In summary, the following features and controls are considered for RH bay fire scenarios in developing the 
conclusions in this and referenced analyses: 

RH Bay Sprinkler System: Provides control of large fires, limits damage to piece of equipment 
of origin, and protects shipping containers and building structure. 

Fire Protection Program: General housekeeping and combustible control program  
(limits quantity and continuity of combustible materials). 

WHB Design: Substantial, robust, noncombustible construction with large 
RH Bay volume (prevents flashover); slope of floor at rollup door 
(prevents spread of pool fire to engulf CH waste). 

Shipping Container: Noncombustible construction. 

Note:  For RH Bay fire scenarios with the potential to propagate to the CH Bay, placement of waste on 

facility pallets adds design margin to minimize waste container damage in the event of fire because 

it increases the spatial separation between the fire and containers. The fire suppression system in 

the CH bay would also be considered to mitigate the potential for propagating fires. In addition, the 

RH and CH waste handling confinement ventilation systems provide margin for HEPA-filtered 

collection of dispersed radiological material if the building remains intact. 

5.1.3 WHB Hot Cell Complex Fire Scenarios 

Within the Hot Cell Complex there are cranes, robots, lighting, cameras, and other electrical equipment 
used during transfer of an RH waste container from the shipping container. The rooms within the Hot Cell 
Complex are segregated from each other by thick concrete walls, floors, and ceilings, shield valves, shield 
plugs, and shield doors. The Crane Maintenance Room is separated from the Upper Hot Cell by a shield 
door and thick concrete wall. The shield door is normally closed and is opened only for transferring the 
Upper Hot Cell crane into the Crane Maintenance Room for repair or for door maintenance. The shield 
plugs in the Upper Hot Cell are normally installed and are only removed to allow transfer of items between 
the Upper Hot Cell and CUR. Shield valves separate the Transfer Cell from the Upper Hot Cell and the 
FCLR. The shield valves are normally closed and only one shield valve can be opened at a time. The 
control of transient combustibles within the rooms of the Hot Cell Complex ensure that fires, if any, are 
localized and remain small due to the lack of combustible material continuity. 

In the CUR, the Transfer Cell, and the FCLR, the RH waste containers are protected by the shipping 
container, the shielded inserts, and the RH waste cask such that any fire within those rooms would have 
minimal or no impact to an RH waste container. In the Upper Hot Cell, waste drums in canisters are 
protected from fires by the RH canisters and the metal storage wells used to support the waste canisters. 
The waste handling process itself does not introduce combustible material into the Upper Hot Cell. The 
use of flammable gas or flammable compressed gas in the Hot Cell Complex would only be necessary for 
repair of the cranes, the shield valves, or the shuttle car and any repair would only be done when waste is 
not present in the room with the component needing repair. By controlling the introduction of combustible 
material into the Hot Cell Complex during any maintenance activities and ensuring its removal when 
maintenance is complete, no ordinary combustible fire scenarios with the potential to breach RH waste 
containers are postulated. The FCRD, located in the FCLR above the Transfer Cell, contains 
approximately 40 gallons of hydraulic fluid. During the transfer of canisters from the Transfer Cell to the 
FCLR the Transfer Cell ceiling shield valve is opened. With the ceiling shield valve open, spilled 
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hydraulic fluid could pool in the Transfer Cell below. There are no known ignition sources that could 
ignite the spilled hydraulic fluid. However, a worst-case fire scenario would consider a liquid pool fire in 
the Hot Cell Complex that would occur in the Transfer Cell while transferring a canister into a RH Waste 
Cask in the FCLR. The RH Waste Cask, used to transport an RH waste canister to the Underground, is a 
double-steel-walled vessel with 4.75-inch-thick lead between the steel walls. The robust design of the RH 
Waste cask protects the waste canister such that the canister would not be expected to breach due to a 
hydraulic oil fire or a misting hydraulic oil fire within the FCLR. Nonetheless, accident analysis (Ref. 53) 
considers the consequences of this fire as if the canister were postulated to burn in a confined manner. The 
consequences of this event would be low to all receptors.  

In summary, a postulated severe fire in the Hot Cell Complex is a low possibility with a low consequence. 
Therefore, the following features and controls were considered in the analysis of the Hot Cell Complex fire 
even though none are credited by the WIPP DSA for prevention or mitigation: 

Hot Cell Confinement Ventilation: Provides for HEPA-filtered collection of dispersed radiological 
material. 

Fire Protection Program: General housekeeping and combustible control program (limits 
quantity and continuity of combustible materials). 

WHB Design: Substantial, robust, noncombustible construction. 

Hot Cell Complex Design: Substantial, robust, noncombustible construction (includes limited 
combustible (oil-filled) windows; see Section 2.4.1). 

Shipping Container: Noncombustible construction. 

Waste Cask: Noncombustible construction. 

5.1.4 WHB Waste Hoist Tower Fire Scenarios 

Within the Waste Hoist Tower, a fire at the Waste Hoist Control Room is the most likely place for fire 
ignition and development. This small office area includes the hoist operating panel, miscellaneous other 
panels, and a small desk. It is provided with wet-pipe sprinklers below the suspended ceiling in the room. 
An office fire in this area could be ignited by an electrical spark or short circuit in the control panel or 
other location. Propagation to other combustibles in the room (office paper, cables, etc.) is likely without 
suppression. However, there are insufficient combustibles in the general area to propagate to other parts of 
the Waste Hoist Tower. All the electrical cables and control circuits are completely enclosed in metal 
cabinets and the office is maintained free of accumulations of combustible materials or trash. The worst-
case postulated fire in this area would involve burnout of one or more cabinets where the fire originates. 
This could be followed by slow fire-growth and propagation to other combustibles in the room/area and 
finally to complete involvement of the combustible contents of the room. If the doors to the control room 
are closed, conditions suitable for flashover are considered feasible. However, due to the size of the 
building and the relatively low combustible loading in other parts of the Waste Hoist Tower, it is not 
considered possible for this worst-case fire to result in structural collapse of the Waste Hoist Tower or the 
waste hoist drum. If left unattended, the fire would eventually burn to extinction and self-extinguish. Fire 
losses to equipment and furnishings on Level 3 of the Waste Hoist Tower could be substantial. However, 
no radiological material is present in the Waste Hoist Tower, except at the Shaft Collar Room, and this 
postulated fire would not be able to propagate to damage waste containers in the shaft. Loss of control 
power, electricity, or hydraulic pressure causes the waste hoist to stop and there is no credible scenario that 
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could lead to spurious operations that might cause additional damage. 

A hydraulic oil fire on the fifth floor may be postulated as a fire resulting from a leaking hydraulic line 
where hydraulic units are in operation. The hydraulic units have a total of 150 gallons of hydraulic oil 
stored in two 75-gallon-capacity oil reservoirs. The fire is postulated to occur at the piping due to a leaking 
line, the fluid from which would subsequently pool within the drain pan and possibly the floor. The floor 
area of the fifth level of the tower does not have a large area that could act as a dike; therefore, pooling of a 
substantial amount of the oil is not possible. The Waste Hoist Tower is constructed of noncombustible 
materials and each floor is sprinkler-protected. Both oil tanks have a drip pan of approximately 2 feet by 
5 feet by 1 inch in depth. This allows for the accumulation of approximately 6.25 gallons of hydraulic 
fluid. A fire in this area would be of significant concern because fire damage to the structural steel 
supporting the waste hoist mechanism could create a potential for the Waste Hoist Conveyance to fall in an 
uncontrolled manner. Other than the hydraulic units, combustible material on the Waste Hoist Tower fifth 
floor is generally limited to the wood wedges associated with the Waste Hoist, electrical wiring and 
hydraulic hoses, and transient material associated with maintenance items. There is no significant 
continuity of combustible material between the hydraulic units and the waste hoist drum. However, the 
hydraulic oil equipment is adjacent to one of the Waste Hoist Tower’s structural support columns. 

The potential heat release energy from a fire involving hydraulic oil may be significant, but although this 
material is a combustible liquid it is not easily ignited without a significant ignition source. Due to the 
physical properties of the hydraulic fluid, the general noncombustibility of the surrounding area, and the 
lack of continuity of combustibles within the building, a fire would be difficult to start and would not be 
expected to progress outside the area of origin. Given significant heating and ignition sources, if a fire 
were to start, assuming full involvement of a leakage collection pan the heat release rate may be 
significant, but would be of very short duration. Heat flux to the waste hoist drum, its structural supports, 
or the structural beam of nearby buildings would be insufficient to cause failure or deformation of any of 
these components because considering the large size of the Waste Hoist Tower much of the fire’s energy 
would be lost to the room environment. This conclusion is consistent with the WIPP-006 analysis (Ref. 57) 
of a large fire exposing a nearby WHB RH Bay structural column.  

With the fire sprinklers activated, this fire would not be expected to burn for more than 3 to 4 minutes due 
to the cooling and suppressive effects of the water spray. If the sprinklers do not activate, the fire would 
burn until the hydraulic oil is consumed and would then self-extinguish due to the absence of additional 
material. In either case, the fire would not be expected to spread due to the minimal amounts of transient 
combustibles allowed in the area, the noncombustible construction used in the building, and no significant 
continuity of combustible material in the area. 

The fire concern associated with a high-pressure hydraulic oil system is a fire involving sprayed oil mist. 
When sprayed as a mist under high pressure from a cracked fitting or pinhole leak, hydraulic oil is much 
easier to ignite. A fire from a sprayed mist of hydraulic oil can be expected to be three-dimensional. 
Although the circuits are completely enclosed in metal, energized electrical circuits, electrical shorts, or 
other hot sources could serve as the ignition source. A three-dimensional fire in the fifth-floor area of the 
Waste Tower would be expected to quickly activate the automatic wet-pipe sprinkler system and quickly 
be brought under control. If the sprinkler system should fail to operate, the fire would primarily be 
concentrated in the area of the hydraulic units but could spread to involve the waste hoisting equipment. 
Should this occur, the wooden portions of the hoist drum could be charred and cause some concern for 
slippage of the waste hoist ropes. The waste hoist brake requires hydraulic pressure to release the hoist 
drum, so any significant hydraulic oil leak that affects hydraulic pressure will cause the hoist drum brake 
to set. 

Other than these, the only credible fire of any significance would be a fire that is postulated to occur during 
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hoist cable maintenance and lubrication activities. During this evolution, which occurs only once or twice 
a year, a moderate amount of combustible material is positioned on Level 4 of the Waste Hoist Tower, 
directly beneath the hoist wheel. The combustibles include approximately 135 gallons of lubricant and 
hydraulic fluid, and miscellaneous wipes. Although the hoist wheel support beams are subject to flame 
impingement, a fire in this area would be relatively short-lived and not intense. As discussed with the 
hydraulic oil fire above, it is not considered possible, due to the size of the building’s structural beams and 
the likely size of the postulated fire, for this fire to cause damage to the building structure. 

No radiological material is located or stored in the upper stories of the Waste Hoist Tower. CH waste 
containers may be present in the Waste Shaft Collar Room at the grade level of the Waste Hoist Tower 
while the facility pallet with CH waste (or the RH waste cask with RH waste) is being loaded for transport 
to the Underground. 

In summary, fire scenarios in the WHB Waste Hoist Tower are possible, and they could cause substantial 
damage. However, it is not considered possible for any postulated fire to result in structural collapse of the 
tower, or to cause a release of radiological material. The following elements are considered in developing 
the conclusions of the analysis: 

Fire Protection Program: General housekeeping and combustible control program  
(limits quantity and continuity of combustible materials). 

WHB Design: Substantial, robust, noncombustible construction. 

Note:  The automatic fire suppression system in Waste Hoist Tower provides additional design margin to 

minimize damage in the event of fire. 

5.1.5 WHB Internally Propagated Fire 

The TMF, adjacent to the west wall of the CH Bay, is a high bay facility currently used for storage of 
MgO, training, and forklift battery charging. Diesel-powered or electric-driven forklifts may be used for 
material handling in the TMF. The TMF contains an automatic sprinkler system that is fed from the system 
that supplies the CH Bay. The TMF also contains a small enclosed office area that has a sprinkler system 
within the structure. Small calibration source materials may be kept in a metal cabinet in the office. 

The MER, located on the second story of the WHB facility, contains the fans, controls, and HEPA filters 
for the WHB CH and RH ventilation systems. The MER is also protected by an automatic sprinkler 
system. 

The former site-generated waste room is used for miscellaneous storage of minor combustibles and 
consumables for normal operations use. Room 108 is used for removing the SLB2 from the TRUPACT-III 
shipping package. Both of these rooms are protected by automatic sprinkler systems. Electric forklifts or 
AGVs may operate or be staged in either of these rooms. 

If a fire were to originate in any one of these rooms, left unattended it would continue to grow until the 
sprinkler system above the point of ignition is actuated. At that point, fire propagation would stop and the 
fire would be controlled and eventually extinguished. However, assuming a malfunction of the sprinkler 
system, the fire could continue to grow and propagate through the room of origin, or until the fuel is 
consumed. 

With the general WIPP housekeeping program in place, there are few combustibles for development of a 
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severe fire. The general lack of combustibles and the noncombustible construction of the building would 
tend to inhibit fire growth and development. Conditions suitable for flashover of the room’s contents are 
not deemed possible for any of these rooms. The building ventilation system is designed to maintain rooms 
within the structure at a negative pressure with respect to the environment. As such, smoke and hot gases 
generated in a room fire would most likely be transported to the HEPA filter banks in the MER. 
Propagation to the CH Bay, RH Bay, or Room 108 would require a very severe fire that breaches either the 
fire-resistive interior walls (designed to be fire rated) or the heavy steel ductwork communicating with 
each of the rooms. Subsequent ignition of combustible material, especially of a vehicle, is considered a 
very remote possibility. Nonetheless, ignition of some combustible material in one of these rooms is 
considered possible, as required by DOE STD 5506-2007 (Ref. 11). 

If a fire were to be ignited in a processing area such as the CH Bay, RH Bay, or TRUPACT-III Handling 
Room 108, at worst it would develop as described in Sections 5.1 or 5.1.2. The initiating fire would not 
increase the severity or duration of the processing area fire, as described. Because there are no radiological 
materials stored in these adjacent areas (TMF, MER, etc.) (except for the sources), and because the 
combustible loading in these rooms is typically far less than that in the CH Bay or RH Bay, a fire in these 
areas is considered bounded by the fire scenarios described for the CH Bay and RH Bay. 

Another issue related to the propagated fire is the use of fire water from a Support Building sprinkler 
system activation and its effect on the capacity of the CH Bay sprinkler system to function as needed to 
mitigate the consequences for a fire that propagates to the CH Bay. Section 9.2.1 provides an analysis of 
sprinkler discharge in these areas. 

In summary, a fire igniting in one of the northern rooms of the WHB could spread to the CH Bay or 
RH Bay. However, the consequences of this event would not be worse than those events already 
considered. The features and controls are considered in developing the conclusions reached in this analysis 
are: 

Fire Protection Program: General housekeeping and combustible control program 
(limits quantity and continuity of combustible materials). 

WHB Design: Substantial, robust, noncombustible construction. 

CH Bay Sprinkler System: Provides control of fires, limits damage to piece of equipment of 
origin, and protects waste containers and building structure. 

RH Bay Sprinkler System: Provides control of fires, limits damage to piece of equipment of 
origin, and protects waste containers and building structure. 

WHB Confinement Ventilation: Provides for HEPA-filtered collection of dispersed radiological 
material. 

Battery-Powered Waste Handling 
Equipment: 

Robust, mostly noncombustible construction; difficult to ignite; 
does not drop load. 

Vehicle/Equipment Control 
Program: 

Liquid-fueled vehicles are prevented from entering the CH Bay, 
Room 108 and shaft access area when CH waste is present outside 
closed CH shipping containers. 

Note: The automatic fire suppression systems in rooms adjacent to the CH Bay and RH Bay provide 
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additional design margin to minimize damage in the event of fire. 

5.1.6 Support Building Fire Propagation to WHB 

The Support Building is located directly north of the CH portion of the WHB and is separated by 
approximately 12 feet. The Support Building is a two-story structure (28 feet high) and is rated as 
noncombustible construction. The portion of the WHB in this area is a two-story structure (44 feet high) 
with approximately 180 feet of its width exposed by the Support Building. 

The Support Building wall was originally designed and installed as a 1-hour fire-rated assembly. Other 
than the windows, there are no openings or gaps observable in this wall in its current configuration. The 
exposed wall of the WHB is constructed as a 4-hour fire-rated assembly for the full height of the WHB 
first floor. Above this elevation (23 feet to 44 feet above grade), the north wall of the MER is constructed 
the same as other exterior walls of the WHB, a noncombustible, fire-resistive, tornado-resistant wall. There 
is no ventilation communication between the buildings except for a small RADCON laboratory along the 
southern wall of the Support Building that has a fume hood that is ducted to the HEPA filters in the MER. 

Section 5.6.3 of NFPA 80A (Ref. 37) states that no exposure should be considered to exist if only the 
exposing building is protected throughout with an automatic sprinkler system. Both of the facilities are 
fully sprinkler-protected. Therefore, with the WHB sprinkler system in service, the buildings are 
adequately separated and a technical basis for nonpropagation from the Support Building to the WHB is 
established. 

Sprinkler obstruction testing for the WHB sprinkler system was completed in 2008, and the system 
successfully passed the test. A site evaluation of sprinkler obstructions for the remaining buildings must be 
completed, and operations/maintenance has developed an integrated schedule and the work is planned. The 
need for an obstruction evaluation was first identified in 2003 in a DOE-Environmental Management Trip 
Report (Ref. 25). This issue was initially listed as WIPP WF06-110, dated July 10, 2006, and as part of a 
multiple finding, Issue 2008-04, but has been reissued as a separate, single-item finding. No building 
sprinkler system that was flow tested has exhibited evidence of obstructions. 

Issue 2010-01: Obstruction evaluation must be completed. 

Without sprinkler protection in either building, a fire postulated to ignite in the Support Building would 
still have minimal potential for propagation to the WHB. Even in an extremely severe Support Building 
fire event—say, one that results in a Support Building collapse—it is likely that the concrete and masonry 
portions of the north WHB wall would withstand the event intact. The Support Building construction, fuel 
loading, sprinkler system, and wall designs are not maintained as SS or SC items. Yet, there must be some 
breakdown in multiple areas of the WIPP Fire Protection Program for fire propagation to the WHB to 
occur. Nonetheless, if ignition of combustible material in the WHB were to occur, it would still be located 
in one of the northern rooms, remote from the CH Bay or RH Bay. Additional propagation beyond one of 
these rooms would require significant combustible loading beyond what is normally located in these 
rooms. Additionally, the combustibles would require continuity for propagation across the room to occur, 
and the combustibles would have to be positioned so as to challenge the integrity of the wall and enable 
propagation through the wall or floor to the CH Bay or RH Bay. With the WIPP housekeeping and 
inspection program in place, and the substantial, noncombustible construction of the Support Building and 
particularly the WHB, fire propagation from the Support Building to either the CH Bay or to the RH Bay is 
not considered reasonably credible. Therefore, no radiological material would be involved in a fire that 
initiates in the Support Building. 

In summary, a fire igniting in the Support Building could spread to the WHB, but propagation would be 
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limited to the northernmost rooms in the WHB and either the first or the second floor, but not both. Fire 
propagation from the Support Building to the CH Bay or RH Bay would require serious and multiple 
breakdowns in the WIPP Fire Protection Program implementation and is therefore not considered credible.  

The features and controls are considered in developing conclusions in this analysis: 

Fire Protection Program: General housekeeping and inspection and combustible control 
programs PM000028 (Ref. 77) and WP 12-FP3003 (Ref. 76) 
(limits quantity and continuity of combustible materials). 

Support Building Design: Substantial, robust, noncombustible construction. 

WHB Design: Substantial, robust, noncombustible construction. 

Note:  The automatic suppression systems in the Support Building and in rooms adjacent to the CH Bay 

and RH Bay provide additional design margin to minimize damage in the event of fire. 

5.1.7 Exhaust Filter Building Fire Scenario 

The EFB provides for HEPA filtration of underground exhaust air in the event of a radiological occurrence 
in the Underground. Therefore, this building is important to ensuring the health and safety of workers and 
the public should an underground radiological event occur. 

Other than the HEPA filters themselves, there is no significant combustible fire loading within the filter 
house. The primary combustible material within the building is the insulation associated with electrical 
circuits, electrical motors and controls and filter material. The building is provided with an Ordinary 
Hazard Group 1 (OH1) automatic fire sprinkler system designed and installed in accordance with 
NFPA 13 (Ref. 28). The most likely fires are electrical in nature, such as an overheated motor or electrical 
circuit. These small fires would likely not set off the sprinkler system but would be discovered through 
operational alarms or malfunctions once the equipment stops working as designed. Any fire larger than the 
small electrical fires could be suppressed or controlled by the automatic sprinkler system. Should the 
sprinkler system fail to respond, the fire could involve more than the device of occurrence (e.g., control 
center fire) but would not likely damage the entire facility due to the overall lack of continuity of 
combustibles that would support total building involvement. 

In summary, the features and controls are considered in this analysis are: 

Fire Protection Program: General housekeeping and inspection and combustible control 
programs PM000028 (Ref. 77) and WP 12-FP3003 (Ref. 76) 
(limits quantity and continuity of combustible materials). 

EFB Design: Substantial, robust, noncombustible construction. 

EFB Sprinkler System: Provides control of small fires, limits damage to piece of 
equipment of origin, and protects building structure. 

5.1.8 Warehouse Buildings Fire Scenarios 

A warehouse fire is based upon the density of combustible material, the nature of warehousing operations, 
and the potential impact the loss of the warehouse may have on the site’s mission. The warehouses 
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analyzed were the Warehouse Building (Bldg. 453), Auxiliary Warehouse Building (Bldg. 481), and the 
five Hazardous Material Storage Facility warehouse buildings (Bldg. 474). The fire scenario described 
below could occur in any one of these buildings; all are equipped with automatic sprinklers. 

It is postulated that a Warehouse Building fire could occur in the office area located in the center of the 
structure. The office area contains typical office material, including combustible furnishings and supplies, 
coffeemakers, microwave ovens, a refrigerator, computer stations, electrical lighting, and service outlets. 
The area does not have any automatic fire detection systems. For the auxiliary and hazardous material 
storage warehouses, although no offices are maintained, an electrical short in the lighting circuits could be 
an initiator for fire. If fires occur during periods when the area is occupied, personnel present would likely 
notice the fire in the incipient stage and extinguish the fire using a portable fire extinguisher. During the 
off hours, the fire would likely reach the flaming stage of fire growth and generate sufficient heat to 
activate sprinkler heads. 

Based on an off-hours fire, the spread of fire would most likely be limited by the activation of sprinkler 
heads. It is anticipated that a minimum of three to four heads would be sufficient to control the fire based 
on industry fire experience. 

Direct fire damage would be limited to the combustible materials in the room of origin. Smoke damage 
would be extensive throughout the room and could have a major impact on all of the contents in the 
warehouse. 

Should a fire in any of these warehouses occur and the sprinkler system fail to operate it can be anticipated 
that the fire would spread very rapidly throughout the facility. Due to the continuity of combustibles, fuel 
density, and facility size, an unmitigated fire would reach flashover conditions. As with any fire, the 
products of combustion are highly toxic when confined to enclosed areas. Hazardous materials in each 
warehouse are maintained within flammable liquids cabinets. However, they would not be considered 
likely to survive a full facility fire. The WIPP Hazards Identification Summary Report (HID) (Ref. 58) 
identifies the type and quantity of materials stored in each warehouse. The quantities are insufficient to 
exceed site release criteria if released in a postulated warehouse fire. Although an unmitigated fire event is 
unlikely, plans should be made to ensure that any potentially contaminated fire water discharge is 
contained and downwind airborne monitoring is performed. 

In summary, the features and controls important to the conclusions reached in this analysis are: 

Fire Protection Program: General housekeeping and inspection and combustible control 
programs PM000028 (Ref. 77) and WP 12-FP3003 (Ref. 76) 
(limits quantity and continuity of combustible materials). 

Warehouse Design: Substantial, robust, noncombustible construction. 

Warehouse Sprinkler Systems: Provides control of small fires, limits damage to item of origin, 
and protects building structure. 

5.1.9 Miscellaneous Buildings Fire Scenarios 

A fire involving the trailer complex housing Work Control (Bldg. 950), Engineering/Maintenance 
(Bldg. 951), and Operations (Bldg. 952) without sprinkler system operation would easily spread to involve 
the entire complex. The loss of these facilities would disrupt site activities. Similarly, a fire in the SB 
(Bldg. 452) without sprinkler system operation would also disrupt site activities until the function of these 
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facilities is restored. 

5.2 Underground Fire Scenarios 

The Underground portions of the WIPP facility are divided into four subsections. They are the disposal 
circuit (waste handling and disposal), the construction circuit (mining, maintenance, offices, and 
refueling), the north circuit (special experiments and tests), and general (hazards common to all areas). Fire 
scenarios are developed for each of these areas. However, a severe fire in any of these areas has the 
potential to disrupt electrical service to the area involved. In the event of any fire damaging the 
underground electrical distribution system, the electrical system may be reconfigured in accordance with 
existing procedures that provide for various underground power alignments. These types of power 
realignments are approved, and facility engineers and electricians perform this work on a regular basis 
during the mining progression or during ground control activities of the mining area. Facility engineers and 
electricians are experienced in this type of work. 

5.2.1 Underground Electrical Fire 

The primary and secondary underground 13.8 kV power is supplied to the underground switching stations 
through the Waste and Salt Handling Shafts from the Plant Substation. Each feeder is fault and lightning 
protected and uses a ground continuity relay. All underground 13.8 kV switchgear has provisions for local 
control, trip, and status indication functions.  

Dry-type transformers configured with delta/wye primary to secondary windings have the neutrals of the 
secondary wye grounded through resistors rated to meet MSHA requirements. Ground fault current is 
limited to 25 amperes. 

Underground substations provide the basic low-voltage power supplies to underground equipment and 
facilities. There are five fixed area substations and seven portable power centers that convert (or have the 
capability of converting) the 13.8 kV supply from the underground switching stations to a 480-volt supply 
for local use. A 600/995-volt supply is also available to power mining machines via selected portable 
power centers. 

The underground facility can be divided into the following two main areas that are served by the 
underground 480-volt substations: (1) The shaft pillar area adjacent to the four shafts is supplied from 
underground Substations 1 and 4 (53P-SBD04/5 and 53P-SBD04/4, respectively) and (2) The TRU waste 
disposal area at the south end of the mine is supplied from Substation 5 (53P-SWG04/5) or Substation 3 
(53P-SWG04/3).  

Loads in these areas are supplied either directly from feeder breakers in the substations or from distribution 
or portable lighting panels connected to the substations. The primary and secondary power supply permits 
the reconfiguration of the underground power distribution for maintenance in the drift, such as roof bolt 
replacement and reconditioning the drift salt surfaces. As a result of the continual reconfiguration of the 
electrical power, the distribution system configuration is well known and continually updated, and 
procedures are kept up to date. This primary and secondary configuration knowledge also allows expedited 
recovery from electrical damage after a fire. 

The electrical distribution underground is limited to areas requiring power. Not every room or alcove has 
electrical power service. This limits the possibility of electrical ignition to those areas serviced with 
electrical power. 
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5.2.2 Underground Disposal Circuit Fire Scenarios 

This area of the Underground includes the active disposal and waste handling areas as well as the inactive 
disposal areas. This is the only area of the Underground where TRU waste is located. Numerous diesel-
fueled waste handling vehicles and large pieces of equipment with significant quantities of fuel and 
hydraulic fluid are routinely used for normal operations in this area of the mine. Postulated fires involving 
these vehicles represent the worst-case severe accidents at the WIPP facility. The accidents that present the 
greatest possibility for significant damage and release of radiological material are those involving the 
combustible contents of the vehicle. Calculations WIPP-003 (Ref. 54) and WIPP-005 (Ref. 56) provide 
estimations of the combustible content of most of the WIPP underground vehicles (all the larger vehicles) 
and they provide evaluations of the likely fire severity, pool size (footprint), and heat flux developed for 
each vehicle. WIPP-003 recognizes the substantial contribution of the vehicle tires to a postulated vehicle 
fire and the dampening effect (lower chemical combustion efficiencies and material de-rating) that would 
be created by the massive steel construction of most underground vehicles, to develop an estimate for total 
vehicle de-rated combustible heat content and peak heat release rate. 

The WIPP-005 analysis employs a very conservative estimating method that considers a pool of molten 
rubber/polyethylene (depending on the type of tire) that is based on the individual vehicle’s tire 
arrangement and combines this fire size with a pool developed from the (assumed) spilled diesel fuel and 
hydraulic fluid associated with each vehicle. These phenomena are assumed to occur simultaneously and 
instantly upon ignition. Because of this, the fire scenarios evaluated in WIPP-003 and WIPP-005 analyses 
are considered beyond design-basis events. These analyses are nonetheless retained and updated to include 
the Horizontal Emplacement Machine. Vehicle fires are now evaluated in WIPP-036 (Ref. 62), using a 
revised, less conservative method. The combustible loading data contained in WIPP-003 is referenced (i.e., 
not re-created) in WIPP-036 and the combustible liquid spill fire analyses in WIPP-003 and WIPP-005 are 
retained (or not revised) in WIPP-036. 

The revised analysis method in WIPP-036 still addresses the potential for combustible liquid spills and 
burning tires. However, it now includes consideration of a longer-duration leak, or metered spill scenarios 
representative of a ruptured hose or small tank penetration. The burning tire pool size is derived from 
Norwegian empirical fire tests of dual truck tires. The plastic shrink-wrap around the seven-pack 
arrangements and the slipsheets are considered a negligible contributor to the estimated combustible mass. 
Moreover, since the waste container damage estimates already consider drum damage two rows away from 
the fire, it is appropriate not to consider the shrink-wrap or slipsheets in this analysis. 

The liquid pool fire size is calculated using pool depth of 6.4 millimeters, which is halfway between the 
10-millimeter pool depth specified by the U.S. Environmental Protection Agency (EPA) for hazardous 
chemical spill accident analyses and the 2.8-millimeter pool depth derived for diesel fuel spills onto 
concrete for TRU waste handling vehicle fires as promulgated through DOE-STD-5506-2007 (Ref. 11). 
The DOE Standard methodologies were deemed to be overly conservative with respect to liquid fuel spills 
in the WIPP Underground due to the natural, though typically compacted, salt substrate in the mine, 
whereas the EPA method was considered nonconservative because it is likely based on liquid spills on 
roadway fringes and unpacked soil. The analysis considers it a reasonable representation of postulated 
accident conditions to assume that the pool fire would be centered on the burning vehicle. From these data, 
WIPP-036 calculates the flux output from each postulated vehicle fire to determine the separation distance 
necessary to avoid seal failure of a standard waste drum and to avoid seal failure of any waste container. 
The data is presented in Table 5.2-1. See WIPP-036 (Ref. 62) for more detail and for citations of 
references. 
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Table 5.2-1. Underground Pool Fire Parameters from WIPP-003, WIPP-005, and WIPP-036 

Miscellaneous Liquid Spill Fires 

Source of Fire 

Peak 

Heat 

Release 

Rate, 

MW 

De-rated 

Energy 

Content, 

MJ 

Median Pool Depth – 6.41 mm 

Spill 

Diameter/Length 

(ft) 

Safe Distance, 

Edge of Fire to 

Waste 

Container (ft) 

Safe Distance,* 

Center of Fire 

to Waste 

Container (ft) 

Misc. Spill 1 gal 0.1 147 2.8 3.0 4.4 

Misc. Spill 5 gal 0.3 735 6.4 7.0 10.2 

Misc. Spill 25 gal 1.3 3,674 14.2 12.0 19.1 

Misc. Spill 27 gal 1.4 3,968 14.8 13.0 20.4 

Misc. Spill 50 gal 2.7 7,348 20.1 16.0 26.1 

Misc. Spill 80 gal 4.2 11,757 25.5 19.0 31.7 

Misc. Spill 100 gal 5.3 14,696 28.5 20.0 34.2 

  



Fire Hazard Analysis for the Waste Isolation Pilot Plant  WIPP-023, Rev. 5A 

70 

 

Vehicle Pool Spill Fires 

Vehicle 

Fire 

Diameter 

(ft) 

Fire 

Height 

(ft) 

Peak 

Average 

Emissive 

Power 

(kW/m2) 

Standoff Distance* 

to Edge of Fire (ft) 

Standoff Distance* 

to Center of Fire (ft)

Maximum 

(to any 

container) 

TRU 

Waste 

Drum 

Only 

Maximum 

(to any 

container)

TRU 

Waste 

Drum 

Only 

6-Ton Diesel Forklift 15.0 13.1 53.2 10.0 4.0 17.5 11.5 

Underground Transporter 19.2 13.1 51.9 10.0 5.0 19.6 14.6 

41-Ton Diesel Forklift 28.5 13.1 49.2 11.0 5.0 25.3 19.3 

20-Ton Diesel Forklift 27.5 13.1 49.5 11.0 5.0 24.8 18.8 

13-Ton Diesel Forklift 21.9 13.1 51.1 11.0 5.0 22.0 16.0 

HERE 26.0 13.1 49.9 11.0 5.0 24.0 18.0 

RH Bore Hole Auger 27.2 13.1 49.6 11.0 5.0 24.6 18.6 

Underground Transporter 
+  
6-Ton Forklift 

20.6 13.1 51.5 11.0 5.0 21.3 15.3 

Horizontal Emplacement 
Machine 

29.8 13.1 48.8 12.0 5.0 26.9 19.9 

Ordinary Combustible 
Fire 

9.0 18.0 55.1 9.0 4.0 13.5 8.5 

* Safe distance or standoff distance is where maximum flux to container is less than 15.9 kW per square 
meter. 
 

Note that the larger postulated WIPP underground pool fires evaluated in WIPP-005, because most are 
constrained by the width of the disposal room (33 feet), are represented as an oblong-shaped pool of a 
length that derives an equivalent footprint (in square feet) to the normally postulated circular/cylindrical 
fire. Once the pool size exceeds the width of the room, it can only spread out in length. The outer surface 
of the flame front then will be the same 33-foot-diameter semi-cylinder, regardless of the length of the 
pool. This accounts for the relatively constant separation distances to the edge of the fire required for pool 
fires with a diameter greater than the width of the disposal room. This method does not account for 
reduced combustion efficiencies associated with a lack of combustion air that would be expected with the 
larger fires. This reduced efficiency effect would be especially significant near the center of the larger 
fires. It would tend to dampen the heat release rate and extend the fire’s duration. Because this analysis is 
independent of fire duration and assumes there is sufficient air for combustion, the results may be 
reasonably considered conservative. The data in Table 5.2-1 indicate that none of the vehicles are 
postulated with a fire size that exceeds the 25-foot separation distance specified in the vehicle/equipment 
and fuel control programs described in Section 4.3. The 25-foot separation distance was qualitatively 
chosen as sufficient to diminish risk and is not intended to represent a bounding distance beyond which all 
postulated fire scenarios will not cause seal failure on the nearest waste container. Even though it is 
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possible (although a beyond design-basis event) for a fire on one of these forklifts to expose waste 
containers to damaging fire conditions, all of the conservatisms built into the fire modeling analyses must 
be aligned for this to occur at the same time one of the forklifts is ignited while it happens to be positioned 
adjacent (< 25 feet) to the waste face. It is qualitatively judged that this postulated scenario, although 
physically possible, is adequately prevented by the controls described. Otherwise, only a fire involving 
miscellaneous combustible liquid spills of 50 gallons or greater can spread beyond 25 feet. These fires are 
also considered beyond design-basis events and are also adequately prevented by the controls described in 
this analysis. 

A fuel release and vehicle fire occurring near the waste face could result in burning fuel flowing under the 
waste containers, potentially resulting in lid ejection and significant radiological doses to the workers and 
the public (Ref. 53). The credible underground fire scenarios are fully defined in the WIPP Hazards 
Analysis (Ref. 60). Consequences from an exposure fire that results in only seal failure and confined 
burning would be far less significant. Most fires postulated would result in excessive radiological doses to 
the workers and the public for the unmitigated analyses. During disposal operations it is essential for large 
liquid-fueled vehicles to be in close proximity to the waste face, a large waste disposal array. 

Therefore, the suite of engineered features and administrative controls established for waste handling and 
disposal operations (see Section 4.3) is aimed at preventing fires and maintaining vehicle-to-waste spacing 
as much as possible, so that if a fire were to occur, it would not result in significant or unacceptable 
consequences. The underground liquid-fueled vehicles are designed to prevent and/or mitigate fires. The 
design includes robust fuel tanks, automatic fire suppression systems, and testing requirements that are 
designed to reduce the likelihood of fire and fire severity. With these features and controls in place, the 
risk of moderate or high consequences from a fire associated with underground waste handling and 
disposal operations is acceptable. Beyond waste handling activities at the waste face, there is only 
transportation of waste from the waste hoist to the disposal room. CH waste carried on the underground 
transporter presents the greatest radiological release potential. However, the waste handling controls 
discussed in Section 4.3.1 are designed to minimize the potential for a collision or any fire involving the 
waste to occur. The Vehicle Exclusion Zone is established with a leading and lagging escort to transport 
the waste to the disposal room, and the waste is securely anchored to the bed of the underground 
transporter. This ensures that the waste containers remain on the underground transporter during a 
postulated fire. The solid steel bottom of the facility pallet will protect the waste containers from direct 
flame impingement by preventing airflows within the waste array, which would tend to otherwise enhance 
airflow, and flame movement, toward the containers. As such, the facility pallet is credited with preventing 
lid ejection in postulated fire scenarios where the containers can be reasonably considered to be present 
and properly loaded. This is analytically consistent with the technical basis for similar damage estimates 
developed in Reference 55. 

The worst place for a collision and follow-on fire to occur would be at the end of a filled disposal room, 
where a waste face is present. Section 4.3.3 describes two types of panel closure designs: the explosion/
isolation wall design, and the substantial barrier and isolation wall design. Either type of permanent 
closure structure at the face of a permanently closed panel would provide adequate protection from the 
consequences of any fire or explosion event on either side of the closure structure. That is, the permanent 
panel closure structure would protect workers outside the closed panel from events inside the closed panel, 
such as a deflagration from ignition of combustible gases. Moreover, the permanent panel closure structure 
would protect the waste inside the closed panel from events outside the closed panel, such as waste 
handling vehicle fires. It is noted in Section 4.3.3 that either type of panel closure design may be used for 
future panel closure operations. It is also noted that new, as yet undetermined, panel closure designs may 
be installed. Any new panel design would be evaluated and shown acceptable through the WIPP 
configuration control process prior to installation. From the perspective of this analysis, the design would 
have to be capable of withstanding the effects of waste handling vehicle collisions and pool fires, it would 
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need to prevent leakage of potentially spilled combustible liquids from outside to inside the closed panel, 
and it must be capable of withstanding a deflagration inside the closed panel. 

If there is no barrier yet installed, the fuel confinement program requires operators to install absorbent 
material to prevent fuel propagation into the closed panel. Finally, the restraints holding the waste to the 
transporter bed and the solid steel design of the facility pallet (Ref. 55) are important to hold the waste on 
the transporter during any fire or collision event and to prevent direct flame impingement on all the drums 
held there. These controls, in concert with all the other features and programs, are determined to provide 
adequate protection to the public and site workers from the effects of any postulated fires that could occur 
during transport. 

It is also noted that most but not all of the columns of waste placed in the disposal room are topped with a 
super sack of MgO powder. The MgO is installed to eliminate the carbon dioxide produced from microbial 
consumption of the cellulose, plastic, and rubber contained in the waste. However, the major function of 
MgO is to serve as a pH buffer, which reduces the solubility of TRU elements into the water in case of a 
water intrusion accident scenario. MgO is also used in many facilities as a fire extinguishing agent 
effective against plutonium and uranium fires. It is noncombustible and smothers the fire. The super sack 
is constructed of extruded polypropylene woven into a flexible cloth. The polypropylene in its raw pellet 
form will melt and flow if ignited, permitting propagation of fire. In its extruded form, however, it has a 
relatively slow burning rate. Reference 27 presents a composite Material Safety Data Sheet for extrusion-
grade polypropylene material that is representative of materials supplied by numerous manufacturers and 
may be considered appropriate for use here. Considering an average density of about 0.91 grams per cubic 
centimeter and a flammability classification of “HB” based on the horizontal burning test specified in UL 
Standard UL 94 (Ref. 52), the material supplied in accordance with the specification (Ref. 47) would take 
about 20 minutes to burn from one side of the super sack to the other. Therefore, a fire involving the super 
sack material could propagate a long distance over a very long period of time. However, once outside the 
influence of the initiating fire (postulated as a pool fire) it is most likely to self-extinguish, as HB 
classification requires. 

In the event that a long-lasting, smoldering fire should occur, mining operations can permanently seal off a 
room and abandon in place. In any event the burning plastic could not present a fire exposure hazard to the 
material contained in the U.S. Department of Transportation Type 7A TRU waste containers. 

Although a breach of the super sack would allow the MgO to flow freely to cover the fire below, its proper 
application could not be ensured or controllable. Where MgO super sacks are placed in one or multiple 
columns in the waste array, the material would, if the super sacks are breached, provide substantial 
coverage of spilled combustible liquids. Otherwise, the MgO columns would provide shielding for the 
waste columns. In this case, the MgO columns could be reasonably considered available to mitigate the 
effects of postulated fires in the underground. However, once again, proper application of the 
extinguishing agent cannot be ensured or controlled, and without additional assurances along these lines, it 
is more appropriate to consider the MgO as available for defense-in-depth. Therefore, the fire-
extinguishing properties of MgO are not credited in this analysis. 

In the event the MgO super sacks do not self-extinguish and no waste drums are damaged, the possible 
worst-case industrial fire scenario consists of a vehicle fire occurring in a partially filled waste disposal 
room. The diesel-powered CH and RH waste handling vehicles used in the underground have installed 
onboard automatic/manual dry chemical FSSs. It is assumed that the vehicle fire would be extinguished or 
self-extinguished and is not a factor in this scenario. The fire would continue to burn as a smoldering fire 
because it had ignited the cardboard slipsheets and the MgO super sacks (made of polypropylene with 
cardboard stiffeners) on the waste stack. 
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The initial response according to WIPP procedures is for a person discovering the fire to attempt to 
extinguish it with a handheld extinguisher if safe to do so. If this person is unsuccessful, the underground 
evacuation alarm would be sounded and the miners would report to egress hoist stations. Underground 
Operations would then conducts an evaluation and determine whether an evacuation is needed. If so, 
personnel would then leave the Underground. 

In accordance with 30 CFR 57, Section 4362 (Ref. 1), following the evacuation of the mine in a fire 
emergency, only persons wearing and trained in the use of mine rescue apparatus  participate in the rescue 
and firefighting operations in advance of the fresh air base. When the team encounters a noncombatable 
fire, the team shall seal the fire or regulate the fire so as to restrict the airflow to the fire and prevent its 
further advance. 

The ventilation path in the Underground is from the waste disposal room opening across the waste face 
and exits the ventilation louvers in the room exit bulkhead at the back of the room into the exhaust circuit; 
therefore, the exhaust circuit contains the fire gases. The exhaust drift and disposal panel is secured and 
entry into the exhaust circuit is controlled. Ventilation through the waste disposal room in accordance with 
evaluation may be diverted or reduced. In this scenario the smoldering fire gas stratification is 
insignificant, and the fire gases are transported with the ventilation exhaust flow. With the appropriate 
approvals and safety measures in place (such as gas monitoring), fire barriers to reduce airflow to the fire 
will be erected in front of the waste face and in the exhaust of the fire area. The room ventilation louvers in 
the room exit bulkhead downstream of the fire could also be closed. 

With the ventilation restricted or minimized to the area, the fire is considered isolated from the remainder 
of the Underground. The affected area would continue to be evaluated by instrumentation. A steady, 
consistent gas level would indicate fire self-extinguishment. 

If the fire does not self-extinguish, an MSHA-accepted option for fire extinguishment includes inerting the 
environment with nitrogen, although this option is not currently approved for use at WIPP. 

With successful extinguishment, it is estimated that normal waste handling operations could resume within 
a month of the initial fire. 

This analysis concludes that the features and controls adequately address reasonable operational sequences 
and events, including ignition of a single vehicle and ignition of two vehicles following a postulated 
collision. Only the lube truck fire is considered more severe. A lube truck fire in the disposal circuit is 
discussed in Section 5.2.3.2. 
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In summary, the following features and controls are considered to prevent or mitigate the potential for a 
fire in associated with WIPP Underground waste handling and disposal operations: 

Fire Protection Program: General housekeeping and combustible control program (limits 
quantity and continuity of combustible materials). 

Underground Liquid-Fueled Waste 
Handling Vehicle Design: 

Substantial, robust, noncombustible construction; robust fuel tanks 
(transporters are equipped with elastomer fuel cells enclosed in 
metal); automatic fire suppression systems; and testing 
requirements. 

Liquid-Fueled Waste Handling 
Vehicle Inspection Program: 

Prevents collision, minimizes ignition potential, reduces fuel 
volume, and separates fire from waste. 

Facility Pallet: Prevents direct flame impingement. 

Fuel Confinement Program: Prevents fuel spill from flowing under waste containers (for 
inactive disposal operations). 

Waste Handling Program: Secures waste to facility pallet and facility pallet to transporter to 
prevent them from falling off the transporter in a collision. 

Note:  MgO application from a fire-induced breach of a super sack provides additional design margin to 

minimize damage in the event of fire.  

Note: The referenced vehicle fire severity analyses (Refs. 54, 56, and 62) provide estimations of the 

combustible content of most of the WIPP underground vehicles (all the larger vehicles) and they 

provide evaluations of the beyond design-basis and likely fire severity and pool size. The heat-

release rate analysis is based on empirical testing of 1980s-style automobiles. Conservatism in the 

analysis includes the fact that the WIPP waste handling equipment is additionally provided with 

metal enclosure of most combustible materials, consistent with standard material handling 

equipment designs. That is, vehicles are not constructed with fiberglass bodies, fabric/plastic-based 

upholsteries, or other easily ignitable materials, and hydraulic and liquid fuel storage and transport 

systems are of noncombustible construction (not rubber or plastic). The fire severity analysis also 

uses reduced combustion efficiencies reasonably associated with these types of vehicles. Therefore, 

although they may be available, there are no specialized design features on the WIPP waste 

handling equipment that are considered necessary to support the conclusions reached in this 

analysis.  

5.2.2.1 Remote Fueling of Empty Vehicles in Active Disposal Area 

Diesel-powered mining/construction vehicles used in the Underground are normally refueled at the 
underground refueling station. They may also be refueled from the underground lube truck somewhere else 
in the underground construction circuit. However, there is a possibility that equipment could run out of 
fuel while in the underground disposal circuit. 
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In the event this occurs, WIPP operating procedures allow the lube truck in the disposal path only when 
waste handling is not in progress. It is never permitted in the disposal room. If a vehicle ran out of fuel in 
the active disposal room, operators would have to carry diesel fuel to the out-of-fuel vehicle in a portable 
safety can. However, they would only carry a sufficient quantity (approximately 5 gallons) to restart the 
vehicle and allow it to proceed out of the disposal room. The underground liquid-fueled vehicles are 
designed to prevent and/or mitigate fires. The design includes robust fuel tanks, automatic fire suppression 
systems, and testing requirements that are designed to reduce the likelihood of fire initiation, equipment 
failures, and damage from collisions. The automatically/manually activated dry chemical FSS present on 
each vehicle, if activated, could minimize the potential for a fire involving the vehicle or its fuel tank. 

5.2.3 Underground Construction Circuit Fire Scenarios 

5.2.3.1 Underground Diesel Fueling Station Fire Scenario 

Only diesel- or electric-powered vehicles and equipment are allowed in the WIPP Underground. To 
support the underground diesel-powered equipment, an underground diesel refueling station is located in 
an alcove off the construction side of the Mine Exhaust in W170 upstream of the Exhaust Shaft (See 
Figure 2.2-2). The refueling station includes pumping facilities that provide fuel to the underground diesel-
powered equipment from one of two portable fuel tanks that are stored in a room at the refueling station 
alcove. The portable tanks are hoisted and lowered into the underground through the Waste Shaft or the 
Salt Handling Shaft. Diesel tank hoisting is not performed via the Waste Shaft when CH or RH waste is 
present. Once the diesel tanks are lowered into the underground, they are promptly moved to the refueling 
station fuel storage room. An automatic dry chemical FSS is provided at the fuel dispensing station and 
inside the fuel storage room as required by the MSHA. Additionally, the area is provided with a ducted 
exhaust system that serves to exhaust any fumes or smoke should a fire occur directly to the exhaust of the 
underground ventilation system. Figure 5.2-1 below shows the portable tanks within their storage room in 
the Underground. 

 

Figure 5.2-1. Underground Diesel Fuel Station Storage 
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During normal operation, the door to the underground diesel storage tank alcove is kept closed. The 
normal arrangement of the underground refueling station is shown in Figure 5.2-2. 

 

Figure 5.2-2. Underground Diesel Equipment Refueling Station 

Diesel-powered CH and RH waste handling vehicles used in the Underground have installed onboard 
automatic/manual dry chemical FSSs. Vehicles and equipment used to support mining or construction 
activities have manually actuated FSSs. 

A diesel fuel spill could occur during a refueling activity and would likely spread across the mine floor in 
the vicinity of the refueling station. The potential fire scenario associated with a refueling accident depends 
on the floor geometry in the area, which determines the pool spill surface area, and on available heating 
and ignition sources to provide ignition of the spilled fuel. The mine floor in the area of the refueling 
station does not contain any significant heating or ignition sources. A fire occurring during refueling of 
one of the underground vehicles would require contact with a heat source, such as a hot exhaust pipe; once 
heated, an ignition source such as an electrical spark would be required. Assuming that the proper 
conditions exist for a release and ignition, a 5-gallon diesel fuel spill would cover approximately 32 square 
feet, result in a 0.3 MW peak heat release rate (Ref. 56). The flame height from this fire would contact the 
ceiling in the area, which is about 13 feet above the floor, and set off the dry chemical FSS provided for 
the fuel station. If the dry chemical system were to fail to operate, a pool fire could serve to ignite the 
vehicle being refueled, resulting in a larger fire in the area. A larger fuel spill would have a similar impact 
and depending on the depth of fluid could result in a much larger fire area before the dry chemical 
suppression system discharges. Should the dry chemical system fail to operate, the fire would continue to 
burn as long as there was sufficient fuel to continue the process. Depending on the nature of the initial fuel 
spill, the entire contents of the active storage tank could be involved in a fire in this area. Due to the nature 
of the natural salt surface and the lack of additional combustibles in the area, the fire would be localized to 
the fuel station area and waste containers would not be impacted. A fire this large would contribute 
significant combustible fire products into the mine ventilation system and this would result in the need to 
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evacuate the mine and isolate the ventilation system and control doors for the area around the fuel station. 

In summary, the following features and controls are considered in developing the conclusions of this 
analysis: 

Fire Protection Program: General housekeeping and combustible control program (limits 
quantity and continuity of combustible materials). 

Underground Layout: Refueling station location is remote from waste handling 
operations. 

Waste Handling Program: Vehicles do not carry waste to refueling station. 

Dry Chemical FSS: Suppresses fire prior to impacting underground operations. 

5.2.3.2 Underground Lube Truck Fire Scenario  

The underground lube truck is a Getman Model A special industrial vehicle with an overall length of 
23.5 feet and a width of 7 feet, with several tanks for delivering fuel and lubricants to underground 
equipment. The weight of the lube truck is approximately 23,000 pounds empty and between 28,500 and 
29,000 pounds when all tanks are filled (Ref. 78). Figure 5.2-3 shows a side view of the underground lube 
truck. 

 

Figure 5.2-3. Underground Lube Truck 
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The underground lube truck represents the maximum potential total fire load of any of the underground 
equipment based on the total energy content of the fluids it carries and the various combustible materials 
associated with the truck. In addition to the fluids necessary for vehicle operation, the lube truck carries the 
following bulk deliverable fluids: 

Filtration replacement fluid 80 gallons 

30-weight engine oil  80 gallons 

90-weight gear oil 80 gallons 

Waste oil 55 gallons 

Diesel fuel 180 gallons 

Potential fires for the lube truck include electrical system fires, brake fires, hydraulic system fires, 
heating/ignition of spilled combustibles, or exposure fires. The majority of expected fires on the lube truck 
could be expected to be small and localized to the point of occurrence unless they also involve significant 
additional fluids. 

A postulated fire involving the lube truck could occur during one of these remote activities where it would 
be away from installed suppression systems. This could result in a fire involving the lube truck and 
possibly the vehicle being serviced. To prevent fire that could involve waste in the Underground, the lube 
truck is procedurally prohibited from the Vehicle Exclusion Zone path during waste handling. The lube 
truck is also prohibited from entering a disposal room. 

A fully involved lube truck burning at its theoretical heat release rate is a very serious fire. A fire involving 
the maximum heat release for a fully involved lube truck has been evaluated elsewhere (WSMS-WIPP-05-
0005 (Ref. 79)). The conclusions of that evaluation were as follows: 

The local conditions near the lube truck would be severe regardless of the ventilation mode. Workers in the 
area would need to immediately evacuate the area prior to full involvement of the lube truck. The visual 
detection and immediate evacuation would provide a reasonable level of protection for any worker not in 
immediate proximity to the original fire occurrence. 

Where workers are downwind from the lube truck fire in the same room, conditions can rapidly become 
quite severe. Untenable conditions can develop rapidly. Once workers have donned their Self-Rescuer, 
which is designed to operate for 60 minutes with 1 percent carbon monoxide present, this protection allows 
ample time for travel to a Self-Contained Self-Rescuer cache or safe exit. 

The occurrence of this maximum fire is considered to be an unlikely event based on the design and 
construction of the lube truck. A rather large initial fire would be required to ignite the ordinary 
combustibles on the lube truck and to cause a release of several fluid reservoirs to facilitate the projected 
fire growth. Should one of the mine personnel be near the lube truck during the initial fire occurrence and 
trip the manually activated dry chemical FSS prior to exiting the area, this event would be limited and 
potentially reduced in its overall impact. The lube truck is prohibited by procedure from operating in the 
active disposal room at all times and is not allowed to enter the Vehicle Exclusion Zone during waste 
handling operations, so this fire event would not have radiological consequences. 

The lube truck is staged in an alcove with bulk containers of new and used oil products. This area of the 
underground is not provided with a fire suppression system. However, the alcove is mined with a 
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downward slope to prevent spills from pouring out into the main construction circuit drift. It has been 
determined that the storage of used oil and other combustible or flammable liquids in the lube truck alcove 
would not significantly increase the hazard as currently evaluated above. However, the presence of 
combustibles in this area does increase the likelihood of the occurrence of fire as evaluated and the 
increased combustible loading would at least extend the duration of the postulated event. Although a 
significant addition to the stored combustibles would not appreciably alter the analysis conclusion, this 
should not be interpreted to mean there is no limit. Only the amount of oil needed to operate should be 
permitted in this area and oil is inventoried quarterly. The evaluation is required to be approved by the 
DOE Authority Having Jurisdiction (AHJ). A 2009 review of the inventory quantities by the WIPP FPE 
indicate that the current inventory is reasonable and within the limits needed for operations. This approach 
is considered acceptable and within the bounds of this evaluation. 

In summary, the following elements are considered is developing the conclusions of the analysis of a fire 
in the underground construction circuit. This fire is determined to bind all single items or multiple item 
fires in the construction circuit. 

Fire Protection Program: General housekeeping and combustible control program (limits 
quantity and continuity of combustible materials). 

Lube Truck Access Control In 
Underground: 

Lube truck is not permitted in Vehicle Exclusion Zone or disposal 
room. 

5.2.3.3 Underground Maintenance Shop Area Fire Scenario 

The underground maintenance shop area is located in the construction portion of the underground 
structures and includes the welding shop. This shop is set up to perform all types of required maintenance 
on the underground equipment. Because this is a maintenance facility, there are the normal fire scenarios 
associated with machinery maintenance activities such as arc welding, the heating of stubborn parts, and 
the use of solvents.  

Depending on the nature of the fire origination and the material involved, a fire in the maintenance area 
could be easily controlled by portable fire extinguishers or could result in a quickly growing fire involving 
several megawatts of energy. The likelihood of a fire in the maintenance shop area involving underground 
equipment is lessened by the potential intervention of automatic or manually activated dry chemical fire 
suppression systems, which are provided on all diesel-powered underground equipment. 

5.2.4 Underground North Circuit Fire Scenarios 

The North Circuit contains experimental areas, an oil storage alcove, tire storage, and a miscellaneous 
storage area. The oil storage and tire storage areas contain significant fuel loading and are widely separated 
from other activities, limiting the ability for fire to propagate and providing negligible ignition sources. 
The ordinary storage area items are stored per the spacing or coverage requirements in the Fire Protection 
Program. 

The hazards associated with the EXO facility are minimal because nearly everything associated with the 
project is contained in a metal Connex container. The project recently removed excessive combustible 
materials and installed metal storage containers for the remaining materials. However, a fire in one of the 
structures associated with the experiment could result in contamination of the experimental process 
(equipment or clean rooms) that would involve a significant effort to recover the experiment. A description 
of the EXO project is provided in Section 4.3.5.  
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Other experiment operations, including the SEGA, MEGA, CEP and SDI projects (see Section 4.3.5), as 
well as experimental projects that may be developed in the future, are each implemented through the WIPP 
configuration control program and are evaluated by the FPE. 

5.2.5 Common Facility Fire Scenarios 

5.2.5.1 Small Fire in the Underground 

A small fire occurring in any active portion of the mine is possible. There are few combustibles in the 
disposal circuit except the electric personnel carts or an occasional workstation. Small fires are more likely 
in maintenance areas or office areas where there is no radiological material in the vicinity. In any event, 
small fires would likely be detected and extinguished by facility personnel using the extinguishers 
positioned throughout the occupied portions of the mine. There would be no impact to ventilation 
equipment or exhaust airflow and personnel evacuation could proceed without impedance. If the fire is not 
extinguished and continues to spread, it would develop into one of the other fire scenarios considered in 
Section 5.2. 

5.2.5.2 Underground Substation Fire Scenario 

Even with the built-in safety features, high-voltage substations and associated equipment have been known 
to experience such events as faults to ground and similar occurrences that result in fire. Such events may 
involve a localized explosion accompanied by release of high energy that can result in a fire involving the 
adjacent electrical equipment and surrounding combustible material. 

The electrical substations are located in alcoves off the drift where they are located. Access to the areas is 
restricted to authorized personnel only. If an electrical substation fire occurs, the event would be isolated to 
the area of occurrence and would not be expected to spread throughout the Underground. The resulting 
loss of power would have an impact on mine operations but due to backup power sources and 
uninterruptible power units, critical operations could be brought to an orderly conclusion and safe 
evacuation of underground personnel could be accomplished if required. 

5.2.5.3 Underground Fire Scenario Involving Flammable or Combustible Gases 

The potential for fires in the Underground involving flammable or combustible gases are typically treated 
as industrial hazards controlled by industrial safety requirements and ventilation. A minimum flow rate of 
60,000 scfm ventilation flow divided through the mine is required to support personnel and machine 
operations. This results in more than six air changes per hour, and generally a localized flow rate of 
approximately 100 feet per minute. This is sufficient to prevent the accumulation of combustible gases in a 
concentration that could lead to a deflagration or fire. 

Propane is limited to 20-ounce containers by the Fire Protection Program. Acetylene is limited to 
150-cubic-foot cylinders, and cylinders are transported with caps in place per safety requirements, and 
used only with a hot work permit system.  

Underground personnel conveyances include electrically powered carts, which require recharging. 
Recharging of discharged batteries is known to result in the emission of hydrogen gas, especially with 
severely discharged batteries. This presents the possibility of a hydrogen ignition/explosion and resulting 
involvement of the applicable batteries and associated vehicle. NFPA 505 (Ref. 42) requires that adequate 
ventilation be provided to ensure that there is no buildup of hydrogen gas. Per NWP AHJ Determination 
the ventilation flow through the mine that is required to support personnel and machinery operations, the 
minimum flow rate of 60,000 cfm underground, also serves to prevent the buildup of hydrogen gas and 
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mitigates the potential for this fire to occur. The battery charging connection is remote from the batteries, 
eliminating a local ignition source. The volume of the underground rooms and the minimum flow rate are 
qualitatively judged to be sufficient to prevent hydrogen accumulations in the Underground. 

5.2.5.4 Underground Office Area Fire Scenario 

A fire could originate in one of the office areas during the manned work shift or during the backshift when 
no personnel are near. Should a fire occur during periods when the area is occupied, personnel present 
would likely notice the fire in the incipient stage and extinguish the fire with portable fire extinguishers 
located in various areas of the Underground. If the fire occurs when no personnel are present, the fire 
would likely grow to the point where full involvement of adjacent combustible material occurs and last as 
long as fuel is available. It is unlikely that the fire could spread throughout the mine because there is a 
general lack of combustible continuity and the mine walls are unfinished, naturally occurring rock salt. 
Additionally, selected areas are isolated from the general mine area by metal bulkheads and partitions. 

Offices in mined alcoves are located about 1,000–2,000 feet away from disposed waste. The portable 
offices in Connex boxes can be moved to any location where they are needed, but typically represent only 
a 5 MW fire. The RADCON office is outside the disposal rooms. The Salt Handling Shaft office and EXO 
offices are semi permanent and represent up to possibly a 10 MW fire confined in a steel Connex box. If a 
fire were to occur in one of these office areas, no involvement of nuclear waste would occur and the main 
impact, other than loss of the involved material and equipment, would be smoke released to the mine 
ventilation circuit. 

5.2.5.5 Surface Fire Near Shaft Scenario 

A fire in a surface structure near a mine shaft would have a potential impact on the underground due to the 
possibility of introducing smoke and combustion products into the mine through the shaft. The WIPP mine 
shafts do not have any structures around their surface penetrations that contain significant combustible 
material. 

Head-frames for the Salt Handling Shaft and Air Intake Shaft are of structural steel. The hoist houses for 
these shafts are more than 50 feet away. The only fire exposure potential for one of these two shafts is 
represented by the salt trucks that operate near the Salt Handling Shaft. A salt truck could have a fire near 
the Salt Handling Shaft. The potential to draw smoke and combustion products into the Salt Handling 
Shaft due to a nearby salt handling truck fire depends on meteorological and wind conditions to support 
the intake with the air normally introduced into the shaft. Even if some smoke and combustion products 
were taken into the Salt Handling Shaft, the fresh air from the Air Intake Shaft and Waste Shaft would tend 
to further dilute the concentration of smoke and combustion products in the air in the underground 
ventilation path. 

The Waste Shaft interfaces with the surface inside the WHB. The WHB is of noncombustible metal 
construction. The Waste Shaft Tower inside the WHB is provided with automatic sprinkler protection. The 
auxiliary air intake for the Waste Shaft interfaces at a point 20 feet below the surface. For these reasons, a 
fire in the WHB Waste Shaft is not likely to have a significant impact on the air quality in the underground 
mine area. 

The auxiliary air intake structure is located within 30 feet of the SB at the closest point. An unmitigated 
fire in the SB could cause a concern for the Waste Shaft auxiliary air intake structure were it not made of 
substantial concrete masonry construction, which provides inherent resistance to being ignited from 
exposure to a fire. There are no ignition sources within the auxiliary air intake structure. In the event of an 
unmitigated fire in the SB combined with adverse meteorological and wind conditions such that some 
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smoke and combustion products could be inducted into the auxiliary air intake, the impact on the 
underground ventilation path would be minimal because the air taken in through the auxiliary air intake 
only services the Waste Shaft and Waste Shaft Station and then directly exits the Underground through the 
Exhaust Shaft. 

The Exhaust Shaft interfaces with the surface through ductwork for the underground ventilation fans. A 
fire in one of the nearby underground ventilation fans would tend to adversely impact mine ventilation but 
would not introduce any smoke or combustion products into the mine. The three main underground 
ventilation fans are well separated so that a fire in one fan would not impact the other two. A fire in the 
control circuitry to the fans could potentially impact the operation of the underground ventilation fans, but 
this event would be identified in the CMR and appropriate emergency actions would be taken to minimize 
the impact on underground operation personnel. 
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6.0 Evaluation of Fire Exposure Potential 

The fire exposure potential at WIPP is very well controlled by both physical separation of primary 
structures and the presence of sprinkler protection in virtually all of the facilities. NFPA 80A (Ref. 37) and 
DOE-STD-1066-99 (Ref. 8) provides recommended guidance for use in determining the minimum 
exposure distances required to ensure that both the horizontal and vertical spread of fire is prevented. The 
recommendations are intended to provide a reasonable level of protection for combustibles within and on 
the exterior of a building exposed to an external building fire, while contemplating effective firefighting 
activity. 

The physical layout of the structures at WIPP is such that the physical separation between most facilities is 
at least 50 feet and presents no exposure concern. Those buildings that do expose each other have sprinkler 
protection and in some cases, fire walls on the side of the exposed building. 

The SB and the Support Buildings that have been evaluated to assess separation distance criteria. Both 
expose the north wall of the WHB (Bldg. 411). 

6.1 Fire Exposure – Safety and Emergency Services Facility to the RH Portion 
of the WHB 

The SB is located directly north of the RH portion of the WHB and is separated by approximately 30 feet. 
The SB is a two-story structure (28 feet high) and rated as noncombustible construction. The RH portion of 
the WHB is a four-story structure (60 feet high) with approximately 40 feet of the width being exposed by 
the SB. Both the SB and the WHB are fully sprinkler-protected. The exposing walls of both facilities are 
not fire rated. The exposure assessment found that the minimum separation distance required for the 
facilities is 85 feet; however, due to the installed sprinkler systems in both facilities being operational, the 
actual separation distance of 30 feet is acceptable per NFPA 80A (Ref. 37). 

As additional defense-in-depth, since RH waste handling requires substantial shielding for worker 
protection, no RH waste containers are removed from the shipping containers until the shipping container 
has been moved into the Hot Cell Complex. RH waste from an RH TRU 72-B shipping container is 
removed in the Transfer Cell and raised up into the RH waste cask in the FCLR. RH waste in 30- or 55-
gallon drums is removed from the 10-160B shipping container in the cask loading room and raised to the 
Upper Hot Cell where the drums are placed into an RH canister. The 36- to 54-inch-thick concrete walls, 
floors, and ceilings of the Hot Cell Complex and the RH waste cask protect RH waste from any fires 
external to the RH portion of the WHB. 

6.2 Water Runoff/Containment of Liquids 

DOE Order 420.1B (Ref. 1) and the applicable implementation guide require that a means to prevent the 
accidental release of significant quantities of contaminated products of combustion and fire water to the 
environment, such as ventilation control, filter systems, and curbs and dikes, be employed. Such features 
would only be necessary if required by the FHA or DSA in conjunction with other facility or site 
environmental protection measures. 

The only area of concern in the BOP facilities is a fire in the Warehouse Building (Bldg. 453). A major fire 
involving any portion of the facility would generate a substantial amount of potentially contaminated water 
runoff from both the automatic sprinklers and manual hose streams. Expected maximum water flow based 
on the sprinkler system design is 1,000 gallons per minute (gpm) for 90 minutes, creating approximately 
90,000 gallons of potentially contaminated (radiological or chemical) water. Should the sprinkler system 
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operate for 90 minutes, it is expected that at least 80 percent of the water (72,000 gallons) would escape 
the confines of the structure and discharge to the ground. Based on the site’s topography and the 
stormwater drainage system, the majority of this water is expected to be captured by the site’s stormwater 
runoff pond located west of the site’s water storage tanks. Water that may be discharged to the north and 
west side of the structure may be absorbed into the bordering soil; therefore, remediation work would be 
required to clean up any unacceptable contaminants. 

The entire WIPP facility is classified as a Hazard Category 2 nuclear facility and has specific design 
features for the containment of contaminated water runoff. A detailed description of the confinement 
system can be found in SDD CF00-GC00 (Ref. 49). 

A fire within any one area of the WHB or TMF could generate as much as 8,200 gallons of discharge 
water for a typical fire with activated sprinklers within the building, and much more for a large fire with 
extended sprinkler system operation. The WHB has a fire water trench system and retention basins that 
would allow collection and sampling of any water used for fire suppression. Within the WHB, the site-
generated waste room, CH Bay, and RH Bay have covered trenches and sumps that are used to collect 
water which can then be directed to the holding ponds. These fire water trenches and sumps comply with 
the guidance to collect any contaminated runoff from the facility. The WIPP site is also graded to allow 
rainwater and other runoff to flow in the direction of the holding ponds. 

Because the shafts penetrate the surface, there is some potential for water intrusion into the mine areas. 
The likely fire suppression efforts would be some distance from the shaft entries; therefore, the potential of 
firewater intrusion is remote. In the event that some water is introduced into the shafts, it would be 
collected in the shaft sump area where it would be contained until removed. 
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7.0 Life Safety 

7.1 Waste Handling Building 

NFPA 101® Chapter 40.1.4(2) classifies the WHB as a Special Purpose Industrial Occupancy (Ref. 39). 
The WHB complex consists of Buildings 411 and 412. The hazard content of the facility is broken into 
two categories. The entire facility, with the exception of the RH Hot Cell Complex, is considered an 
Ordinary Hazard. The RH Hot Cell Complex contains no transient combustible material and a minimal 
amount of combustible components. Therefore, it would not be possible for a fire in this area to propagate, 
and as such, the area is considered a Low Hazard. 

The WHB is a steel-frame structure with insulated steel siding that is constructed in accordance with the 
requirements for NFPA 220 Type II construction. Portions of the building, such as the Hot Cell Complex, 
are constructed of concrete for shielding and structural purposes. The waste handling areas, which are 
subject to the potential for contamination, are coated with an epoxy paint to prevent penetration of any 
radioactive waste or contamination into the concrete or crevices and are provided with impermeable 
protective coatings for ease of decontamination. The portion of the north wall of the WHB directly across 
from the Support Building is of masonry construction. Interior finishes primarily consist of painted metal 
and concrete wall surfaces and structural members and painted or epoxy-coated concrete floors. The WHB 
interior finish meets or exceeds the Class A minimum requirements. 

The facility has multiple levels, but the majority of operations and personnel are located on the first floor 
of the CH and RH waste handling bays. The first level also contains the waste shaft collar, which is the 
entrance to the Hoist Shaft Conveyance. The second floor of the WHB contains mechanical space, the 
Waste Hoist Control Room, and roof access locations. The Waste Hoist Tower has five levels, and 
maintenance personnel may be located on any floor of the tower during the shift. The third floor provides 
access to the Crane Maintenance Room, where maintenance on the Upper Hot Cell crane is performed; the 
fourth floor houses the Waste Hoist Deflection Sheave Room; and the fifth floor is the Waste Hoist Room. 
The third through fifth floors are not normally staffed and no waste handling operations are performed in 
these areas. 

For Special Purpose Industrial Occupancies, NFPA 101® requires that two means of egress be provided 
except where travel to an exit is within 100 feet of the common path of travel. Total travel distance to an 
exit must be less 400 feet in sprinkler-protected facilities. 

Egress from much of the WHB is through airlock doors. These doors have magnetic releases manually 
activated to maintain differential air pressure within the facility. An emergency override switch is provided 
to release doors during an emergency. 

The 126-foot-tall Waste Hoist Tower access is provided by an elevator with a 650-pound limit, and a fire 
ladder is provided for egress. The third, fourth, and fifth floors are posted to limit access to 24 persons who 
are capable of using the ladder for escape, in accordance with NFPA 101®, “Special Structures” (Ref. 39). 

The Waste Hoist Control Room has a normal occupancy of one person, the hoist operator. The Waste 
Hoist Control Room is located in a noncombustible, fully sprinkler-protected office with two exits. All 
distances are within the NFPA 101® requirements. A work package is in place to provide crash bars for the 
exit doors, even though they are not required.  

Emergency lighting units are provided throughout the WHB. All units observed were single-station, dual-
light type with sealed lead acid battery packs. Placement is adequate to meet the intent of NFPA 101®. 
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7.1.1 CH Bay 

The normal occupancy of this area is approximately 40 people and the maximum expected occupancy is 
60. This maximum occupancy would include the facility workers, inspectors, and visitors to the facility. 
The area has seven exit doors providing egress from the bay through airlocks. The travel distance to any 
exit is well within NFPA 101® requirements for a sprinklered Special Purpose Industrial Occupancy and 
there are no dead ends or common paths of travel approaching 50 feet in length. The exit capacity of this 
bay far exceeds the normal occupancy and fulfills all requirements of NFPA 101®. 

7.1.2 RH Bay 

The RH Bay is an open bay area on the east end of the WHB used for the receipt, unloading, and 
preparation of the RH shipping containers for further processing in the Hot Cell Complex. This bay is 
60 feet in height and encompasses approximately 6,000 square feet of floor space with 40-foot and 70-foot 
hallways around the end and back of the concrete Hot Cell Complex walls. The RH Bay area contains a 
work platform for personnel working on preparation of the RH shipping containers while the containers 
are mounted on the cask transport car. The travel distances to the exit doors are less than the requirements 
of NFPA 101®. 

The RH Hot Cell Complex has areas with single means of egress that fall within the distance permitted for 
protected Special Purpose Industrial Occupancy facilities. These areas include the Upper Hot Cell, the 
Lower Hot Cell, the Service Room (which is one level below grade), and the Transfer Cell (which is two 
levels below grade). Only the Service Room is normally occupied during RH waste handling in the 
Transfer Cell. Access is to the Lower Hot Cell, is prohibited when RH waste is in the Upper Hot Cell. 

The Upper Hot Cell and Transfer Cell are not normally occupied and access is prohibited during RH waste 
handling. The access doors to the Lower Hot Cell and Upper Hot Cell are locked when RH waste is in the 
Transfer Cell. In addition, there are no transient combustibles stored in the Hot Cell Complex and there is 
no use of transient combustibles within the Hot Cell Complex rooms when waste is present in the Hot Cell 
Complex. 

Interior finishes in the remaining plant facilities primarily consist of painted or vinyl-covered gypsum 
board, masonry block walls, or corrugated sheet steel. Ceiling finishes in the warehouse facilities are 
typically vinyl-covered foam roof deck panels.  

7.1.3 Site-Generated Waste Room and Room 108 

The Site-Generated Waste Room located adjacent to the CH Bay on the northern side of the WHB ground 
floor is separated from the CH Bay by a designed 2-hour fire-rated wall that allows the CH Bay to be used 
as an egress. The 2-hour fire-rated wall is not maintained as a fire barrier due to no maintenance of fire 
dampers in the HVAC system ducts that penetrate the 2-hour-rated wall. The normal occupancy of this 
area is approximately 0 to 5 people, but the room can accommodate 45 or more based on its floor area and 
its proposed use as an operations personnel office area. The exit capacity for the room is approximately 
170 through its emergency exit, although normal room access is via two airlock entries between the 
CH Bay and Room 108. Room 108 has one emergency exit to the exterior and two normal means of 
personnel access through airlock entries. There are multiple exits for egress from any one position within 
the areas and no distance to an exit is greater than 100 feet in travel length. 

7.2 TRUPACT Maintenance Facility  

The normal occupancy of this area consists of occasional TRUPACT repair workers and RADCON 
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technicians. The technicians have an enclosed office space with desks for 10 people. This office has one 
door that is adequate for egress of the occupants. The building has three exits. Two doors exit directly to 
the outside and the third exits from the bay through airlocks. The travel distance to any exit is well within 
NFPA 101® requirements for a sprinklered Industrial Occupancy, and there are no dead ends or common 
paths of travel. The exit capacity of this bay far exceeds the normal occupancy and fulfills all requirements 
of NFPA 101® (Ref. 39). 

7.3 Warehouse Building 

NFPA 101® classifies the Warehouse Building as a Storage Occupancy. Hazard classification is considered 
as Ordinary Hazard. Illuminated exit signs are placed near each exit. The exits are widely separated and are 
adequate width for the anticipated occupant load. Previously, an exemption was issued by DOE to remove 
emergency exit lights when the facility was operated only on the day shift. However, exit lights have been 
recently re-installed because the warehouse is sometimes occupied at night. The warehouse interior finish 
meets or exceeds the Class A minimum requirements.  

7.4 Auxiliary Warehouse 

NFPA 101® classifies the Auxiliary Warehouse as a Storage Occupancy. Hazard classification is 
considered as Ordinary Hazard. Illuminated exit signs are placed near each exit. The exits are widely 
separated and are adequate width for the anticipated occupant load. Adequate emergency exit lights are 
installed in the Auxiliary Warehouse. The Auxiliary Warehouse interior finish meets or exceeds the 
Class A minimum requirements. 

7.5 Hazardous Material Storage Facility 

NFPA 101® classifies the Hazardous Material Storage Facility as a Storage Occupancy. Hazard 
classification is considered as High Hazard. Access to this facility is limited and is only provided by a 
sign-in sheet at the warehouse. The facility consists of five separate structures to provide separation of the 
various stored items. None of the Hazardous Material Storage Facility structures have exit signs or 
emergency exit lights. Due to the limited size of and access to the rooms, no exit signs or emergency lights 
are required. The interior finish meets or exceeds the Class A minimum requirements. Walkways, stairs, 
and handrails meet the requirements of NFPA 101®. 

7.6 Shafts and Underground 

Fire protection of life and property in underground facilities begins with a different set of challenges and 
priorities than fire protection in aboveground facilities. The MSHA provides requirements for underground 
challenges with guidance for the protection of life in mines that have limited exits and egress, testing of 
materials for flammability and toxicity, and testing of equipment for durability and reliability. 

MSHA regulations provide requirements for life safety through the use of training, accountability, rescue 
equipment/devices, and provisions for refuge areas or multiple exit drifts and shafts. Every person entering 
a mine is required to be trained or be escorted by a trained worker. Every person entering a mine is issued 
a brass accountability tag that provides accountability at the end of shift as well as providing accurate 
numbers of affected persons to rescue teams during emergencies. Each person entering a mine is required 
to have safety equipment, including a Self-Rescuer. This breathing device provides protection from carbon 
monoxide gas, thus protecting people from the most common cause of fatalities due to mine fires. The 
Underground is stocked with Self-Contained Self-Rescuer breathing devices with a dedicated supply of 
oxygen. WIPP provides multiple paths to assembly areas and evacuation points. These multiple paths 
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provide egress and avoid exposure to a fire or emergency event. These life safety features provide a 
comprehensive and robust protection system for life safety. 

MSHA regulations specify requirements for robust equipment designs, limiting fire hazards and fire 
damage to property. These requirements address other traditional mining operations. The fire protection 
strategy in mines is inside out when compared with aboveground facilities. Aboveground FSSs protect the 
structure and contents, while in the underground the mobile mining equipment is normally protected with 
FSSs. 

The mine walls (ribs) and ceilings (backs) are formed from indigenous, noncombustible salt material. The 
WIPP Underground Site Plan is largely tunnels (drifts) that serve as roads and utility distribution routes to 
the various mine areas. Mine operational and storage areas are often without power or without common 
ignition sources and inactive unless someone is present, thus decreasing fire risk. Risk of property loss is 
small when acquisition and operation/maintenance of equipment meet MSHA requirements. 

The WIPP shafts and underground structures are outside the scope of NFPA 101® exit requirements and 
are classified as a “coal or other mine” in accordance with the Federal Mine Safety and Health Act of 
1977, Public Law (PL) 91-173, as amended by PL 95-164 (Ref. 46). The WIPP shafts and underground 
structures are subject to life safety requirements provided in 30 CFR 57 (Ref. 1), promulgated by the 
MSHA. The supporting surface structures are subject to MSHA regulations but also may be considered 
Special Purpose Industrial Occupancies in accordance with NFPA 101® (Ref. 39). 

The great majority of the shafts and underground structures’ internal surfaces are not finished; the 
underground surface finish is primarily naturally occurring salt formation. The shafts are unfinished 
concrete/steel-lined for the first 850 feet from the surface and naturally occurring formations for the rest of 
the way. The inside finish material of the surface-located Support Buildings is primarily painted metal 
surfaces, with the exception of the auxiliary air intake structure, which has an unfinished concrete masonry 
finish. 

The means of egress requirements for the shafts and underground structures are delineated by MSHA 
regulations promulgated in 30 CFR 57, Section 1105, which require the following: 

“Every mine shall have two or more separate, properly maintained escape ways to the surface from 
the lowest levels, which are so positioned that damage to one shall not lessen the effectiveness of 
the others.” 

In addition to separate escape ways, assembly areas are provided for all employees who cannot reach the 
surface from their working places through at least two separate escape ways within a time limit of 1 hour 
when using the normal exit method, and refuge chambers are not required. Emergency Response Drills 
have established that underground evacuation occurs in less than one hour using the normal exit method. 
These fresh air assembly areas are positioned so that all employees can reach one of them within 30 
minutes from the time they leave their workplaces. Each person underground has a “Self-Rescuer,” which 
has a gas life requirement of 60 minutes against 1 percent carbon monoxide, thus providing protection 
from carbon monoxide poisoning. New Mexico Mine Safety requires Self-Contained Self-Rescuers, which 
have an integral oxygen supply; these are also cached at strategic locations in the Underground. 

Three separate and independent escape ways from the Underground to the surface are provided for WIPP. 
Directional reflective markers are placed on the ribs throughout the Underground and cleaned as needed. 
The escape and evacuation plans and related features are presented at mandatory annual mine training for 
all underground employees. Underground Operations conducts documented daily rounds of the 
Underground and the MSHA normally inspects the mine quarterly. The Waste Shaft serves as the primary 
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means of access/egress and has a man-deck approximately 11 feet wide and 15 feet deep. The Waste Hoist 
can accommodate approximately 75 personnel per trip. The Salt Handling Shaft is normally used as a 
secondary means of egress and can accommodate approximately 9 personnel at a time. In an emergency, 
the Air Intake Shaft also has accommodations for personnel conveyance. All hoist operators are located 
aboveground. All hoists have the required IT&M. 

The normal total underground occupancy is approximately 100 persons, with an administrative “brass tag” 
maximum limit set at 145, who can easily be evacuated from the Underground without using the normal 
exit method through concurrent use of the two smaller shaft conveyances within 1 hour. 

In addition to the escape ways maintained to meet MSHA requirements, to ensure that all personnel are 
safely evacuated during an emergency, a brass tag accountability system is used. This system assigns a 
numbered brass tag to each person entering the Underground and ensures a ready identification of 
personnel remaining in the mine if the brass tag is not turned in upon exit. 

In compliance with MSHA regulations, all persons entering the Underground are provided with a helmet-
mounted light to provide reliable lighting in the underground areas. Strategically placed evacuation plans 
and exit diagram stations are also placed in the Underground. 
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8.0 Occupant Notification System 

The WIPP Emergency Warning System for evacuation notification is defined in the Emergency 
Management Program procedure, WP 12-9 (Ref. 70). The system uses the site’s Plant Alarm system for 
notifying personnel of emergencies. 

The alarm system is supported by the site’s Public Address (PA) system for notifying personnel of 
emergencies and what action to take. The site also incorporates the use of radios, which are assigned to all 
work crews and emergency responders. 

The telephone system includes a private automatic branch exchange network providing conventional onsite 
and off-site telephone services. Major uses of this subsystem include the reporting of occurrences per 
DOE Order 231.1A (Ref. 6), and communications between the CMR and other plant or protective force 
personnel or the Emergency Operations Center (EOC). 

The “mine pager” phones are an independent, hard-wired, battery-operated system for communications 
throughout the underground and between the surface and underground. Mine pager phones are located 
throughout the underground and in surface structures to support daily operations and emergencies. Surface 
locations include, but are not limited to, the hoists, the CMR, and the Facility Shift Manager’s desk in the 
Support Building, and the EOC and the Mine Rescue Room of the SB. 

Twelve to fourteen portable communication/ electrical skids (called a Portable Switchrack Assembly) are 
used in the underground. These skids provide a means to move mine pager phones, continuous air 
monitors, warning lights, evacuation lights, and electrical power as the active work site moves within the 
underground. 

The underground evacuation signal is primarily by mine pager phones, and is supplemented by electric 
horns and strobe lights in most areas. An underground evacuation signal is initiated automatically by an 
underground fire alarm signal, from the permanently installed fire panels, via the Central Monitoring 
System (CMS) or manually by the CMR Operator or from pushbuttons in the Salt Handling Shaft hoist 
house and Waste Shaft Hoist Control Room. The underground evacuation signal is reset from any of the 
three manual pushbutton stations located at the Salt Hoist, Waste Hoist, and CMR. 

The plant alarm systems provide for the initiation of surface and underground evacuation alarms to begin 
emergency response and evacuation. This is supplemented by PA announcements from the CMR and local 
stations. The plant PA and alarm systems include the sitewide PA and intercom installations and the Site 
Notification System (SNS) for remote locations. These alarms are supplied with 30 minutes or more 
uninterruptible power supply in case the off-site power supply fails. The PA system master control console 
is located in the CMR, with paging stations located in the Support Building, WHB, water pump house, 
Guard and Security Building, Salt Handling Shaft hoist house and head-frame, EFB, SB, Engineering 
Building, Warehouse Building, shops, and the Underground. Local fire alarm and notification devices are 
strategically placed within the WHB to alert personnel of plant conditions or the initiation of a fire alarm 
from within the WHB. 
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Communications throughout the site are accomplished through the use of the PA system, the SNS via 
Plectrons® (radio receiver alarm units), radios, beepers, mine phones, and telephones. The CMR is the 
focal point for communications between surface and Underground Operations. Communications to site 
personnel of abnormal or emergency situations are performed by the CMR operator as follows: 

 The operator uses the PA system, the SNS, and the mine pager phones when making sitewide 
announcements. 

 The operator uses the surface zone of the PA system and the SNS to make an announcement only 
to surface personnel. 

 The operator uses Zone 4 of the PA system and the mine pager phones to make an announcement 
applicable only to underground personnel. (Note: The PA system is not required by fire codes or 
by MSHA requirements to be installed in the underground.) 

 If an emergency or response announcement is made, an introduction tone precedes the 
announcement. 

 If the response is ongoing, the announcement is repeated every 15 to 30 minutes. 

 When the emergency is terminated, an announcement stating such is made. 

The CMR operator uses the PA system and the mine pager phones to announce the status of waste 
handling operations (waste handling or waste disposal). Personnel working in areas where the PA system 
cannot be heard are notified by flashing lights (underground evacuation strobe lights), by vibrating pagers, 
or by other personnel. The most reliable form of communication in the Underground is the mine pager 
phones. PA communications are periodically tested to ensure functionality. To ensure dependable 
personnel notification, the communications systems are a preferred electrical load for the backup power 
system. 
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9.0 Fire Protection Systems 

9.1 Water Supply and Distribution System 

The fire water supply and distribution system consists of a water tank, two fire pumps, a pressure 
maintenance jockey pump, and a compound loop yard distribution system. The system installation is in 
accordance with NFPA 20 (Ref. 28), NFPA 22 (Ref. 28), and NFPA 24 (Ref. 35). 

The fire water supply system receives its normal water supply from an onsite nominal 180,000-gallon 
aboveground fire water storage tank. This tank is configured to supply the fire pumps in parallel, flowing 
water into a common supply header shared by both pumps. The domestic water storage tank can be used to 
supply fire protection water by the installation of a suction piping spool-piece. 

The amount of available water from the single dedicated fire water supply tank is sufficient to meet the 
maximum water demands required by NFPA codes and DOE guidance. 

The fire pumps are configured to start on demand via a drop in pressure from the fire water main. This 
drop in pressure may be activated by either the opening of a fire hydrant or by the activation of a sprinkler 
system. The initial fire pump is the electric-motor-driven pump and the other pump is diesel-engine driven. 
Both pumps are rated for 1,500 gpm at 125 pounds per square inch (psi). The fire pumps’ minimum 
requirement is to develop 1,500 gpm at 105 psi to meet maximum sprinkler demand (Ref. 65). Although 
the electric fire pump is the first to start from a pressure loss demand, the diesel fire pump can operate 
under all normal and off-normal conditions. Both fire pumps are capable of meeting 100 percent of the 
design required flow and the pressure demands of the fire protection water supply system. 

The pumps are arranged for sequential operation. Under normal conditions, the jockey pump operates to 
maintain the designed system static pressure. Should there be a demand for fire water that exceeds the 
capacity of the jockey pump, system pressure will drop and the electric fire pump will start. If system 
pressure continues to drop, the diesel pump will start. Operation of the two fire pumps and the jockey 
pump is controlled by changes in the distribution system pressure. 

The yard distribution system consists of a compound loop arrangement serving all areas of the site. The 
system supplies fire water to all facilities containing a sprinkler system. In addition, the system supplies 
fire hydrants, which are located at approximately 300-foot intervals throughout the site. The system 
contains numerous sectionalizing and control valves, which are locked or sealed. Recent modifications to 
the WHB sprinkler system revealed that several of the sectionalizing valves in the fire water underground 
are aging and do not close properly. These valves need to be capable of isolating the system if needed in an 
emergency or for system repair work. The conditions of the valves are identified in Table 14.1-1. The 
replacement plan is documented in WP 04-AD.03, Project Execution Plan for Post Indicator Valve 
Replacement (Ref. 69). 

9.2 Water Demand Requirements 

The site’s water supply and distribution system has been found adequate to meet the most demanding fire 
protection systems. All major components of the fire water supply and distribution system are UL-listed 
and FM-approved. For the purpose of clarification, the following discussion has been developed. 



Fire Hazard Analysis for the Waste Isolation Pilot Plant  WIPP-023, Rev. 5A 

93 

The design water flow requirement originally established for WIPP was based on a 1,000 gpm sprinkler 
system demand and 500 gpm hose stream demand for 2 hours. Original sprinkler system design 
requirements for the various WIPP surface structures are based on NFPA 13 (Ref. 28) Ordinary Hazard 
Group 1 and Group 2 classifications. The warehouse was based on NFPA 13 Ordinary Hazard Group 3 
classification at original design, but that category has been eliminated. The most recent version of the code 
classifies the hydraulic design and hazards of contents as Ordinary Hazard Group 2. 

Per NFPA 13, Ordinary Hazard sprinkler systems require 250 gpm hose stream allowance and sufficient 
water storage to support 90 minutes of system operation. A 500 gpm hose allowance is provided for the 
rack storage in the warehouses. The resulting total flow demands and resulting water storage requirements 
are presented in Table 9.2-1. This table lists all of the major facilities and lists the Area Designation that 
was hydraulically calculated. 

The minimum water storage requirement to support the sprinkler systems is 90,000 gallons, based on the 
Warehouse Building sprinkler system demand. 

The Warehouse Building is considered the most severe fire risk onsite. The building area is approximately 
12,800 square feet. NFPA 1 (Ref. 28), the Uniform Fire Code (UFC), suggests in Table H.5.1 that the 
minimum required fire flow and flow duration for a Type II (000) building with a 12,800-square-foot area 
should be 2,500 gpm for a duration of 2 hours. This results in a total storage requirement of 300,000 
gallons. Section H.5.2.1 of the UFC also permits a 75 percent reduction, not to be less than 1,000 gpm, 
when the building is protected throughout by an approved automatic sprinkler system. Therefore, 
according to the UFC the minimum water required is 75,000 gallons. The WIPP diesel fire pump requires 
approximately 50 gallons of diesel fuel for 2 hours’ operation at rated flow horsepower. This is based on 
the standard fire pump usage rate of 1 pint per horsepower per hour, according to Section A11.4.3 of 
NFPA 20 (Ref. 28). 

Section 9.2.1 of this FHA discusses water storage volumes required for prevention/mitigation of 
radiological consequences from a CH Bay fire. Section 5.1 provides more information on the postulated 
CH Bay fire scenario. 
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Table 9.2-1. WIPP Major Surface Building Water Requirements 

Bldg. Area Designation Flow (gpm) 
NFPA 13 Duration 

(min) 

Total Storage 

Req. (gal) 

411 WHB Battery Recharge Area 715 90 64,350 

411 WHB Manipulator Repair Room 543 90 48,878 

411 WHB Waste Shaft Hoist Operator Station 561 90 50,580 

411 WHB MER 613 90 55,170 

411 WHB Site-Generated Waste Room 739 90 66,510 

411 Room 108* 739 90 66,510 

411 WHB CH Bay 670 90 60,300 

411 WHB TMF* 670 90 60,300 

411 WHB Hot Cell Area Operating Gallery 594 90 53,460 

411 WHB Crane Maintenance Room 494 90 44,460 

411 WHB Filter Gallery Area in MER 722 90 64,980 

411 WHB Waste Hoist Tower 5th Floor 734 90 66,060 

411 WHB Waste Hoist Tower 4th Floor 802 90 72,180 

411 WHB RH Bay 645 90 58,050 

451 Support Building, 2nd Floor 729 90 65,610 

451 Support Building, Ground Floor 789 90 71,010 

451 Support Building, Mechanical Room 550 90 49,500 

451 Support Building, HVAC Room 597 90 53,730 

453 Warehouse Building 1,000** 90 90,000 

481 Auxiliary Warehouse 960 90 86,400 

* By inspection.  
** Flow requirements based on pipe schedule design. 
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9.2.1 Propagated Fire – Water Supply Evaluation 

Nuclear Safety Analyses require the assumption that fire will propagate in the nuclear facility. Section 
5.1.5 discusses a propagated fire that initiates in one of the rooms adjacent to the CH Bay. The fire is 
considered to actuate the sprinkler system in the room of fire origin, but the sprinkler system is not 
considered by Nuclear Safety Analysis rules to be sufficiently effective to prevent fire propagation to the 
CH Bay. Once the fire ignites in the CH Bay, it is assumed to be a fire that would damage staged waste 
containers; these are analyzed in Section 5.1. The sprinkler system in the CH Bay is credited at an SS 
level, to provide prevention or mitigation of the postulated fire accident consequences.  

Water supply systems for industrial facilities are not designed to supply two sprinkler systems at once, per 
NFPA; this analysis evaluates the adequacy of the water supply capacity that would be needed for this 
remotely plausible series of events. As described in Section 5.1.6, fire propagation through multiple rooms 
or nearby structures (i.e., the Support Building propagated fire) is considered incredible. Sections 5.1.3 and 
5.1.4 also discount fire propagation from the Hot Cell Complex or the Waste Hoist Tower, respectively, to 
the CH Bay. Therefore, this issue is related only to the rooms immediately adjacent to the CH Bay. These 
rooms are listed in Table 9.2-2. Table 9.2-1 defines the minimum designed water demand for each of the 
applicable sprinkler systems. Of these sprinkler systems, the Site-Generated Waste Room and Room 108 
have the largest design demand (see Table 9.2-2). These two systems can be supplied from either the north 
or the south due to the internal fire water extension. When combined with the CH Bay sprinkler system 
and adding redundant 250 gpm for hose flows, the maximum amount of water required for 
prevention/mitigation of radiological consequences from a CH Bay fire is approximately 105,000 gallons. 
Since the nominal capacity of the fire water storage tank is 180,000 gallons, there is sufficient margin 
available to supply design-density sprinkler discharge flows from the CH Bay sprinkler system plus any 
one of the adjacent rooms where the fire is postulated to originate. 

For extreme conditions beyond those evaluated here, additional onsite water for fire protection can be 
obtained by installing the spool piece to the domestic water storage tank. The fire protection water supply 
system meets the design requirements of DOE-STD-1066-99 (Ref. 8) and therefore fulfills the 
requirements of DOE Order 420.1B. 

Table 9.2-2. Water Demand for CH Bay and Adjacent Room Sprinkler Discharge 

Area Designation 

Sprinkler 

Flow 

(gpm) 

Hose 

Flow

(gpm)

CH Bay 

Sprinkler 

Flow 

(gpm) 

Total Fire 

Water 

Flow 

(gpm) 

Total 

Storage 

Required 

for 90 Min 

Flow (gal) 

WHB Battery Recharge Area 465 250 420 1,135 102,150 

WHB Manipulator Repair Room 293 250 420 963 86,670 

WHB Waste Shaft Hoist Operator 
Station 311 250 420 981 88,290 

WHB MER 363 250 420 1,033 92,970 

WHB Site-Generated Waste Room 489 250 420 1,159 104,310 

Room 108 489 250 420 1,159 104,310 

WHB TMF 420 250 420 1,090 98,100 
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Table 9.2-2. Water Demand for CH Bay and Adjacent Room Sprinkler Discharge 

Area Designation 

Sprinkler 

Flow 

(gpm) 

Hose 

Flow

(gpm)

CH Bay 

Sprinkler 

Flow 

(gpm) 

Total Fire 

Water 

Flow 

(gpm) 

Total 

Storage 

Required 

for 90 Min 

Flow (gal) 

WHB Crane Maintenance Room 244 250 420 914 82,260 

WHB Filter Gallery Area in MER 472 250 420 1,142 102,780 

WHB RH Bay 395 250 420 1,065 95,850 

9.3 Automatic Sprinkler Systems 

The shafts and underground structures do not employ the use of automatic FSSs except for isolated 
structures such as the underground refueling station. Limited coverage of automatic FSSs are employed for 
the surface structures directly interfacing with the Underground, such as an automatic fire sprinkler system 
in the exhaust filter house and the Waste Hoist Tower for the Waste Shaft located in the WHB. Automatic 
FSSs are provided on underground waste handling equipment and manually activated FSSs are provided 
on underground mining, construction, and maintenance equipment. Fire Brigade (FB) response is 
supported by onsite-based emergency fire response vehicles and appropriate manual fire suppression 
equipment for both surface and underground fire events. Portable fire extinguishers are employed 
throughout the site to support incipient fire suppression. 

The sprinkler systems installed at WIPP were designed and installed in accordance with NFPA 13 
(Ref. 28). All sprinkler risers were inspected and no deficiencies were noted. System IT&M is performed 
per planned IT&M procedures. The IT&M procedures are written to meet the applicable code, field 
verified, automatically tracked in the Computerized History and Maintenance Program System 
(CHAMPS), and the results are maintained for the required length of time for review. Random IT&M 
records were reviewed and were complete and accurate. IT&M is further discussed in Section 13.9. 

As with any design applied at DOE facilities, the criteria established by the AHJ must also be included in 
the design. This includes the information put forth in DOE-STD-1066-99 (Ref. 8), which carries forward 
the criteria originally defined in DOE 6430.1A (Ref. 8). This document was applicable at the time of the 
systems’ original design (circa 1984).  

DOE-STD-1066-99 (Ref. 8) requires that NFPA 13 should be used to determine the hazard classification 
for any facility. For facilities where there is a potential for a change in occupancy, Light Hazard 
Occupancy sprinkler system design criteria should not be used. Hydraulically designed sprinkler systems 
should be designed for a supply pressure of at least 10 percent but not less than 10 psi below the supply 
curve.  

Basic calculations have been performed and it has been determined that a supply margin exists even as 
there is a reduction in fire pump capacity (degradation due to normal wear and tear). As the water supply 
becomes weaker, the supply margin of the sprinkler system nears its limits for performing satisfactorily. 
An engineering analysis (Ref. 65) determined that an excess supply margin would be available for the 
most demanding system when the fire pump capacity was 1,500 gpm at 105 psi or more. Moreover, the 
reduction in suction head pressure as the water tank is depleted can cause the output pump capacity to drop 
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below the sprinkler design curve. This also limits the site’s ability to modify/extend most of these 
marginally designed systems in that the demand may increase and exceed the supply capacity. Some 
facilities built at a later date did incorporate a substantial design margin and therefore have an ample water 
and pressure availability to ensure operability over the service life of the facility. 

The following sections provide a brief description of each facility’s system and the apparent supply margin 
factor based on the latest water supply indicated by hydrant testing. 

9.3.1 WHB Sprinkler Systems 

The WHB is equipped with three wet-pipe sprinkler systems. These sprinkler systems are supplied from 
the site’s fire water distribution system and are connected via 6-inch branch lines to 10-inch mains south, 
north, and east of the building. Post indicator valves (PIVs) are supplied for system isolation. An internal 
aboveground water supply extension was installed in 2008 to connect the water supply of Room 108 to the 
water supply of the CH Bay riser. This 6-inch galvanized steel line with isolation valves provides 
redundant water supply to the WHB systems and provides an additional water supply loop segment. The 
risers are equipped with a riser isolation valve, alarm check valve, and associated trim. A pressure switch 
is provided and transmits a signal to the building fire alarm control panel (FACP). The systems are 
hydraulically designed to validate operability based on available water supply. The systems are designed 
as Ordinary Hazard Group 1 and Group 2 per NFPA 13 (Ref. 28). A second underground water supply to 
the RH Bay sprinkler system was installed in early 2009. The new connection, approximately 30 feet south 
of the existing connection, is separated from the existing connection by a new PIV in the main supply line. 
PIVs were added to both the new and existing connections to enhance isolation capabilities should one of 
the lines be disabled. This new connection was also hydraulically designed to validate operability based on 
available water supply. These two recent system upgrades enhance the reliability of the CH Bay and RH 
Bay sprinkler systems. 

Table 9.3-1. WHB Sprinkler Data 

Area 

System 

Demand 

(gpm) 

Hose 

Demand 

(gpm) 

Total 

Demand 

(gpm) 

Pressure at 

Riser (psi) 

Design 

Density 

(psi) 

Battery Recharge Area 465 250 715 136.2 0.19 

Manipulator Repair Room 292 250 543 137.7 0.16 

Waste Shaft Hoist Operator Station 210 250 560 137.6 0.19 

MER 362 250 612 137.1 0.16 

Site-Generated Waste Room 488 250 738 136 0.19 

CH Bay and TMF 410 250 670 136.6 0.19 

Hot Cell Operating Gallery 343 250 593 137.3 0.16 

Crane Maintenance Room 242 250 492 138.1 0.16 

Filter Gallery Area in MER 471 250 721 136.1 0.16 

Waste Hoist Tower 5th Floor 489 250 739 133.34 0.19 

Waste Hoist Tower 4th Floor 552 250 802 127.17 0.19 

RH Bay 395 250 645 127.31 0.19 
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The CH and RH Bays contain work platforms that are used for waste handling operations. These areas are 
the CH Bay TRUDOCKs and office areas in the RH Bay. Installation of sprinkler coverage of these areas 
occurred in 2009. This closed finding 2006-01. The areas under the platforms were clear of debris and 
transient combustibles as per operation procedure requirements.  

9.3.2 Warehouse and Auxiliary Warehouse Buildings 

The Warehouse Building is equipped with a single wet-pipe sprinkler system. The fire sprinkler system is 
supplied via a 6-inch branch line connected to the 10-inch fire water main south of the building. The 
system incorporates a riser isolation valve, alarm check valve, and associated valve trim. A PIV is supplied 
for system isolation. A pressure switch transmits a flow signal to the local FACP.  

The Auxiliary Warehouse is equipped with a single wet-pipe sprinkler system. The system is supplied 
from the site’s water distribution system and is connected via a 6-inch branch line to a 10-inch main 
southeast of the building. A PIV is supplied for system isolation. The riser is equipped with a riser 
isolation valve, alarm check valve, and associated trim. A pressure switch is provided and transmits a 
signal to the building FACP. The system is hydraulically designed and is classified as Ordinary Hazard 
Group 1 (OH-1) per NFPA 13 (Ref. 28). For design purposes, the building is considered as one fire area. 

The sprinkler system in each of these warehouses was evaluated (Ref. 64) using the hydraulic calculation 
methods of NFPA 13. The calculation determined that the current configuration will meet NFPA 13 
requirements for rack storage up to 12 feet high. The calculation determined that water supply is adequate 
for 12-foot-high rack storage. In addition, the storage racks have been recently reconfigured to limit 
storage to no more than 12 feet high. The hydraulic calculation also determined that changing to large-
orifice sprinklers would support storage to 14 feet high in the auxiliary warehouse. This increased water 
density and droplet size would provide increased protection for the wire rope and custom-manufactured 
hoisting equipment. The large-orifice sprinklers were procured in 2009. 

Water damage to the insulation ended when roof repairs were completed in 2009. Issue 2008-06 is closed.  

9.3.3 Hazardous Material Storage Facility (Bldg. 474) 

The Hazardous Material Storage Facility consists of five buildings. Each of the buildings is equipped with 
a wet-pipe sprinkler system. The risers associated with each of the buildings are equipped with an outside 
screw and yoke (OS&Y) valve and vane-type alarm switch. Branch mains and sprinkler head spacing are 
of a pipe schedule design. A common inline check valve installed off the fire water main isolates the yard 
main from additional pressure applied at the fire department connection. 

The sprinkler system in Bldg. 474C is in a non-heated area. To prevent the system from freezing, all of the 
riser and branch piping has been insulated. NFPA 13 allows for risers and cross mains to be insulated 
(Ref. 28). In viewing the installation of the insulation (see Figure 9.3-1), the methods employed to protect 
the lines from freezing do not impair or restrict the sprinkler system from operation. 
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Figure 9.3-1. Hazardous Material Storage Facility Insulated Sprinkler Piping 

9.3.4 Underground Support Structures 

The EFB and Salt Handling Shaft hoist house are provided with full-coverage automatic sprinkler systems 
designed to NFPA 13 Ordinary Hazard Group 1 criteria (Ref. 28). The Waste Shaft hoist areas within the 
WHB are also provided with a full-coverage automatic sprinkler system, designed to NFPA 13 Ordinary 
Hazard Group 2 criteria. Automatic sprinkler systems are not provided for the remaining shafts and 
underground structures. 

9.3.5 Other Automatic Extinguishing Systems 

An automatic dry chemical extinguishing system, designed to the requirements of NFPA 17 (Ref. 32), 
provides fire suppression for the underground refueling station general area and the portable fuel storage 
tank alcove room located in W70 of the Underground. Additionally, waste handling vehicles supporting 
underground waste handling operations have onboard automatic/manual dry chemical extinguishing 
systems. The underground dry chemical systems are regularly inspected and maintained.  

The dry chemical system at the refueling station was approaching its original design life expectation. This 
issue was identified in a previous revision of this document as Observation 2006-05 and was carried 
forward as Issue 2008-03. Procurement and installation of a new dry chemical extinguishing system is 
complete and the new extinguishing system is operable. Issue 2008-03 is now closed (see Table 14.3-1). 
The new system is an ANSUL industrial dry chemical system with dual 500-pound tanks, with high-
pressure nitrogen as the expulsion gas. 

The dry chemical system was accidentally discharged in August 2009. Fire Protection Engineering 
determined that IT&M training was not adequate for fire protection systems. Further discussion of IT&M 
is in Section 13.9. 

The diesel-powered CH and RH waste handling equipment used in the Underground are equipped with a 
dry chemical automatic/manual fire suppression system that are designed to extinguish fires associated 
with fuel or hydraulic leaks or the engine. There are no other automatic extinguishing systems associated 
with waste disposal. 
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9.4 Manual Suppression 

9.4.1 Fire Brigade Hose Stations 

Many of the facilities throughout the site were originally equipped with occupant-use hose stations. These 
systems were designed as 1.5-inch hose stations for use by occupants of the facility in conjunction with the 
sprinkler systems and incorporated into the hydraulic design calculations in accordance with NFPA 13 
(Ref. 28).  

At some point the hoses and hose racks were removed, leaving only a capped hose connection and valve. 
This current arrangement does not meet any of the NFPA 14 (Ref. 31) standpipe classifications. Therefore, 
these former occupant-use hose stations should not be credited as a fire protection feature for use by the 
site FB. 

The Baseline Needs Assessment (BNA) (Ref. 67) stipulates that two hose lines capable of supplying 
300 gpm together and a minimum of 100 gpm each be available for surface building firefighting. It does 
not specify that the capability be provided using permanent interior hose stations.  

The design is in compliance with NFPA 13 and is not within the scope of NFPA 14. Site firefighters have 
requested that the hose connections be maintained and their use permitted for rescue operations. The hose 
connections were labeled “For Fire Brigade Use Only” to prevent general occupant use. Firefighter safety 
can be enhanced by describing the hose connections and their intended use for rescue operations in the 
WHB pre-fire plan. This issue was included with another issue related to the WHB pre-fire plan, as Issue 
2008-02. The pre-fire plans were modified to illustrate the fire brigade hose connections. The issue is 
closed (see Table 14.3-1). 

No standpipe systems designed to the requirements of NFPA 14 are installed onsite, and none are required. 

9.4.2 Portable Fire Extinguishers 

All site facilities are equipped with Class ABC dry chemical fire extinguishers, appropriately sized and 
located: in surface structures in accordance with NFPA 10 (Ref. 28), and in the Underground in 
accordance with the Federal Mine Safety and Health Act (Ref. 46). A random inspection of the fire 
extinguishers found that all extinguishers were properly tagged and monthly/annual inspections were up to 
date. Many of the extinguishers had either 6-year inspection labels or 12-year hydrostatic test labels 
affixed as required by NFPA 10. None of the extinguishers observed were found to be out of date. IT&M 
of fire extinguishers is performed by site personnel. Selected IT&M records were reviewed and found to 
be up to date.  

Portable fire extinguishers are located in the underground structures where there are potential fire hazards 
that warrant their presence, as well as in support areas in the construction zone where hot work being 
conducted under the WIPP hot work permits procedure WP 12-FP-3002 (Ref. 75) is allowed. Portable fire 
extinguishers are provided in surface structures in accordance with NFPA 10. 

Additional fire extinguishers are provided for all motorized vehicles used in the Underground. 
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10.0 Fire Detection and Alarm Systems 

10.1 Protective Signaling Systems, Alarm Monitoring 

The CMR is classified as a Proprietary Supervising Station (PSS) per NFPA 72® (Ref. 36). As a PSS 
configuration, NFPA 72® requires specific qualifications for operators. NFPA 72® also specifies certain 
practices be implemented to ensure that the receipt of an alarm signal is immediately assessed and 
responded to in accordance with site response plans. The CMR is located in the Support Building on the 
second floor and enclosed in a room with 2-hour fire-rated walls and with access restricted to authorized 
personnel. CMR operators are trained in all aspects of alarm response. Backup power is supplied from a 
dedicated uninterruptible power source that provides electrical service for both emergency lighting and all 
monitoring equipment until backup generators are brought on line. Should the need arise to vacate the 
CMR, auxiliary monitoring of the fire alarms and critical plant controls can be performed at Building 458, 
the Guard and Security Building. The CMR is manned continuously by a qualified operator. At a 
minimum, two personnel are always present in the CMR. Rotation ensures that a CMR qualified operator 
is present. Transmission of the fire alarm signal to the CMR is split between two means: the radio fire 
alarm receiver (RFARs) and the site’s CMS. Facilities that have the radio frequency alarm transmitters 
send the signal to the RFARs, stand-alone computers, in the CMR. The facilities that are hard-wired into 
the local processing units (LPUs) send the signals through the CMS system components. 

The CMS is a computer system based around a programmable logic controller (PLC) design. The system is 
arranged using standard PLC interface modules internal to LPUs. The LPUs are interfaced to a dedicated 
transmission loop. All data from the CMS is received at the CMR at the workstations. This system when 
installed per the original design specification was not required to specifically meet all the requirements of 
applicable consensus codes. Upgrades/changes to the system have not been in compliance with existing 
standards for fire alarm and detection systems with respect to adhering to “listing” requirements of 
applicable industry codes and standards. An equivalency (Ref. 19) was obtained from DOE to operate the 
current CMS as is for fire alarm and detection. 

Fire alarm signals from the site’s FACPs are transmitted via a relay changing state (normally closed to 
open). The change in condition signals the appropriate CMS point identification via the LPUs and is 
translated to the CMR screen, where the data is viewed by the operators. 

Several issues were identified in a previous revision of this FHA as Finding 2006-02. The issues were 
related to the system not being listed by UL or FM, supervision of circuits, and testing requirements. In 
response to this item, WIPP personnel submitted a request for variance that was approved by DOE 
Carlsbad Field Office (CBFO) in January 2007 (Ref. 19). The variance documents a system design that 
meets the intent of the code requirements and is thus an equivalency. The system is not, and was not in 
2007, functionally classified as SS or SC. Therefore, the CBFO approval is appropriate and Finding 
2006-02 is closed. 

CBFO requested a functional equivalency to replace the variance for the CMR configuration. The 
functional equivalency was submitted as a letter, dated June 16, 2009, AA:09-00793 (Ref. 20). CBFO 
approved the equivalency June 24, 2009, in AA:09-00423 (Ref. 24). 

The RFAR system was installed in the mid-1980s and is composed of field-located radio transceivers and a 
central receiving station located in the CMR. The RFAR station in the CMR is a Microsoft DOS®-based 
system. The system was updated in 2009 with a new transmitter module to meet National 
Telecommunications and Information Administration (NTIA) standards. 

Finding 2006-03 was issued in a previous FHA to address the system’s age. However, a review of the 
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system revealed that it is still listed by FM and operational replacement parts are still available; therefore, 
the system is still acceptable. The finding was closed. However, long-term system upgrades are planned 
for future budget requests. 

Sitewide Automatic Detection and Alarm Systems 

Verification of test records indicate that a comprehensive IT&M program is being used to ensure that 
system performance standards are met and the operability of the system is maintained at 100 percent. A 
review of the WIPP Form database found no late or noncompliance issues pending on the fire alarm 
systems. 

The site is equipped with FACPs located in the majority of the site facilities. The FACPs primarily provide 
service for manual-pull station activation and in some facilities, smoke detection activation by duct smoke 
detectors. Selected facilities are provided with spot fire detection as defined by NFPA 72® (Ref. 36); 
however, only two facilities (the Gatehouse (Bldg. 475) and Compressor Buildings (Bldg. 463) were found 
to have the detector spacing in accordance with the applicable standards. With the exception of these two 
facilities, no credit can be applied to any of the systems for having incipient fire detection capability. Fire 
alarm annunciation is initiated by the FACP when in alarm condition, which in turn activates the facility’s 
bells and strobes. 

IT&M is performed by Site Maintenance and Emergency Services Technicians (ESTs). Previous 
Observation 2006-06 was evaluated by site personnel and closed because no specific issues could be 
identified. Further discussion of IT&M is in Section 13.9. 

Some of the FACP units were originally installed in the mid-1980s and are well beyond their design 
service life. Parts for these units cannot be obtained and therefore repairs/modifications to keep them in 
service may not be in compliance with NFPA 72®,which requires that all alarm initiating or signaling 
devices or modifications to the FACP be approved by the manufacturer to ensure that the system remains 
within its listing. To address this issue and to save time and cost, the FPE and Cognizant Engineer 
recommend that these panels be replaced with new replacement panels as they fail they in lieu of 
attempting large-scale repairs now. Long-term system upgrades are planned for in future site budget 
requests. As long as the systems are operational, this is acceptable. 

10.2 Sitewide Manual Alarm System 

Fire reporting is accomplished via the 8111 emergency reporting number to the CMR. Fire reporting can 
also be performed via portable radios. 

Manual fire alarm pull stations are located in various supporting surface structures and throughout the 
WHB and TMF, in accordance with NFPA code requirements, and in major areas of the underground 
structure. Typically, manual fire alarm pull stations are positioned to facilitate expedient fire alarm 
initiation, such as by the exit doors of the facilities. The manual fire alarm pull stations are interfaced to 
the building FACP. 

The RFAR boxes located on the outside of facilities have a manual activation button to notify the CMR of 
a fire at that location. The button does not set off the local alarms in the associated facility. This 
arrangement is similar to that referred to in NFPA 72® (Ref. 36) as a “street box” arrangement, in which 
anyone observing a fire condition can report the fire. At the WIPP site, all personnel are trained to call the 
CMR to report a fire after activating the manual activation button; however, there have been incidents at 
other DOE sites where the RFAR boxes were activated and no effort was made to evacuate the facility. 
Lesson Learned 1999-RL-HNF-00016, Richland Operations Office, has a similar arrangement with their 
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radio alarm transmitters. WIPP has incorporated this Lesson Learned and ensures that personnel are 
trained. 

10.3 Alarm and Detection for Specific Locations 

10.3.1 Waste Handling Building (Bldg. 411) 

The fire detection and alarm system for the WHB consists of a Pyrotronics System 3 FACP located in the 
airlock entrance to the CH Bay. The FACP provides service for the entire WHB complex. Indicating 
appliance circuit (IAC) devices for the FACP include manual-pull stations and heat detectors. Notification 
appliance circuit (NAC) devices consist of combination bells and strobes. The FACP is interfaced with the 
CMS, which takes the output alarm signals from the FACP and routes them through an LPU to the CMR. 
This method of alarm transmission is via form-C contact relays that are not supervised as required per 
NFPA 72® (Ref. 36). Failure of these relays on the output side could delay or fail to report an alarm 
condition. Furthermore, the CMS is not an approved means of transmitting alarm conditions in accordance 
with NFPA 72®. As noted in Section 10.1, CBFO granted an equivalency. The system is therefore 
acceptable and no further action is warranted. 

10.3.2 Warehouse Building (Bldg. 453) 

The fire alarm system installed in the Warehouse Building is a Fire-Lite mini-scan 424A, a four-zone 
conventional FACP. This system is a zoned-type FACP with style-B initiating device circuits (IDCs) and 
style-W NACs. A 120 VAC power supply and transformer is fully supervised and provides 24-volt direct 
current (VDC) power for the detection and notification circuits. 

The IDCs include manual-pull stations that are located throughout the facility at or near all exits. Sprinkler 
flow is also monitored by the system.  

The NAC employs a combination of bells and strobe lights. These are adequately spaced in accordance 
with NFPA 72® (Ref. 36) throughout the facility to ensure that all personnel can hear the alarm and initiate 
facility evacuation. 

The municipal tie to the CMR is through output relays interfaced with the CMS network. When output 
signals are initiated, the relays change state at the FACP, causing the CMS LPU to initiate a signal to the 
CMR. 

10.3.3 Auxiliary Warehouse (Bldg. 481) 

A fire alarm system installed in the auxiliary warehouse is a Notifier SPF-400, a four-zone conventional 
FACP. This system is a zoned-type FACP with style-B IDCs and style-Y NACs. A 120 VAC power 
supply and transformer is fully supervised and provides 24 VDC power for the detection and notification 
circuits. 

The IDC includes manual-pull stations and sprinkler flow monitoring. Manual-pull stations are located 
throughout the facility at or near all exits. Sprinkler flow and valve tamper supervision is also monitored 
by the system. 

The NAC employs a combination of bells and strobe lights. These are adequately spaced in accordance 
with NFPA 72® (Ref. 36) throughout the facility to ensure that all personnel can hear the alarm and initiate 
facility evacuation. 
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The municipal tie to the CMR is through a fire alarm transmitter. The CMR incorporates an RFAR that 
monitors all field fire alarm transmitters to ensure operability. 

10.3.4 Hazardous Material Storage Facility (Bldg. 474) 

There are two FACPs serving the Hazardous Material Storage Facility. These panels are zoned, 
conventional FACPs with style-B IDCs and style-Y NACs. A 120 VAC power supply and transformer is 
fully supervised and provides 24 VDC power for the detection and notification circuits. 

The IDC includes manual-pull stations that are located in Buildings 474C and 474E. Sprinkler flow is also 
monitored by the system. Heat detectors are installed in Building 474C. 

The NAC employs a combination of bells and strobe lights. These are adequately spaced in accordance 
with NFPA 72® (Ref. 36) throughout the facility to ensure that all personnel can hear the alarm and initiate 
facility evacuation. 

The municipal tie to the CMR is through output relays interfaced with the CMS network. When output 
signals are initiated, the relays change state at the FACP, causing the CMS LPU to initiate a signal to the 
CMR. 

10.3.5 Underground and Surface Facilities Supporting the Underground 

Automatic thermal fire detection is provided for the Air Intake Shaft Hoist House and Effluent Monitoring 
Stations A and B. Fire detection in the Underground is not required by fire codes or MSHA regulations. 
However, selected areas of the underground structure, such as the diesel equipment refueling station, the 
base of each shaft, and the maintenance shop, are provided with automatic thermal fire detection and 
manual fire alarm stations. 

  



Fire Hazard Analysis for the Waste Isolation Pilot Plant  WIPP-023, Rev. 5A 

105 

11.0 Manual Fire Response Capability 

11.1 Fire Department and Fire Brigade Response 

The WIPP Emergency Management organization develops and maintains emergency response plans and 
procedures that govern and facilitate all aspects of emergency response at WIPP, including fire protection 
and Mutual Aid Agreements for firefighting. WIPP procedures WP 12-ER4911 (Ref. 37) and 
WP 12-ER4908 (Ref. 71) provide the action plan for responding emergency personnel. The BNA also 
describes the functions of emergency personnel, including the ESTs, Emergency Response Team, First 
Line Initial Response Team (FLIRT), FB, and the Medical Response Team (MRT). A full-time FB staff 
consists of five personnel per shift. 

A BNA (Ref. 67) determined that the WIPP facility has engineering and administrative controls in place to 
provide protection for the safety of employees and structures. 

The WIPP FB staffing is controlled by WP 04-AD3029 (Ref. 13), as described in the BNA. In the event of 
an off-site response, NWP will maintain the requirements of the “two in and two out” rule for firefighting. 
The FB is supplemented by a volunteer organization of Emergency Response Team members, varying in 
number and work shift. The FB program is maintained in accordance with NFPA 600 (Ref. 43). FB 
personnel are trained to perform advanced interior structural fire firefighting in support of search and 
rescue operations. 

11.2 Pre-fire Plans 

Emergency Services and Emergency Management, with Fire Protection Engineering participation, prepare 
and maintain the WIPP site pre-fire plans. The pre-fire plans contain important firefighting information, 
such as the location of fire suppression equipment, hazardous materials (radiological and chemical) that 
may be present, exits, and utility disconnects, for each surface building at WIPP. Upon receipt of a fire 
alarm, the Facility Shift Manager determines the location, as the system permits, and notifies the 
responders of the location. The responders refer to the pre-fire plan to determine any special precautions. 
Pre-fire plans are reviewed and updated as necessary to accommodate any changes at the site. Copies of 
the pre-fire plans are maintained in the EOC, with Memorandum of Understanding (MOU) agencies, and 
in emergency response vehicles. 

Specific pre-fire plans do not exist for the Underground but defer to the underground fire response 
emergency operating procedure, WP 12-ER4911 (Ref. 72) to govern fire response activities in the 
Underground. 

Pre-fire plans have been developed for all aboveground facilities. These surveys provide detailed scale 
drawings and area maps to depict hydrant locations, exposed buildings, and general building layouts. They 
are routinely validated by maintenance crews performing fire protection inspections in the facility. The 
recently installed upgrade to the WHB RH Bay sprinkler system water supply (see Section 9.3.1) is 
reflected in the current WHB pre-fire plan. The change involved adding a new water supply (with new 
valve lineup) to that sprinkler system. No deficiencies regarding pre-fire plan content or accuracy were 
noted. 

11.3 Access to Facility by Firefighting Apparatus 

All areas of the site are fully accessible by firefighting apparatus. The site is laid out to provide multiple 
access routes for all emergency responding equipment. Those areas that are fenced off for control reasons 
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have gates that can be opened by protective force or FB personnel. The surface emergency response 
vehicles for FB response are kept in the SB Vehicle Bay. There is adequate roadway and open space 
around the supporting surface facilities for the shafts and the Underground to allow emergency vehicles to 
be properly placed for fire response.  

Two emergency vehicles are maintained in the Underground (one emergency response and one medical 
response) near the intersection of S700 and E140.The underground fire response vehicle is a diesel-
powered, special-purpose vehicle that carries a 125-pound dry chemical extinguisher and a 125-pound 
foam extinguisher (Figure 11.3-1). The underground medical response vehicle is an ambulance equipped 
with a first aid kit, two stretchers, and associated medical supplies. There are additional medical first aid 
boxes in the Underground, including Automatic External Defibrillators.  

 

Figure 11.3-1. Underground Fire Response Vehicle 
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12.0 Facility Damage Potential 

12.1 Potential Fire Loss 

The various fire scenarios likely for the shafts and the Underground are similar in cost and potential 
consequences. Perhaps the most significant impact would be a fire involving a piece of underground 
equipment of a specialized nature, such as the lube truck or similar vehicle, occurring during refueling at 
the underground fueling station. The financial impact of a lube truck fire or a fire involving total loss of 
specialized mining or mining support equipment would be between $275,000 (lube truck) and $1.5 million 
(continuous miner). The financial impact of a fire involving total loss of CH or RH underground waste 
handling equipment would be between $150,000 (6-ton forklift) and $350,000 (41-ton forklift). The HERE 
replacement cost would be over $1 million. A fire involving the HERE and the 41-ton forklift at the waste 
face would be very severe and would involve significant release of radiological material to the 
environment. The equipment involved in the fire would be replaced, but the exhaust drift and the Exhaust 
Shaft would not be cleaned. It is normally considered contaminated, with access restricted. Post-fire 
conditions would not alter this. Costs associated with cleanup of the environment would be expected to be 
extensive, and are estimated to be as high as $1 million. Therefore, with an extreme fire in the 
Underground that destroys the HERE, the 41-ton forklift, and results in a substantial release of radiological 
material, the maximum possible fire loss (MPFL) for the Underground is estimated to be $2.4 million. This 
value does not exceed the $3 million threshold value above which an automatic fire suppression system is 
required (Refs. 1 and 5). 

A fire involving the 13-ton electric forklift catching fire within the CH Bay of the WHB and burning to the 
point of activating the overhead sprinkler system would have a financial impact of nominally $200,000 for 
cleanup and replacement, and higher if a total loss occurred due to nonoperational sprinklers. There are 
several potential fire events that could result in significant financial loss. Among these are the tractor-
trailer or manlift fire in the RH Bay and the 6-ton diesel forklift fire in the CH Bay. Without suppression, 
these fires are postulated to result in structural failure and partial collapse of the WHB structure. In this 
case, the HEPA-filtered ventilation system would not function. This would be the MPFL associated with 
the WIPP facility. Replacement/repair of the building is estimated to exceed $32 million. Cleanup costs are 
expected to be about $2 million. Therefore, the MPFL for the WHB facility is approximately $38 million. 
This value far exceeds the $3 million monetary loss threshold at which automatic fire suppression systems 
are required. Automatic suppression systems are installed throughout the building. The MPFL value does 
not approach the $50 million threshold above which redundant fire protection is required. 

Other significant loss potentials exist for a major fire in the Warehouse Building and the Auxiliary 
Warehouse. The TMF replacement value exceeds $3 million. The Warehouse Building also has a 
replacement value (including contents) of approximately $3 million. Restoration of the Auxiliary 
Warehouse and its contents is estimated at approximately $6.5 million due to the presence of some high-
value, long lead-time replacement equipment. Also, the total loss of all three trailers at the trailer complex 
is possible, with exposure damage to adjoining structures. These are Building 950 (Work Control Trailer), 
Building 951 (Engineering/Maintenance Trailer), and Building 952 (Operations Trailer). This fire would 
result in $3.2 million of property damage plus contents, as well as disruption of site activities. Other than 
these, Building 451 (Support Building) has an MPFL of over $7 million and the SB (Building 452) would 
represent a loss of more than $2.8 million. With these potential loss values, automatic fire suppression 
systems are required in each building and they are installed and maintained. 

These loss values are from the 2008 evaluation and are the most recent. 
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12.2 Recovery Potential 

This evaluation has determined that credible fire events in the WHB and the Underground have the 
potential for significant consequences from several aspects. A design-basis fire postulated to occur in the 
WHB RH Bay could, if circumstances were optimal, result in structural failure of the building along with a 
limited release of radiological material. A design-basis fire in the CH Bay would be less likely to result in 
structural considerations because of the less combustible equipment, but more likely to have significant 
radiological release consequences, due to the higher calculated dose from impacted CH waste. HEPA-
filtered exhaust ventilation would likely capture all smoke and contaminated particulate matter. However, 
a major fire in either area, without sprinkler actuation, would have the potential to result in filter plugging 
followed by filter blowout due to overpressure. 

Recovery from a fire in the WHB, therefore, would depend on the magnitude of the fire and the 
effectiveness of mitigating features and controls available. For a worst-case fire, the consequences would 
be severe. Building collapse and release of radiological material to the environment could take 1–2 years 
for recovery. However, most fires would be effectively controlled by the building sprinkler systems. In this 
case, no radiological release is postulated and only the item in which the fire ignited would need to be 
replaced. In this case, the equipment would be quickly replaced and operations would be expected to 
resume promptly, within 1–2 weeks. 

A design-basis fire in the Underground also would have the potential for severe consequences. A large 
forklift fire adjacent to an active waste array could cause multiple drum lid ejections combined with 
extreme heat and smoke propagation throughout the downstream mine areas. Mine ventilation would 
bypass HEPA filtration in lieu of worker safety (to ensure that fresh air intake is maintained). Therefore, 
significant quantities of potentially contaminated smoke and particulate matter would be lofted into the 
environment. Only the equipment in the vicinity of the underground fire would be impacted; however, 
some of that equipment was specially constructed for WIPP and it could take 4–6 months for replacement. 
Outside the facility, efforts associated with cleanup of the environment would be substantial. It would not 
be unreasonable to expect shutdown for 6–12 months. 

An underground fire requires response to the actual event as the situation develops. A fire involving 
electrical service underground or a vehicle fire in a waste disposal room that is not extinguished with a 
handheld extinguisher and burns to fuel exhaustion or ventilation extinguishment could require a recovery 
interval of 1 month from the initial fire. 
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13.0 Programmatic Review 

13.1 Emergency Planning 

The WIPP Emergency Management organization develops and maintains emergency response plans and 
procedures that facilitate all aspects of emergency response at WIPP, including fire protection and Mutual 
Aid Agreements for firefighting. WIPP Emergency Planning is defined in WP 12-9 (Ref. 70). The program 
provides for comprehensive emergency management operations that will provide an acceptable level of 
emergency response capability. Specific procedures exist to address surface and underground fire events. 
The onsite FB and the WIPP fire response vehicles are located within the security boundary. Detailed 
pre-fire plans are in place to ensure that hazards are properly identified. As such, the emergency planning 
interface for responding to fire events is properly addressed. Also, see DOE/WIPP-08-3378 (Ref. 15). 

13.2 Defense-in-Depth 

DOE facilities, sites, and activities (including design and construction) shall be characterized by a level of 
fire protection that is sufficient to fulfill the requirements of the best-protected class of industrial risks 
(“highly protected risk” or “improved risk”) and shall be provided protection to achieve “defense-in-
depth.” This includes meeting the applicable building code and NFPA codes and standards, or exceeding 
them (when necessary to meet safety objectives), unless an exemption has been granted. The applicable 
codes and standards are those in effect when facility design commences (code of record). When significant 
modifications to a facility occur, the current edition of the code or standard applies to the modification. 

The WIPP Fire Protection Program and fire protection systems provide defense-in-depth measures to 
ensure the protection of life and property from fire. The primary source document that provides 
comprehensive guidance to site personnel is WP 12-FP.01 (Ref. 73). Line management is clearly defined 
to have the responsibility for fire safe operations, and the program is validated for effectiveness through 
various inspections and audits. The WIPP Fire Protection Program implements combustible control, hot 
work control (which requires constant attendance), and control of flammable gas and flammable 
compressed-gas cylinders’ use and storage. Specific elements include the use of fall restraints, valve caps, 
or guards, and no storage within 100 feet of waste. These and other administrative procedures are designed 
to minimize the likelihood of occurrence and the magnitude of a fire. The design features of the shafts and 
underground structures are inherently resistant to the spread of fire. As implemented, the WIPP Fire 
Protection Program is sufficient to minimize the potential for the occurrence of a fire or related event and 
to minimize the potential of a fire that could cause an unacceptable hazardous or radiological onsite or off-
site release that could threaten the health and safety of employees, the public, or the environment.  

For the mine and waste storage areas, underground waste handling equipment poses the greatest potential 
threat of a fire. Such equipment is provided with automatic FSSs. Mining and construction equipment is 
protected with a manually activated dry chemical system and onboard handheld extinguishers. Operational 
practices are in effect that serve to maintain spatial separation between active mining and construction 
areas and the active waste disposal room. Bulkheads and airlocks are also used to separate these areas and 
these features help prevent fire spreading from one portion of the mine to another. The active and passive 
fire protection features, as well as procedural controls, ensure no unnecessary exposure to waste being 
transported and disposed of in the underground and serve to minimize the potential of unacceptable 
interruptions to the WIPP operations as a result of fire or a related hazard. Defense-in-depth features 
include the use of metal waste containers; the control of waste contents; the waste handling procedures, 
machinery, and equipment; and the natural salt formation, which is highly resistant to fire impact. 

Control of flammable and combustible materials is defined in the program, which establishes restrictions 
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on both types of materials. Hot work is also defined and limited/controlled by permit. A fire watch 
program is in place and meets the criteria of 29 CFR 1910.252 (Ref. 1). A combustible loading control 
program is also used and is accomplished through facility inspections, management control procedures, 
assessments, and Fire Protection Engineering reviews. 

Potential ignition sources include standard sources such as hot work, arson, sparks from electrical failures 
or equipment failures, and lighting. Additional ignition sources during operations could include vehicles, 
tools, or other equipment. Significant ignition sources are controlled through implementation of hot work 
controls at WIPP. All hot work will be performed in accordance with the WIPP procedure WP 12-FP3002 
(Ref. 75). Smoking is only permitted in specific exterior locations around WIPP facilities and areas of the 
Underground. 

Quality Assurance provides programmatic oversight by conducting independent assessments and 
surveillances. Deficiencies noted during the assessments are either tracked to closure and/or placed in the 
WIPP Commitment Tracking System for trending purposes. The Quality Assurance Program guides and 
controls all work, including that related to fire safety. Although each individual is responsible for fire 
safety, documented programmatic controls incorporated into implementing documents and work 
procedures help ensure that fire safety is maintained. 

13.3 Security Interface 

The security interface as related to fire protection includes all aspects of the site’s security system and 
equipment that could have an impact on fire protection or prevention and safe emergency egress of 
personnel from site facilities. The PPA is bounded by a chain-link and barbed-wire fence with multiple 
gates. The primary entrance gate is manned 24 hours a day, 7 days a week, and provides both personnel 
and vehicular access to the site. The other remaining gates are normally kept closed and locked. Access to 
the PPA by off-site emergency responders is through the main entrance gate. If circumstances prevail that 
would not allow entrance through this gate, off-site responders will be directed upwind to an alternative 
entrance.  

There are no security access control systems associated with the WIPP structures. However, normally 
unoccupied facilities are kept locked. Master keys are kept in the CMR.  

13.4 Earthquake 

An earthquake has the potential to create ignition sources, causing electrical faults, sparks, etc. In the event 
of an earthquake, the complex’s fire main could be ruptured. Isolation valves are installed in the piping to 
allow redirecting flow through the yard mains. The WIPP DBE has a peak acceleration of 0.1 g with a 
1,000-year return period. This magnitude of earthquake exceeds that recorded to date for the WIPP area.  

Structural damage to facilities and other components of the infrastructure may generate fire conditions that 
could, if left unmitigated, severely damage minor structures. The WHB, including the Waste Hoist Tower, 
is designed and constructed to withstand the DBE such that the building would not collapse and breach 
waste containers. The main lateral-force-resisting structural members of the Support Building and TMF are 
designed to withstand the DBE and DBT to prevent either building from collapsing on the WHB. The 
remaining WIPP structures are designed for a UBC Zone 1 earthquake. 

Mining history has shown that earthquake damage to underground facilities has not occurred at sites that 
have experienced earthquakes at the surface with peak accelerations below 0.2 g. Since the DBE is 
approximately 50 percent of the level that can be expected to cause identifiable damage to underground 
facilities, a seismic event is not likely to cause a significant fire concern for the underground facilities. 
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Seismic activity for the WIPP area has not been significant to date and would not be expected to 
significantly increase the fire risk to the facility. 

13.5 Flood 

The WIPP facility nominal grade is more than 400 feet above the probable maximum flood level of the 
Pecos River, which is separated from the WIPP facility by about 12 miles of gradually rising land. There 
are no perennial or intermittent streams near the WIPP facility that have the potential to cause sustained 
flooding of the site. Flooding would not be expected to significantly increase the fire risk to the WIPP 
facilities. 

13.6 Lightning 

NFPA 780 (Ref. 44) provides guidance on protection of facilities from lightning strikes. In accordance 
with Figure L.2 of NFPA 780, the WIPP site is located in an area of the country likely to experience three 
lightning strikes per square kilometer per year. To provide lightning protection for the WIPP site, a 
proprietary Dissipation Array® System (DAS®) provided by Lightning Eliminators & Consultants, Inc., of 
Boulder, Colorado, is installed extensively throughout the site.  

This system theoretically prevents/reduces the number of lightning strikes to the facility by dissipating the 
charge induced by a storm cell on the protected area and transferring that charge to the surrounding air by 
“point discharge.” The system is made up of three basic elements: the dissipaters (or ionizers), the ground 
current collectors, and the wiring systems that interconnect them. The system is installed on the lighting 
around the PPA fencing, on top of hoist head-frames, and on top of the Waste Hoist Tower and RH portion 
of the WHB. A typical dissipation array installed at WIPP is shown in Figure 13.6-1, which is a 
photograph of the DAS® atop the head-frame of the Salt Handling Shaft. Figure 13.6-2 and Figure 13.6-3 
show the DAS® atop lighting poles and the Waste Hoist Tower of the WHB. 

 

Figure 13.6-1. DAS® for Salt Handling Shaft 
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Figure 13.6-2. DAS® Near Exhaust Shaft Filter Building 

 

Figure 13.6-3. DAS® on Top of Waste Hoist Tower 

The DAS® is not reflected in NFPA 780 as a recognized lightning protection system. However, the 
proprietary DAS® does lay claim to a 99.7 percent success ratio. The hemispherical arrays consist of 
umbrella-shaped steel assemblies where the umbrella arms are wound with stainless steel wires that carry 
large numbers of short perpendicular dissipation wires, through which “charged ions leak up to neutralize 
any charged clouds overhead.” In addition to the hemispherical arrays, the Waste Hoist Tower has a 
conical array consisting of a central pole mounted at the top and center of the tower and dissipation wires 
connected together at the top that are brought down to evenly spaced anchors around the rim of the tower 
(see Figure 13.6-3). Regardless of whether a conical array or an umbrella array is used, the system is well 
grounded by connecting to the plant ground, so even if the array fails to divert a lightning strike it is likely 
that the charge from the strike can be successfully passed to ground without significant structural damage 
to the protected structure. A lightning protection evaluation for the EFB in accordance with Appendix L of 
NFPA 780 indicates that lightning protection for that structure can be considered optional while an 
evaluation of the WHB indicates that lightning protection is recommended (see Appendix B). 

The underground structures and the shafts are not susceptible to surface lightning strikes except for 
through the electrical system. Distribution-type lightning arrestors are used to protect the utility substation, 
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the main plant substation, the underground switching stations, the portable underground power centers, and 
the meteorological data site. 

On the basis of the connection of the DAS® in all areas to the plant ground, the provision of lightning 
arrestors in the power system, and the fact that the shafts and underground structures are not susceptible to 
lightning strikes, the potential for a lightning strike to the WIPP site does not significantly increase fire 
risk. Note that this analysis does not credit the DAS® for prevention or mitigation of postulated fire events. 
However, as it is currently installed, it is judged to not increase the hazard over a building with no 
protection. Also note that even though the WHB lightning protection evaluation documented in 
Appendix B resulted in a recommendation to install an NFPA 780-compliant lightning protection system, 
none is being considered for installation. A lightning protection system is not required because the cited 
code contains only recommended practices. At worst, a lightning strike would be considered another 
initiator of fires inside the WIPP surface facilities. All of these fires are already evaluated in Section 5.1 of 
this analysis. Features and controls are selected to minimize the risk associated with fire in WIPP surface 
structures. 

The lightning protection systems are maintained in accordance with NFPA 780. 

13.7 Windstorm 

The WIPP facility is located in an area known to have experienced blowing dust or sand as a result of a 
combination of strong winds, sparse vegetation, and the semiarid climate of the region. High winds 
associated with thunderstorms are frequently a source of localized blowing dust. Dust storms covering an 
extensive area occur occasionally and may reduce visibility to less than 1 mile. 

The WHB is designed for 110-mile-per-hour (mph) straight-line winds and 183 mph tornado winds with 
41 mph translational winds. The WHB, including the Waste Hoist Tower, is designed to withstand these 
winds. The design wind velocity for WIPP BOP facilities is 91 mph at 30 feet aboveground and is selected 
based on a 50-year mean recurrence interval adopted from the results of a WIPP site-specific wind and 
tornado study. The design wind velocity for the EFB is 99 mph, and the design wind velocity for the TMF 
is 110 mph with a 100-year recurrence interval.  

Based on the design of the WIPP surface structures, a windstorm is not likely to increase the fire risk in the 
shafts and underground structures or any of the directly interfacing surface structures. 

13.8 Wildland Fires 

WIPP and NWP maintain appropriate MOUs with neighboring fire departments, as described in 
Section 11.1 and 11.2. The U.S. Department of the Interior Bureau of Land Management and the State of 
New Mexico Land Management Office also provide direct assistance with wildland fire management and 
response capabilities.  

The area surrounding WIPP is semiarid, the terrain is flat, and the ground is covered with low-lying desert 
vegetation (sand sage, shinnery oak, and various grasses). The average annual rainfall for the area is 
approximately 12 inches. The evaluation of potential wildfire hazard conducted in accordance with NFPA 
1144 (Ref. 45) (Appendix A) indicates the threat to the WIPP site from wildfire is low. The WIPP FB is 
equipped with a “brush truck” for fighting wildfires, and emergency response personnel receive annual 
wildland fire training. Several Mutual Aid Agreements with local firefighting organizations are in place to 
ensure that adequate resources are available should any wildfire occur. The PPA of the WIPP is paved 
and/or gravel surfaced and surrounded by a gravel road, which prevents a wildland fire from propagating 
from the surrounding terrain to the surface structures within the PPA. On the basis of low risk, protected 



Fire Hazard Analysis for the Waste Isolation Pilot Plant  WIPP-023, Rev. 5A 

114 

separation, and adequate preparation for fighting any wildland fire that occurs, the WIPP site is not under 
any increased fire risk due to wildland fires. In addition, the final hazard severity rating calculated in 
Appendix A is 15. Any rating below 40 is considered to achieve a “Low” wildland fire risk. Therefore, any 
one of the attributes evaluated in the risk assessment could be substantially modified without materially 
affecting the results. The only element important to the conclusions of this analysis is clearance of the 
vegetation within 30 feet of the structures evaluated here. This is adequately controlled by normal 
environmental control measures. 

13.9 Inspection, Testing, and Maintenance 

All fire protection systems are safety systems, and proper IT&M is required to ensure safe operation. 
NFPA codes and manufacturers’ manuals provide IT&M criteria, frequency requirements, and training 
requirements for technicians. Additionally, in response to Defense Nuclear Facilities Safety Board 
Recommendation 2008-1, in November 2009 the DOE issued Interim Guidance on Design and 
Operational Criteria for Safety Class and Safety Significant Wet Pipe Sprinkler Systems and Interim 
Guidance on Design and Operational Criteria for Water Supply Systems Supporting Safety Class and 
Safety Significant Fire Suppression Systems for SC and SS water-based fire suppression systems. These 
guidance documents also require appropriately that qualified personnel conduct the IT&M of SS water-
based fire protection systems at the frequencies required in NFPA 25. 

In the past, fire protection IT&M was based on “mean time between failures” and the frequency times 
between IT&M were conservative. Because failures of fire protection systems due to maintenance-induced 
failure were identified as a causation factor, the IT&M frequency periods were extended in the NFPA 
codes. WIPP has not extended these frequencies, and IT&M duplication occurs between different IT&M 
procedures at different frequencies. This may result in excessive IT&M wear on the fire safety systems.  

Issue 2010-02: Modify existing fire protection systems’ IT&M frequencies to the frequencies prescribed 
in NFPA codes, and coordinate IT&M to minimize redundant IT&M. This item can be closed pending the 
DSA Rev., which changes the credited frequencies of IT&M. 

NFPA codes include specific training requirements for IT&M technicians; in August 2009 a lack of 
training per code requirements was discovered. In response to this deficiency, WIPP WF09-180 and 
WF10-139, were written in August 10, 2009 and May 25, 2010, respectively. The training was completed 
and this issue is closed. 

All fire system impairments require continuous or roving fire watches. There are also situations when fire 
protection systems are impaired but may not need a fire watch. Examples include violations of regulatory 
requirements that are low risk to personnel, property, or the environment; or when personnel are occupying 
a building in need of a fire watch. 
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14.0 Summary of Identified Issues, Findings, and Observations 

14.1 Unresolved Issues 

No new findings have been identified as a result of this evaluation. However, a few existing issues remain 
unresolved. They are summarized in Table 14.1-1. 

Table 14.1-1. Unresolved Issues 

Issue No. Section Description Status 

Issue 
2008-04 

9.1 Fire main sectional valves are old and do 
not close fully. WP 04-AD.03, Project 
Execution Plan for Post Indicator Valve 
Replacement, describes the replacement 
plan. 

Project Execution Plan established 
the replacement schedule of all main 
sectional valves through 2015. Only 
one main fire loop valve (PIV 7) has 
not been completed. Planned for 
replacement in 2013. 

Issue 
2010-01  

5.1.6 Obstruction evaluation must be completed 
(WF 08-191). 

Obstruction evaluation has been 
completed for four (WHB, Support, 
Warehouse, and SB) onsite 
buildings. Remaining buildings with 
wet-pipe sprinkler systems are being 
scheduled for testing. 

Issue 
2010-02  

13.9 Modify existing fire protection systems 
IT&M frequencies to increase reliability. 

Procedures have been revised. 
Waiting on approval and 
implementation of DSA and 
Technical Safety Requirements 
(TSRs) 

Issue 
2013-01 

2.4.1 

Inspection, testing and maintenance in 
accordance with NFPA 80 is not being 
performed for fire dampers in the fire barrier 
between the CH Bay and its adjacent rooms 

WIPP Form 13-013 has been issued.  
Corrective actions will be 
developed. 

14.2 Existing Exemptions and Equivalencies 

No exemptions exist. DOE CBFO had approved one equivalency. It is described/evaluated as follows: 

Upgrades and changes to the CMS have caused the system to be out of compliance with the code (see 
Section 10.1). The conditions under which this equivalency was approved are still extant. Therefore, this 
equivalency is valid and in effect. 

14.3 Status of Findings/Observations from Previous FHAs 

Detailed resolution of each item is identified in the WIPP resolution tracking system, FORMS. The cited 
reference number in Table 14.3-1 are FORMS numbers in the Finding/Observation No. columns. 
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Table 14.3-1. Closed Findings and Observations from All Previous FHAs 

Finding / 

Observation No. 
Description Resolution 

Finding 2006-01 Sprinklers are not installed under the 
CH Bay TRUDOCKs and RH Bay cask 
preparation station as specified by 
Section 8.5.5.3.1 of NFPA 13. 

Fire sprinklers were installed under 
the TRUDOCKs and RH Bay cask 
preparation station. Finding is closed. 

Finding 2006-02 The fire alarm interface between the 
FACP and the CMS is not in compliance 
with NFPA 72®. 

WIPP 06-104 was developed and this 
issue was closed. Finding is closed. 

Finding 2006-03 The RFAR system is early computer 
technology and not in compliance with 
NFPA 72®. 

WIPP 06-105 was developed and this 
issue was closed. The system is FM 
listed. 

Finding 2006-04 WIPP does not have access to a fully 
staffed, trained, and equipped fire 
department that is capable of responding 
in a timely and effective manner to site 
emergencies. 

Fire protection staffing levels were 
revised December 8, 2008 (Ref. 21). 
Finding is closed. 

Observation 2006-01 Four fire dampers associated with the 
CH Bay are not being maintained per 
NFPA. 

WIPP 06-107 was developed and this 
issue was closed because an analysis 
determined that the inadvertent 
closure of a damper will have no 
negative effect on the ventilation 
system. 

Observation 2006-02 Exits are not clearly marked per NFPA 
101®. 

WIPP 06-108 was developed and this 
issue was closed. All installed signs 
meet signage requirements. 

Observation 2006-03 The supply margin for certain sprinkler 
systems does not allow for water supply 
degradation or modification to the system.

WIPP 06-109 was developed and this 
issue was closed. The water supplies 
are adequate, and continued IT&M is 
being performed. 

Observation 2006-04 The hose connections attached to the 
sprinkler systems are not suitable for 
firefighting operations. 

WIPP 06-110 was developed and this 
issue was closed. The occupant-
operated fire hoses were removed, and 
hose connections were placarded “For 
Fire Brigade Use Only.” This 
observation is closed. 

Observation 2006-05 The underground dry chemical FSS and 
associated detection activation system is 
nearing 20 years of operation in the 
environment of the mine. The design life 
for WIPP fire protection systems was 
specified as 25 years 

This item is carried forward to Issue 
2008-03.  
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Finding / 

Observation No. 
Description Resolution 

Observation 2006-06 The fire alarm and detection systems may 
not be being tested in full accordance with 
NFPA 72®. 

WIPP 06-112 was developed and this 
issue was closed. No deficiency was 
described or discovered. 

Observation 2006-07 An observation is made with respect to the 
fire alarm and detection systems to ensure 
that the parts are procured properly, 
changes/modifications are done to code, 
and installation work is verified for 
compliance with the appropriate level of 
oversight. 

WIPP 06-113 was developed and this 
observation was closed. No deficiency 
was described or discovered, and the 
WIPP Quality Assurance has a 
suspect/counterfeit program in place 
in addition to the specification 
compliance inspections. 

Observation 2006-08 Pre-fire plans use nonstandard symbols 
and are difficult to read. 

The pre-fire plans are consistent with 
WIPP procedures, and a symbol 
legend is provided as permitted by 
codes and standards. Pre-fire plans 
updated October 23, 2008 (Ref. 21). 
Issue is closed. 

Issue 2008-01 The WIPP site does not have access to a 
fully staffed and equipped fire brigade and 
there are no means to prevent 
reassignment of on-shift security 
personnel to fire brigade. 

Fire brigade shift staffing log was 
revised October 24, 2008 (Ref. 21). 
Fire protection staffing levels were 
revised December 8, 2008 (Ref. 21). 
A statement of work was submitted 
for the subcontractor to require a 
minimum of two trained and qualified 
fire brigade responders on each shift 
(Ref. 21). Observation is closed. 

Issue 2008-02 Update WIPP pre-fire plans to show hose 
stations and CH Bay sprinkler system 
water supply properly. 

Pre-fire plans updated October 23, 
2008 (Ref. 21). Issue is closed. 

Issue 2008-03 The underground refueling station fire 
suppression system is nearing the end of 
its operational design life.  

A new dry chemical system was 
installed and the replacement system 
is now operational. The new system is 
an ANSUL industrial dry chemical 
system of dual 500-pound tanks with 
high-pressure nitrogen as the 
expulsion gas. 
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Finding / 

Observation No. 
Description Resolution 

Issue 2008-04  The 5-year system flush for sprinkler 
obstructions is not being conducted. 
Sprinklers are required in the following 
areas and are not provided: 

 Under the CH Bay TRUDOCKs 
(formerly Finding 2006-01); 

 Under the RH Bay cask preparation 
station (formerly Finding 2006-01); 
and 

 Under the CH Bay south overhead 
door work platforms (all three doors). 

A WHB system flush was completed 
January 12, 2009, under Work Orders 
0811349C, 0811350C, and 0811351C,
with acceptable results. (Ref. 21). 
Sprinklers were installed in these 
areas, and the issue is closed. 

Issue 2008-06  Repair Auxiliary Warehouse roof and 
sagging insulation. 

Repair of the Auxiliary Warehouse 
roof and sagging insulation was 
completed. The issue is closed. 

Issue 2008-06  Add emergency exit lights to Warehouse 
Building. 

Exit lights added. This issue is closed.

Issue 2010-03  Technicians performing IT&M shall be 
trained and qualified, WF09-180, 
August 10, 2009, and WF10-138, May 25, 
2010. 

IT&M technicians were trained. 

Issue 2010-04 Life safety and fire safety deficiencies 
require tags and may need compensatory 
measures. The Cognizant Engineer and 
FPE must be notified when deficiencies 
are discovered. 

WP12-FP3001, Rev. 6 was revised to 
include the requirement. 

Issue 2012-01 WP 12-FP3001, Fire Protection 
Impairment needs to be revised to allow a 
graded approach for impairments 
consistent with the requirements of 
WP 12-FP.01, WIPP Fire Protection 
Program (WF 12-104). 

Documents have been revised and 
implemented. WIPP Form was closed 
December 13, 2012 

15.0 Summary/Conclusion 

This FHA determines that the WIPP facility provides a robust and safe environment for TRU waste 
disposal with respect to analyzed fire cases. With a few minor exceptions noted in Table 14.1-1, the 
facility design, construction, and operation are in compliance with established codes and standards. This 
analysis has identified no new issues since the last WIPP FHA revision was published. The four issues 
identified in Table 14.1-1 remain open. Closed issues are described in Table 14.3-1. These closed issues 
and observations indicate that WIPP is continuing to strengthen its fire protection program. In addition, a 
new issue was identified. 

The fire loss potential for postulated fire at the WIPP facility has been evaluated in this FHA. For a worst-
case, design-basis fire event in the WHB, the monetary loss is determined to not exceed $38 million. A 
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worst-case fire in the underground is estimated not to exceed $2.4 million.  

This FHA also evaluated the potential for fire-induced radiological or chemical releases that could exceed 
established consequence criteria. The suite of engineered features and administrative controls established 
for waste handling and disposal operations is aimed at preventing and mitigating a fire, so that if a fire 
were to occur, it would not result in significant or unacceptable consequences. The underground liquid-
fueled vehicles are designed to prevent and/or mitigate fires. The design includes robust fuel tanks, 
automatic fire suppression systems, and testing requirements that are designed to reduce the likelihood of 
fire and fire severity. With these features and controls in place, the risk of moderate or high consequences 
from a fire associated with underground waste handling and disposal operations is acceptable. 
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17.0 APPENDIXES 

APPENDIX A WIPP Wildland Fire Risk and Hazard Severity Assessment 

APPENDIX B Lightning Protection Risk Assessment for WIPP Exhaust Filter House and Waste 
Handling Building  

APPENDIX C Evaluation of Forklift Fire Exposure to WIPP WHB Roof Structure 
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APPENDIX A WIPP Wildland Fire Risk and Hazard Severity Assessment 

Element Points Technical Justification 

A – Means of Egress 

A.1 – Ingress and egress 0 Two or more roads in/out – 0 points 
One road in/out – 7 points  
Two roads (direction of travel) are available for 
accessing the site 

A. 2 – Road width 0 W  24 feet – 0 points 

20 feet  W  24 feet – 2 points 

W  20 feet – 4 points  
Roads are 24 feet or wider 

A.3 – All-season road 
condition 

0 Surfaced road, grade  5% – 0 points 
Surfaced road, grade > 5% – 2 points 
Non-surfaced road, grade < 5% – 2 points 
Non-surfaced road, grade > 5% – 5 points 
Other than all-season – 7 points  
Roads are paved and on level terrain 

A.4 – Fire service access 0 A  300 feet with turnaround – 0 points 
A > 300 feet with turnaround – 2 points 
A < 300 feet with no turnaround – 4 points 

A  300 feet with no turnaround – 5 points  
More than adequate turnaround space is available 

A.5 – Street signs 0 Present (4 in. reflectorized) – 0 points 
Not present – 5 points  
Road signs are present 

B – Vegetation (Fuel Models) 

B.1 – Characteristics of 
predominant vegetation 
within 300 feet 

5 Light (e.g., grasses, forbs, sawgrasses, and tundra) – 5 
points 
Medium (e.g., light brush and small trees) – 10 points 
Heavy (e.g., dense brush, timber, and hardwoods) – 20 
points 
Slash (e.g., timber harvesting residue) – 25 points 
Very light vegetation; primarily desert grasses 
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Element Points Technical Justification 

B.2 – Defensible space 0 More than 100 feet vegetation treatment from structures – 0 
points 
71 to 100 feet vegetation treatment from structures – 3 
points 
30 to 70 feet vegetation treatment from structures – 10 
points 
Less than 30 feet vegetation treatment from structures – 25 
points 
More than 100 feet to an underground shaft or support 
structure from security fence; additional vegetation 
treatment outside the security fence 

C – Topography 

Topography within 300 
feet of structure(s) 

0 Slope < 9% – 0 points 
Slope 10% to 20 % – 4 points 
Slope 21% to 30% – 7 points 
Slope 31% to 40% – 8 points 
Slope > 41% – 10 points  
Flat, level terrain 

D – Additional Rating Factors (rate all that apply) 

D.1 – Topographical 
factors adversely affect 
wildland fire behavior 

0 Describe features and impact and assign points between 0 
and 5 
Area surrounding WIPP is flat and level for significant 
distance 

D.2 – Historical higher 
fire occurrence 

0 Discuss basis (e.g., heavy lightning, railroads, arson) and 
assign points between 0 and 5 
No history of significant brush fires that would 
threaten site 

D.3 – Areas that are 
periodically exposed to 
unusually severe fire 
weather 

5 Discuss basis (e.g., strong dry winds) and assign points 
value between 0 and 5  
Semi-arid climate with approximately 12 inches of rain 
and potential for wind drying 

D.4 – Separation of 
adjacent structures, 
contribute to fire spread 

0 Describe and assign points between 0 and 5  
Adequate structural separation for underground 
supporting structures from adjacent site buildings; 
areas between structures are either paved or gravel 
surfaced 

E – Roofing Assembly 

Rating for roofing 
assembly 

0 Class A – 0 points 
Class B – 3 points 
Class C – 15 points 
Non-rated – 25 points 
Hoist head-frames do not have roofs; other structures 
have unrated metal roofs that would meet Class A 
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Element Points Technical Justification 
flame spread characteristics 

F – Building Construction 

F.1 – Materials 
(predominant) 

0 Noncombustible/fire resistive siding, eaves, and deck – 0 
points 
Noncombustible/fire resistive siding and combustible deck 
– 5 points 
Combustible siding and deck – 10 points  
Metal and metal-sided structures 

F.2 – Building setback 
relative to slopes of 30% 
or more 

1  30 feet to slope – 1 point 
< 30 feet to slope – 5 points  
Terrain is flat with no significant slopes of any type 

G – Available Fire Protection 

G.1 – Water source 
availability 

0 Pressurized water, 500 gpm hydrants  1,000 feet apart – 
0 points 

Pressurized water, 250 gpm hydrants  1,000 feet apart – 
1 point 

Nonpressurized water, off-site source  250 gpm for 2 
hours – 3 points 

Nonpressurized water, off-site source  250 gpm for 2 
hours – 5 points 
Water unavailable – 10 points  
Hydrants about 300 feet apart on plant site capable of 
500 gpm flow, with 2 hours’ water capacity available at 
1,500 gpm flow 

G.2 – Organized response 1 Station  5 miles from structure – 1 point 
Station > 5 miles from structure – 3 points  
Fire station onsite 

G.3 – Fixed fire protection 0 Sprinkler system for structure – 0 points 
No sprinkler system – 5 points  
Wet-pipe sprinkler systems for WIPP permanent 
buildings, large trailers, WHB, Waste Hoist Tower, 
and hoist houses 

H – Placement of Gas and Electric Utilities 

Location/placement of 
utilities 

3 Both underground – 0 points 
One underground, one aboveground – 3 points 
Both aboveground – 5 points  
Underground water, aboveground electrical 

I – Totals for Structure(s) 

Total points  15 Tabulated total 
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Element Points Technical Justification 

Hazard assessment result Low, Moderate, 
High, or 
Extreme 
Hazard 

Low Hazard < 40 points 
Moderate Hazard = 40–60 points 
High Hazard = 70–112 points 
Extreme Hazard > 112 points 

NFPA = National Fire Protection Association; WIPP = Waste Isolation Pilot Plant; gpm = gallons per 
minute 

Conclusion: The WIPP shafts and underground structures and their directly supporting surface structures 
are under a very low threat for damage from a credible wildfire. 
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APPENDIX B Lightning Protection Risk Assessment for WIPP Exhaust 
Filter House and Waste Handling Building 

A lightning protection risk assessment, in accordance with Appendix L of National Fire Protection 
Association (NFPA) 780, 2004 Edition, Standard for the Installation of Lightning Protection System, is 
developed with the following input parameters: 

Table B.1. Lightning Protection Risk Assessment for WIPP Exhaust Filter House 

Index Value Technical basis 

Ng, yearly average lightning flash density, 
(year) flashes/km2 

3 Flash Density Value for WIPP site per 
Fig. L.2 

Ae, equivalent collective area of structure, 
(km2) 

0.00378 Ae≈ LW + 6H(L+W) + π9H2 = 70*110 + 
6*20*(70+110) + 
9*π*20*20*9.290304xE-08=0.00378 

C1, environmental coefficient 1 From Table L.4.3, no structures within 
3H 

Nd, yearly lightning strike frequency 
(flashes/year) 

1.1E-08 Nd = NgAeC1(10-6) = 3*0.00378*1*1E-06 
= 1.1E-08 

C2, structural coefficient 0.5 From Table L.5(a), metal building with 
metal roof 

C3, structural contents coefficient 2 From Table L.5(b), high value contents, 
moderate flammability 

C4, structural occupancy coefficient 0.5 From Table L.5(c), taken as normally 
unoccupied except for maintenance 

C5, lightning consequence coefficient 10 From Table L.5(d), continuity of facility 
services required, possible environmental 
consequence if HEPA filters loaded 

C 10 C = C2C3C4C5 = 0.5*2*0.5*10 = 5 

Nc, tolerable lightning frequency 0.0003 Nc = 1.5(10-3)/C = 1.5(10-3)/5 = 0.0003  

Determination of whether lightning 
protection system is required 

Nd < Nc If Nd ≤ Nc, a lightning protection system 
may be optional 
If Nd > Nc A Lightning Protection system 
should be installed per NFPA 780 

WIPP = Waste Isolation Pilot Plant; HEPA = high-efficiency particulate air  

Conclusion: Since Nd is much less than Nc, a lightning collection system is considered optional for the 
Exhaust Filter House. 

A lightning protection risk assessment, in accordance with Appendix L of National Fire Protection 
Association (NFPA) 780, 2004 Edition, Standard for the Installation of Lightning Protection System, is 
developed with the following input parameters: 
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Table B.2. Lightning Protection Risk Assessment for the Waste Handling Building 

Index Value Technical basis 

Ng, yearly average lightning flash density 
(flashes/km2/year) 

3 Flash Density Value  

Ae, equivalent collective area of structure 
(km2) 

5.6E+5 Ae≈ LW + 6H(L+W) + π9H2 =  
Ae≈ 62x42+6x130(62+42) + π9(1302) = 
Ae≈ 248+81120+477594 
Ae≈ 558962m2 or 5.6E+5 

C1, environmental coefficient 0.5 From Table L.4.3 

Nd, yearly lightning strike frequency 
(flashes/year) 

8.4E-1 Nd = NgAeC1(10-6)  

C2, structural coefficient 2 From Table L.5(a) 

C3, structural contents coefficient 2 From Table L.5(b) 

C4, structural occupancy coefficient 1 From Table L.5(c) 

C5, lightning consequence coefficient 5 From Table L.5(d) 

C 20 C = C2C3C4C5  
C= 2x2x1x5 
C= 20 

Nc, tolerable lightning frequency 7.5E-5 Nc = 1.5(10-3)/C  
Nc = 1.5(10-3)/20 
Nc = 7.5E-5 

Determination of whether lightning 
protection system is required 

Nd > Nc 

8.4E-1 > 7.5E-5 
If Nd ≤ Nc, a lightning protection system 
may be optional 
If Nd > Nc, a lightning protection system 
should be installed per NFPA 7801 

Conclusion: NFPA 780 recommends that lightning protection should be installed. Reference Section 13.6 
for a detailed description and evaluation of the site’s lightning protection system.  

Reference: 

1. NFPA 780, Standard for the Installation of Lightning Protection Systems, National Fire Protection 
Association, Quincy, MA.  
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APPENDIX C Evaluation of Forklift Fire Exposure to WIPP WHB Roof 
Structure 

The 13-ton electric forklift calculated in WIPP-036 Rev. 1, and modified for increased hydraulic fluid 
volume (40 gallons) (Ref. 1), generates a fire of about 23.7 feet in diameter with a flame height of 
approximately 22.8 feet. This flame would impinge upon the lowest steel roof trusses in the CH Bay, 
which are at an elevation of approximately 20.6 feet. However, this fire is modeled with the express 
purpose of maximizing fire diameter. Modeling fires with larger diameters maximizes the number of waste 
containers considered to be damaged in the fire. The modeled fire here is one that has a catastrophic breach 
of the largest combustible liquids tank (40 gallons), which spills to a uniform depth of approximately 3 
millimeters, then ignites. This fire is designed to burn out of fuel about 70 seconds after ignition. 

The Nuclear Regulatory Guide (NUREG) 1805 (Ref. 2) contains a spreadsheet (number 17.4) for failure of 
an unprotected steel beam. This analysis tool, qualified by the NRC for use in commercial nuclear plant 
safety analysis, provides a simplified “quasi-steady state” method of determining the temperature of a steel 
beam (horizontal) exposed to temperatures following the ASTM-E119 time temperature curve. The ASTM 
Standard (Ref. 4) is the criteria for fire resistance testing of fire rated assemblies and is therefore very 
conservative. The spreadsheet was employed using the smallest structural roof truss located on the WHB 
structural drawings (Refs. 5 and 7); a 12- by 35-inch beam. The NUREG 1805 spreadsheet shows the 
beam would not reach failure temperature (assumed to be 1,000 °F) when exposed to the ASTM-E119 
temperatures until after about 7 minutes. Since the liquid portion of this fire would self-extinguish in 70 
seconds, it is judged that the fire would not challenge the WHB structure. 

On the other hand, the solids portion of this fire would not self-extinguish that quickly. Alternatively, the 
metered spill fire scenario discussed in WIPP-036 would also burn longer (estimated at 10 minutes). 
WIPP-036 calculates the fire diameter for the metered spill fire scenario at 12.4 feet. However, WIPP-036 
does not calculate the flame height. The flame height was manually calculated at approximately 13.5 feet, 
well below the bottom of the steel roof truss. The 10-minute duration is based on a postulated hydraulic 
fluid leak rate designed to produce a pool fire in which the liquids portion is consumed in 10 minutes. 
Therefore, it is also judged that this fire would not challenge the WHB structure. 

However, once again, the solids (nearly all tires) could burn for a longer duration. WIPP-036 calculates the 
diameter of a single tire fire at approximately 9.4 feet. The original WIPP vehicle fire calculation (WIPP-
003, Ref. 3) did not calculate the size of the 13-ton electric forklift fire. However, it did provide detailed 
combustible loading information that includes some de-rating. Therefore, the WIPP-003 base analysis was 
re-evaluated for a 40-gallon hydraulic tank on the forklift. This review determined that a fire involving all 
six tires on the vehicle (partially de-rated, as was done in WIPP-003) would at worst develop a fire that has 
a 21.1-foot diameter. This fire would have a flame height of about 20.8 feet, which is just barely high 
enough to reach the bottom of the steel beam. Given that the flame tip, even if placed directly under the 
beam, would not be in direct continuous contact with the beam (due to flickering), there is no likelihood 
that the beam would be exposed to temperatures approaching the ASTM-E119 temperatures. This fire, as 
evaluated in WIPP-003, would require a specific set of unlikely circumstances to align and has been 
viewed as very conservative, possibly overly conservative. The scenario would require that the six tires 
must all ignite simultaneously, pool in a single concentrated location, and develop in a manner where the 
structure of the vehicle would not interfere with flame structure development. In fact, this condition is 
nearly impossible because the heavy steel structure would certainly influence the structure of the flame, 
causing it to disperse and burn at a lesser heat release rate than a nonobstructed flame structure. WIPP-003 
describes the importance of flame structure to a fire’s heat release rate and combustion efficiency. WIPP-
003 indicates that the tires represent more than 80 percent of the vehicle’s solid combustible material. 
Therefore, it is appropriate to neglect the remaining portion of combustible materials (principally the fully 
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enclosed battery) from this evaluation. Given the conservatisms in the analysis and the likelihood of the 
scenario developing as modeled, it is therefore judged that even this most conservatively postulated fire 
would not challenge the WHB structure. 

Conclusion: The 13-ton electric forklift fire (with 40 gallons of hydraulic fluid) postulated in the WIPP 
WHB CH Bay would not challenge the structural integrity of the roof trusses supporting the ceiling/roof. 

References: 
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2. NUREG 1805, Fire Dynamics Tools (FDTs): Quantitative Fire Hazard Analysis Methods for the 
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