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Overview of the Permit Modification Request 

This document contains a Class 3 Permit Modification Request (PMR) for the Waste Isolation 
Pilot Plant (WIPP) Hazardous Waste Facility Permit (Permit) Number NM4890139088-TSDF. 

This PMR is being submitted by the U.S. Department of Energy (DOE) and Nuclear Waste 
Partnership LLC, collectively referred to as the Permittees, in accordance with the Permit Part 1, 
Section 1.3.1 (20.4.1.900 New Mexico Administrative Code (NMAC) incorporating Title 40 Code 
of Federal Regulations (CFR) §270.42[c]).  The modification proposes the following changes: 

 Provides the Permittees the ability to store additional contact-handled (CH) transuranic 
(TRU) mixed waste (65,280 cubic feet) on the surface of the WIPP facility in a 
permitted hazardous waste container storage unit.  This additional CH TRU mixed 
waste storage capacity includes remote-handled (RH) waste in shielded containers 
that is managed and stored as CH waste pursuant to Permit Part 3, Section 3.3.1.8. 

 Provides the Permittees the ability to store CH TRU mixed waste (65,280 cubic feet) in 
a permitted hazardous waste container storage unit for up to one-year.  The one year 
storage time only applies to the proposed new Concrete Overpack Container Storage 
Unit (Overpack Unit).  The current storage times for the Waste Handling Building 
Container Storage Unit (WHB Unit) and the Parking Area Container Storage Unit 
(Parking Area Unit) will remain unchanged. 

The Permittees are proposing changes to the following Permit Parts and Attachments: 

 Revise Part 3, Container Storage, Section 3.1., Designated Container Storage Units 

 Revise Part 3, Container Storage, Section 3.1.1., Waste Handling Building Container 
Storage Unit, Table 3.1.1 – WHB Unit 

 Revise Part 3, Container Storage, Section 3.1.1.5., Storage on Pallets 

 Revise Part 3, Container Storage, Section 3.1.1.8., Minimum Aisle Space 

 Revise Part 3, Container Storage, Section 3.1., Designated Container Storage Units to 
add new Section 3.1.3., Concrete Overpack Container Storage Unit 

 Revise Part 3, Container Storage, Section 3.6., Containment Systems 

 Revise Part 3, Container Storage, Section 3.7., Inspection Schedules and Procedures 

 Revise Part 3, Container Storage, Section 3.7., Inspection Schedules and Procedures 
to add new Section 3.7.3., Inspection of Closed Concrete Overpacks 

 Revise Part 6, Closure Requirements, Section 6.9., Closure of Permitted Container 
Storage Units 

 Revise Attachment A, General Facility Description and Process Information, A-3, 
Property Description 
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 Revise Attachment A, General Facility Description and Process Information, A-4, 
Facility Type 

 Revise Attachment A1, Container Storage, Introduction 

 Revise Attachment A1, Container Storage, A1-1c, Description of the Container 
Storage Units to add new Section A1-1c(3), Concrete Overpack Container Storage 
Unit (Overpack Unit)  to describe the new concrete overpack container storage unit 

 Revise Attachment A1, Container Storage, A1-1d, Container Management Practices 

 Revise Attachment A1, Container Storage, A1-1d(4), Handling Waste in Shielded 
Containers 

 Revise Attachment A1, Container Storage, A1-1e(2), Parking Area Unit 

 Revise Attachment A1, Container Storage, A1-1e, Inspections to add new Section A1-
1e(3), Overpack Unit to delineate the inspection requirements for the new concrete 
overpack container storage unit 

 Revise Attachment A1, Container Storage, A1-1f(2), Secondary Containment 
Description 

 Revise Attachment A1, Container Storage, A1-1i, Control of Run On 

 Revise Attachment A1, Container Storage, Table A1-2, Waste Handling Equipment 
Capacities 

 Revise Attachment A1, Container Storage, Figures to add two figure drawings: A1-38 
for the concrete overpack unit area and A1-39 for the concrete overpack container) 

 Revise Attachment A2, Geologic Repository, A2-2b, Geologic Repository Process 
Description, CH TRU Mixed Waste Emplacement 

 Revise Attachment A2, Geologic Repository, Table A2-1, CH TRU Mixed Waste 
Handling Equipment Capacities 

 Revise Attachment A2, Geologic Repository, Figure A2-12, WIPP Facility Surface and 
Underground CH Transuranic Mixed Waste Process Flow Diagram 

 Revise Attachment A4, Traffic Patterns, to add new Section A4-5, Concrete Overpack 
Container Storage Unit Traffic 

 Revise Attachment A4, Traffic Patterns, Figures add two new figures, Figure A4-8 and 
Figure A4-9 to show traffic patterns for the new concrete overpack container storage 
unit) 

 Revise Attachment B, Hazardous Waste Permit Application Part A 

 Revise Attachment B, Hazardous Waste Permit Application Part A, Appendix B2 Maps 
to replace Figure B2-2 with a more legible figure and Figure B2-2a Note 1 is being 
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revised to change the Property Protection Area (PPA) from approximately 35 acres to 
approximately 40 acres. 

 Revise Attachment B, Hazardous Waste Permit Application Part A, Appendix B3 
Facilities to add Figure B3-5 to show the Concrete Overpack Container Storage Unit 

 Revise Attachment D, RCRA Contingency Plan, D-1e, Description of Surface 
Hazardous Waste Management Units 

 Revise Attachment D, RCRA Contingency Plan, D-1f, Off-Normal Events to delete 
section 

 Revise Attachment E, Inspection Schedule, Process and Forms, E-1b(1), Container 
Inspection 

 Revise Attachment E, Inspection Schedule, Process and Forms, Table E-1 
(Continued), Inspection Schedule/Procedures Notes 

 Revise Attachment F1, RCRA Hazardous Waste Management Job Titles and 
Descriptions 

 Revise Attachment G, Closure Plan, Introduction 

 Revise Attachment G, Closure Plan, G-1, Closure Plan 

 Revise Attachment G, Closure Plan, G-1a(1), Container Storage Units 

 Revise Attachment G, Closure Plan, G-1b, Requirements 

 Revise Attachment G, Closure Plan, G-1c, Maximum Waste Inventory 

 Revise Attachment G, Closure Plan, G-1e(2)(b), Decontamination Activities, Surface 
Container Storage Units 

 Revise Attachment G, Closure Plan, Table G-2, Anticipated Overall Schedule for 
Closure Activities 

 Revise Attachment J, Hazardous Waste Management Unit Tables, to add new Table 
J-3 for the new concrete overpack container storage unit 

These changes do not reduce the ability of the Permittees to provide continued protection to 
human health and the environment. 

The requested modification to the Permit and related supporting documents are provided in this 
PMR.  The proposed modification to the text of the Permit has been identified using red text and 
a double underline and a strikeout font for deleted information.  All direct quotes are indicated by 
italicized text.  The following information specifically addresses how compliance has been 
achieved with the Permit Part 1, Section 1.3.1, for submission of this Class 3 PMR. 
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1. 20.4.1.900 NMAC, incorporating 40 CFR §270.42(c)(1)(i), requires the applicant to 
describe the exact change to be made to the permit conditions and supporting 
documents referenced by the permit. 

The proposed action is to permit an additional hazardous waste container storage unit at the 
WIPP facility for storage of 65,280 cubic feet of TRU mixed waste for up to one year prior to 
disposal.  This additional CH TRU mixed waste storage capacity includes RH waste in shielded 
containers that is managed and stored as CH waste pursuant to Permit Part 3, Section 3.3.1.8. 

The new Above Ground Storage Capacity (AGSC) project will add capacity to the WIPP facility 
to store TRU mixed waste on the surface prior to disposal in the underground.  Storage will be 
accomplished using concrete overpacks placed on an outdoor concrete storage area.  This new 
hazardous waste container storage unit provides the Permittees the ability to safely store 
additional CH TRU mixed waste on the surface of the WIPP facility in a permitted hazardous 
waste container storage unit during times when the facility is undergoing a planned or 
unplanned maintenance activity, an event that delays waste emplacement, or an event that 
delays shipments to the WIPP (e.g., inclement weather).  For example, this change will allow 
the Permittees to continue processing waste when inclement weather delays shipments to the 
WIPP (such as snowfall in northern New Mexico).  In this situation the Permittees will have the 
ability to process the waste that will be in storage in the new storage unit.  The Permittees can 
then schedule the removal and disposal of waste stored in the concrete overpacks during 
periods when shipments are slower, on a separate shift, or on weekends.  The one-year storage 
limit provides sufficient time and flexibility to work disposing of waste in concrete overpacks into 
the normal waste disposal schedule. 
 
This storage capability represents a significant waste processing efficiency.  The current Permit 
requires shipments of waste from the generator sites to be stopped in any event which results in 
an interruption to normal waste handling operations that exceeds three days.  This use of the 
concrete overpacks/concrete overpack storage unit will eliminate the need for this stoppage and 
allow generator storage sites to continue shipments. 

Upon completion of the AGSC project, the Permittees will have the capability and space to store 
up to eight weeks of CH TRU mixed waste shipments at a rate of 17 shipments per week. 

According to 20.4.1.900 NMAC, incorporating 40 CFR §270.15, Specific part B information 
requirements for containers, owners or operators of facilities that store containers of hazardous 
waste must provide a description of the containment system to demonstrate compliance with 
20.4.1.500 NMAC, incorporating 40 CFR §264.175, showing at least the following information: 

 Basic design parameters, dimensions, and materials of construction, 

 How the design promotes drainage or how containers are kept from contact with 
standing liquids in the containment system, 

 Capacity of the containment system relative to the number and volume of containers to 
be stored, 

 Provisions for preventing or managing run-on, and 

 How accumulated liquids can be analyzed and removed to prevent overflow. 
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The following paragraphs and Table 1 below address specific requirements from 20.4.1.900 
NMAC, incorporating 40 CFR §270.15. 

The Overpack Unit is sized to store up to 408 concrete overpacks.  Each concrete overpack is 
sized to hold the contents of one Transuranic Package Transporter-II (TRUPACT-II) (for 
example, 14 55-gallon drums (two 7-packs), two standard waste boxes (SWBs), or one ten-
drum overpack (TDOP)).  Concrete overpacks may also be used to store 85-gallon drums or 
100-gallon drums.  This provides capacity to store up to eight weeks of shipments at 17 
shipments per week of three TRUPACT-II containers per shipment.  The concrete overpacks 
are of robust design.  They are made of steel reinforced concrete with a removable concrete lid.  
They are designed to function as the secondary containment barrier when loaded with TRU 
mixed waste.  Aisles between the concrete overpacks provide area access and egress paths 
and shall be a minimum of 48 inches.  The nominal dimensions of the Overpack Unit cement 
pad and berm are shown below: 

 Length:  712 feet 

 Width: 135.5 feet 

 Slab thickness:  minimum of 14 inches 

 Berm height:  8 inches 

 Berm width:  12 inches 

The concrete overpack is constructed of 4,000-pounds per square inch concrete and it has two 
layers of #3 rebar spaced at six inches between bars.  The nominal wall thickness of the 
concrete overpack is eight inches and the nominal base and lid thickness is six inches.  The 
concrete overpack has a nominal interior diameter of 80 inches and an interior height of 78 
inches.  The concrete overpack has a nominal exterior diameter of 96 inches (eight feet) and a 
nominal exterior height of 90 inches (7.5 feet) without the lid in place.  The empty concrete 
overpack weighs approximately 27,000 pounds.  The lid weighs approximately 5,100 pounds 
and is designed to seat securely in an overlap joint atop the concrete overpack body.  This lid 
design prevents rainwater from entering the concrete overpack, therefore covers and/or 
enclosures are not required.  The total weight of the concrete overpack with lid is approximately 
32,100 pounds.  The concrete overpacks are procured to the applicable American Concrete 
Institute standard for reinforced concrete.  The nominal dimension and approximate weight of 
the concrete overpack are shown below:   

 Wall thickness:  8 inches 

 Base and lid thickness:  6 inches 

 Interior diameter:  80 inches (6.7 feet) 

 Interior height:  78 inches (6.5 feet) 

 Exterior diameter:  96 inches (8 feet) 

 Exterior height:  90 inches (7.5 feet) 
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 Empty weight:  27,000 pounds 

 Lid weight:  5,100 pounds 

 Total weight: 32,100 pounds 

Similar to waste being stored in Type B packaging (Permit Attachment A, Section A1-1e(2)), 
inspection of waste containers is not possible when the containers are in concrete overpacks.  
Inspections can be accomplished by bringing the concrete overpacks into the WHB Unit and 
opening them and lifting the waste containers out for inspection when they are ready to be 
removed for emplacement underground.  Removing containers strictly for the purposes of 
inspection results in unnecessary worker radiological exposures and subjects the waste to 
additional handling.  The waste containers do not need to be inspected until they are ready to 
be removed from the concrete overpacks for emplacement underground.  Because the concrete 
overpacks are closed and are of robust design, waste containers are protected from standing 
liquids that may be present due to rain water.  In addition, the design of the concrete overpack 
prevents the migration of hazardous waste to the environment. 

The Overpack Unit, approximately 96,500 square feet, will be constructed to the south of the 
Waste Handling Building (WHB) with the majority of work performed outside the existing PPA 
fence.  Prior to use for storing TRU mixed waste in the Overpack Unit, the PPA fence will be re-
routed to include the unit.  It will be surrounded by a permanent seven-foot high chain link fence, 
topped by three strands of barbed wire, for a total of eight feet in height.  The regularly 
inspected chain link fencing at the WIPP facility will completely surround the Overpack Unit.  
The additional area needed for the Overpack Unit will result in an increase to the PPA of 
approximately 5.3 acres.  Changes are being proposed to Permit Attachment A, Sections A-3 
and A-4 and Permit Attachment B, Hazardous Waste Permit Application for Part A, to reflect the 
proposed Overpack Unit.  The changes to Section A-3 will revise the area of the PPA from 
34.16 acres to approximately 40 acres and Section A-4 will briefly describe the Overpack Unit 
and location.  The changes to Part A include the following: 

 7.  Process-Codes and Design Capacities is being revised to add a third storage unit 
with respective Process Code S01, its respective storage volume, and to add 50 
concrete overpacks to the storage unit 

 Figure B2-2 is being replaced with a more legible figure and Note 1 is being revised to 
change the PPA from approximately 35 acres to approximately 40 acres 

 New Figure B3-5 is being added to depict the Concrete Overpack Container Storage 
Unit 

These changes are depicted in the redline strikeout of this PMR.  Note that revised pages to 
Form OMB#: 2050-0024 (RCRA Hazardous Waste Part A Application forms) are not included.  
These will be provided once the Permit modification is adjudicated as a Class 1 Permit 
Modification Notification.   

The Overpack Unit is a steel reinforced concrete pad that is engineered to contain and collect 
any liquid spills from waste handling operations.  Floor drains and curbs will direct liquids to a 
collection tank for sampling, as needed based on inspection of the Overpack Unit, if the liquids 
are contaminated.  The liquid collection system for the Overpack Unit consists of steel pipe 
leading from the unit low point (i.e., sump drain) to a sump.  The sump is constructed of metal or 
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concrete.  The disposition of liquids collected in the sump is administratively controlled.  During 
rain periods, the rainwater could be diverted to existing on-site holding ponds.  A provision shall 
be made to bypass rainwater from the sample tank directly to the site settling pond when there 
is no concrete overpack transport or handling activity on the Overpack Unit slab.  A fire water 
line shall be provided to feed approximately 500 gallons per minute of water to a fire hydrant. 
The Overpack Unit will be configured to provide safe driving paths for forklifts handling concrete 
overpacks.  

Changes to Permit Attachment D, RCRA Contingency Plan are proposed to include a 
description of the Overpack Unit.  No other changes to the RCRA Contingency Plan or to the 
emergency equipment list therein are necessary because of the following reasons: 

 Fire hydrants are already listed as emergency equipment. 

 Emergency communications are available by radio or cell phone.  Radios and cell 
phones are already listed as emergency equipment. 

 Spill control and decontamination equipment is not being proposed because the 
concrete overpack provides secondary containment (i.e., waste handlers will not be 
transporting/managing payload containers).  Portable spill control and decontamination 
equipment (e.g., absorbents, eye wash) is available on site if needed. 

 Because the Overpack Unit is outdoors no changes are required to the evacuation 
routes.  The site wide evacuation route applies. 

Changes to Attachment E, Inspection Schedule, Process and Forms are proposed to include 
weekly inspections of the Overpack Unit when waste is present.  This inspection will look for 
signs of leaks or spills, deterioration of the concrete pad, security fencing and the sump.   
Weekly inspections of concrete overpacks that contain waste will be conducted.  These will 
include inspection for leaks or spills and deterioration which will include spalling, cracking or 
other forms of degradation of the concrete overpacks.  In addition, inspections will be performed 
on empty concrete overpacks prior to each use.   Empty concrete overpacks will be inspected 
for deterioration which will include spalling, cracking or other forms of degradation.   

No changes are proposed to the Permit to address emissions of Volatile Organic Compounds 
(VOCs) from waste stored in concrete overpacks in the Overpack Unit.  This is because air 
emission control equipment is not required by virtue of the following exemption in 40 CFR 264, 
Subpart CC – Air Emissions Standards for Tanks, Surface Impoundments, and Containers:  “A 
waste management unit that is used solely for the management of radioactive mixed waste in 
accordance with applicable regulations under the authority of the Atomic Energy Act and 
Nuclear Waste Policy Act.”  Note also that concrete overpacks that are not sealed so that 
internal gases from waste containers stored within are vented to the atmosphere; the quantity of 
waste to be stored is small and therefore the respective VOC source term is small; and the 
concrete overpacks are stored outdoors where any VOCs emanating from the concrete 
overpacks will be immediately dispersed.  Similar to CH TRU waste shipping packages, the 
concrete overpacks will be opened at the TRUPACT-II Unloading Dock (TRUDOCK) where a 
vent hood will divert any accumulated VOCs away from workers. 
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The safety strategy for the AGSC is based on the WIPP Documented Safety Analysis (DSA), 
(Revision 5b)1, and applicable analyses and design requirements performed and implemented 
at the Savannah River Site Solid Waste Management Facilities.  The concrete overpacks and 
the Overpack Unit represent a robust design that is based on the physical and functional 
description below.  The calculations and analysis found in Appendix D, Supplemental 
Information, of this PMR use radiological information to bound the design basis accidents. 
Therefore, if the radiological release criteria are met by the design, then the hazardous waste 
release criteria will also be bounded by the design. 

To support the hazard and accident analysis, certain concrete overpack attributes are 
necessary to ensure that the concrete overpack performs its intended safety significant 
functions.  These concrete overpack attributes are associated with hazards involving impacts, 
fire, and explosion.  The safety functions performed by closed concrete overpacks are: 

 The concrete overpacks will provide a secondary confinement for waste and protect 
the primary waste packages from operational (vehicle crashes, drops), natural 
phenomena (high winds/tornadoes), and external hazards (lightning protection and 
radiation shielding). 

 Does not contribute to the facility fire loading, and protect containers inside from 
external fires because they are made of noncombustible material. 

 Provides a thermal barrier to protect internal containers from an external fire and 
prevents the spread of fire within concrete overpacks. 

 Does not fail due to internal fires. 

 Provides confinement during various events where the concrete overpack limits the 
release of radiological inventory. 

 Provides a substantial mass to prevent tipping over or sliding during design basis 
tornado/high wind events. 

 Does not fail or suffer lid loss due to differential pressures caused by design basis 
tornadoes or high winds. 

 Prevents tipping over during a design basis seismic event. 

 Provides sufficient permeability to prevent the accumulation of flammable gases such 
as hydrogen above applicable limits inside the concrete overpack and accumulations 
of any other filtered releases from the primary confinements (waste containers). 

 Absorbs the energy of an internal explosion or releases the energy by vertical 
displacement of the drum lid, with no damage to adjacent containers.  The most likely 
missile generated by an internal explosion is an ejected drum lid, which will not 
penetrate the concrete overpack. 

                                                 
 
1 http://www.wipp.energy.gov/Special/DSA_Rev_5_Chapters_0-18.pdf 
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 Resists impacts during natural phenomenon hazard (NPH) events such that a collapse 
of light and moderate structures or falling structural objects (e.g., light fixtures, cable 
trays, or conduits) and the collapse of substantial structures have limited impact on the 
inventory inside the concrete overpack. 

The AGSC will be incorporated into the WIPP hazard analysis and the DSA.  The functional 
classification for AGSC components has been established using DOE Standard DOE-STD-
3009-2014, Preparation Guide for U.S. Department of Energy Nonreactor Nuclear Facility 
Documented Safety Analyses. The safety design criterion to be applied to the AGSC aligns with 
DOE Order 420.1C, Facility Safety and DOE Guide 420.1-1A, Nonreactor Nuclear Safety 
Design Guide.  The concrete overpacks will need to perform the Safety Significant or Safety 
Class functions credited to Transuranic Package Transporters (TRUPACTs) and the WHB in 
protecting TRU waste packages from NPH and man-made external events.  In doing so, the 
design and associated safety related calculations are similar to those employed at the 
Savannah River Site Solid Waste Management Facility.  Specific safety significant functions of 
the concrete overpacks are discussed below.   

The DOE’s Fire Protection Standard, DOE-STD-1066-2012, defines the Fire Hazards Analysis 
(FHA) as follows:  “The purpose of a Fire Hazard Analysis (FHA) is to conduct a comprehensive 
assessment of the risk from fire in a facility to verify that fire safety objectives are met.  The FHA 
may also incorporate facilities, other than buildings when they are exposed or are integral to the 
building operations.  The FHA usually is broken down by building, but may be further broken 
down into fire areas.  The FHA is also a tool for incorporating appropriate fire protection criteria 
into designs in accordance with DOE-STD-1189-2008, and for demonstrating compliance with 
DOE orders and standards, building codes requirements, and fire protection standards.  A FHA 
may also be required for facilities other than buildings if the value and hazard warrant.” 

The Permittees maintain a FHA for the entire WIPP facility which includes buildings and 
systems, both surface and underground.  However, it is based on the current WIPP TRU 
handling and storage methods and not on above ground storage outdoors.  This PMR 
addresses the new capability for above ground storage of TRU mixed waste at the WIPP facility. 

Key features and attributes of the new Overpack Unit include: 

 The concrete overpack will serve dual functions as a fire barrier for external fire 
events, and prevent the buildup of flammable gasses above applicable limits. 

 The Overpack Unit concrete pad for TRU mixed waste loaded concrete overpacks will 
have a floor that allows for the collection of a potential spill in the sampling tank. 

 A fire water supply line with hydrant is provided in the Overpack Unit. 

 Access space will be provided between stored concrete overpacks to allow access for 
personnel performing inspections and by Fire Department personnel as needed. 

 In accordance with the FHA, 20-feet minimum cleared area will be maintained around 
the storage area to protect from wild fires.  

 Concrete overpacks will be manufactured with pockets for forklift tines eliminating the 
need for pallets on the above ground storage pad. 
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Construction and operation of the Overpack Unit will not introduce new hazardous materials to 
the WIPP facility nor increase the final disposal volume of the WIPP facility.  It will increase the 
inventory of hazardous waste allowed in storage above ground at the WIPP facility at any one 
time.  Potential impacts of the increased above ground inventory will be mitigated by the use of 
concrete overpacks to provide secondary containment and protect the waste packages from 
NPHs, fire, and physical insult.  By extension, the Overpack Unit will not change the hazards or 
consequences that a worker or the public might be exposed to.  The Overpack Unit does not 
introduce any new chemical hazards. However, the Overpack Unit will increase the inventory of 
radionuclides in above ground storage at the WIPP facility and a revision to the DSA is 
anticipated.  

The WIPP facility does not lie within an area listed in Appendix VI of 20.4.1.500 NMAC 
(incorporating 40 CFR 264 Appendix VI) and does not have to comply with the seismic 
standard. 

The primary containment for TRU mixed waste during transport to the WIPP facility, and while 
the waste is being handled at the WIPP facility prior to emplacement, is the waste container.  
Secondary containment is provided by a Type B shipping container (e.g., TRUPACT-II) during 
movement to the WIPP facility and while at the WIPP facility prior to being unloaded in the WHB 
(limited to 60 days after sealing a Type B shipping container).  Secondary containment at the 
CH Bay Storage Area inside the WHB Unit is provided by the WHB Unit floor (See Permit 
Attachment A, Section A1-1f).  The concrete overpack provides secondary containment when 
waste is stored in the Overpack Unit and in transit between the WHB and the Overpack Unit.   

The fire protection strategy ensures a closed concrete overpack will provide a thermal barrier to 
protect stored waste packages from credible fires.  The strategy will prevent fires inside a 
concrete overpack from propagating beyond the concrete overpack.  Analyses performed at 
Savannah River Site have demonstrated that concrete overpacks similar to those to be used for 
the Overpack Unit, will provide a 3-hour barrier for anticipated fire events.  Similar analyses and 
calculations indicate the concrete overpack design to be used for the Overpack Unit will provide 
adequate protection from credible fires. 

The likelihood and severity of fires affecting concrete overpacks in the Overpack Unit is 
minimized through design features and operational restrictions.  Concrete overpacks will be 
manufactured with pockets for forklift tines eliminating the need for pallets on the above ground 
storage pad.  The storage pad will be constructed with sloped floors leading to drains and a 
collection tank to minimize the possibility that combustible liquids (for example, forklift diesel 
fuel) could collect and support a large pool fire.  Existing WIPP facility fire protection program 
requirements minimize the presence of other combustibles in the Overpack Unit.  The WIPP 
facility fire water supply system will be extended to the Overpack Unit and a new fire hydrant 
adjacent to the Overpack Unit will be installed. 

The TRU mixed waste storage process begins with the WIPP Operations TRU mixed waste 
handling personnel transporting an empty concrete overpack into the WHB using a forklift and 
positioning it in front of the TRUDOCK.  Next, the personnel will remove the empty concrete 
overpack lid and set it aside on the designated stand.  TRU mixed waste containers will be 
removed from the CH packaging on the TRUDOCK.  As the waste is removed from the CH 
packaging, the payload containers will be inspected.  Once the waste is lowered into the empty 
concrete overpack using the Adjustable Center of Gravity Lift Fixture, the annual inspection and 
storage period will begin.  The lid will then be placed back on the concrete overpack.  This 
provides the secondary containment for the TRU mixed waste.  Using a forklift, TRU mixed 
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waste handling personnel will then transport the loaded concrete overpack containing the TRU 
mixed waste outside of the airlocks.  An all-terrain forklift will then transport the loaded concrete 
overpack onto the Overpack Unit. 

When it is time to emplace the TRU mixed waste into the WIPP underground, TRU mixed waste 
handling personnel will retrieve the loaded concrete overpack containing the TRU mixed waste 
from the Overpack Unit and move it using the all-terrain forklift outside the WHB.  The concrete 
overpack will then be carried into the WHB using an electric forklift and placed in the 
TRUDOCK.  The concrete overpack lid will be removed and radiological surveys are performed 
as required.  The TRU mixed waste will be removed from the concrete overpack, inspected for 
spills or leaks, and, if found to be in good condition, placed on a facility pallet and readied for 
emplacement in the WIPP underground.  The empty concrete overpack will then be ready to 
receive other TRU mixed waste for storage or be moved out of the WHB and staged for future 
use.  

Job hazards analyses are required to be performed at the WIPP facility to ensure that industrial 
safety related hazards are identified for activities such as managing concrete overpacks.  
Mitigation of hazards is addressed in standard operating procedures and/or training.  As with 
other TRU mixed waste management process at the WIPP facility, concrete overpacks will be 
managed in accordance with standard operating procedures that provide for safe operations.  
The TRU mixed waste handler will be trained to the new procedures as provided for by revisions 
to the training program in Permit Attachment F1.  

Table 1 below provides a hazardous waste regulatory framework compliance summary for the 
proposed Overpack Unit.  This table also provides additional description of the changes being 
proposed. 
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Regulatory Framework for Hazardous Waste Containers & Hazardous Waste Container Storage Units 

Regulatory 
Citation(s) 
20.4.1.900 

NMAC 
(incorporating 

40 CFR Part 
270) 

Regulatory 
Citation(s) 
20.4.1.500 

NMAC 
(incorporating 

40 CFR Part 
264) Description of Requirement 

Concrete Overpack Container Storage Unit 

(Overpack Unit) Compliance 

Yes No N/A Comments 

§270.15(a)(1)  Basic design parameters, 
dimensions, and materials of 
construction. 

 The nominal dimensions of the 
Overpack Unit cement pad and berm 
are shown below: 

 Length:  712 feet 
 Width:  135.5 feet 
 Slab thickness:  14 inches 

minimum 
 Berm height:  8 inches 
 Berm width:  12 inches 

The concrete overpack is constructed 
of 4,000-pounds per square inch 
concrete and it has two layers of #3 
rebar spaced at 6 inches between 
bars.  

The nominal wall thickness of the 
concrete overpack is 8 inches and the 
nominal base and lid thickness is 6 
inches.  The concrete overpack has a 
nominal interior diameter of 80 inches 
and an interior height of 78 inches.  
The empty concrete overpack weighs 
approximately 27,000 pounds.  The lid 
weighs approximately 5,100 pounds 
and is designed to seat securely in an 
overlap joint atop the overpack body.  
The total weight of the concrete 
overpack with lid is approximately 
32,100 pounds. The concrete 
overpacks are procured to the 
applicable American Concrete 
Institute standards for reinforced 
concrete. The nominal dimensions 
and approximate weight of the 
concrete overpack are shown below: 

 Wall thickness:  8 inches 
 Base and lid thickness:  6 

inches 
 Interior diameter:  80 inches 

(6.7 feet) 
 Interior height: 78 inches 

(6.5 feet) 
 Exterior diameter: 96 inches 

(8 feet) 
 Exterior height: 90 inches 

(7.5 feet) 
 Empty weight: 27,000 

pounds 
 Lid weight: 5,100 pounds 
 Total weight: 32,100 pounds
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Regulatory Framework for Hazardous Waste Containers & Hazardous Waste Container Storage Units 

Regulatory 
Citation(s) 
20.4.1.900 

NMAC 
(incorporating 

40 CFR Part 
270) 

Regulatory 
Citation(s) 
20.4.1.500 

NMAC 
(incorporating 

40 CFR Part 
264) Description of Requirement 

Concrete Overpack Container Storage Unit 

(Overpack Unit) Compliance 

Yes No N/A Comments 

§270.15(a)(2)  How the design promotes drainage 
or how containers are kept from 
contact with standing liquids in the 
containment system. 

 The storage area is a steel reinforced 
concrete pad that is engineered to 
contain and collect any liquid spills 
from waste handling operations.  Floor 
drains and curbs will direct liquids to a 
collection tank for sampling.  The 
liquid collection system for the 
Overpack Unit consists of steel pipe 
leading from the unit low point (i.e., 
sump drain) to a sump.  The sump is 
constructed of metal or concrete.  The 
disposition of liquids collected in the 
sump is administratively controlled. 

The waste containers are stored on 
the concrete pad within the concrete 
overpacks; therefore, they are kept 
from contact with standing liquids in 
the containment system. 

§270.15(a)(3)  Capacity of the containment system 
relative to the number and volume 
of containers to be stored. 

 The concrete pad/berm storage area 
is approximately 96,490 square feet 
made up of reinforced concrete to 
store up to 408 concrete overpacks.  It 
is designed to hold 65,280 cubic feet 
of TRU mixed waste. 

§270.15(a)(4)  Provisions for preventing or 
managing run-on. 

 The storage area is a steel reinforced 
concrete pad with a berm that will 
prevent run-on and is engineered to 
contain and collect any liquid spills 
from waste handling operations.  Floor 
drains and curbs will direct liquids to a 
collection tank for sampling.  The 
liquid collection system for the 
Overpack Unit consists of steel pipe 
leading from the unit low point (i.e., 
sump drain) to a sump.  The sump is 
constructed of metal or concrete.  The 
disposition of liquids collected in the 
sump is administratively controlled 
using WIPP standard operating 
procedures. 
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Regulatory Framework for Hazardous Waste Containers & Hazardous Waste Container Storage Units 

Regulatory 
Citation(s) 
20.4.1.900 

NMAC 
(incorporating 

40 CFR Part 
270) 

Regulatory 
Citation(s) 
20.4.1.500 

NMAC 
(incorporating 

40 CFR Part 
264) Description of Requirement 

Concrete Overpack Container Storage Unit 

(Overpack Unit) Compliance 

Yes No N/A Comments 

§270.15(a)(5)  How accumulated liquids can be 
analyzed and removed to prevent 
overflow. 

 The storage area is a steel reinforced 
concrete pad that is engineered to 
contain and collect any liquid spills 
from waste handling operations.  Floor 
drains and curbs will direct liquids to a 
collection tank for sampling, as 
needed based on inspection of the 
Overpack Unit, if the liquids are 
contaminated.  The liquid collection 
system for the Overpack Unit consists 
of steel pipe leading from the unit low 
point (i.e., sump drain) to a sump.  
The sump is constructed of metal or 
concrete.  The disposition of liquids 
collected in the sump is 
administratively controlled using 
WIPP Standard Operating 
Procedures. 

§270.15(b)(1)  Test procedures and results or 
other documentation or information 
show that the wastes do not 
contain free liquids; and 

 Real Time Radiography and Visual 
Examination is a current practice that 
is proceduralized to document that the 
wastes do not contain prohibited 
quantities of free liquids. 

§270.15(b)(2)  A description of how the storage 
area is designed or operated to 
drain and remove liquids or how the 
containers are kept from contact 
with standing liquids. 

 The storage area is a steel reinforced 
concrete pad that is engineered to 
contain and collect any liquid spills 
from waste handling operations.  Floor 
drains and curbs will direct liquids to a 
collection tank for sampling.  The 
liquid collection system for the 
Overpack Unit consists of steel pipe 
leading from the unit low point (i.e., 
sump drain) to a sump.  The sump is 
constructed of metal or concrete.  The 
disposition of liquids collected in the 
sump is administratively controlled 
using WIPP standard operating 
procedures. 

 

The containers are within the concrete 
overpacks; therefore, they are kept 
from contact with standing liquids that 
may be present due to rainfall in the 
concrete/berm containment system. 

§270.15(c)  Sketches, drawings, or data 
demonstrating compliance with 
§264.176 (location of buffer zone 
and containers holding ignitable or 
reactive wastes) and §264.177(c) 
(location of incompatible wastes), 
where applicable. 

 DOE/WIPP-02-3122, Transuranic 
Waste Acceptance Criteria for The 
Waste Isolation Pilot Plant, does not 
allow ignitable or reactive waste to be 
shipped to the WIPP facility. 

 §264.176 Containers holding ignitable or 
reactive waste must be located at 
least 15 meters (50 feet) from the 
facility’s property line. 

  DOE/WIPP-02-3122, Transuranic 
Waste Acceptance Criteria for The 
Waste Isolation Pilot Plant, does not 
allow ignitable or reactive waste to be 
shipped to the WIPP facility. 
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Regulatory Framework for Hazardous Waste Containers & Hazardous Waste Container Storage Units 

Regulatory 
Citation(s) 
20.4.1.900 

NMAC 
(incorporating 

40 CFR Part 
270) 

Regulatory 
Citation(s) 
20.4.1.500 

NMAC 
(incorporating 

40 CFR Part 
264) Description of Requirement 

Concrete Overpack Container Storage Unit 

(Overpack Unit) Compliance 

Yes No N/A Comments 

 §264.177(c) A storage container holding 
hazardous waste that is 
incompatible with any waste or 
other materials stored nearby in 
other containers, piles, open tanks, 
or surface impoundments must be 
separated from the other materials 
or protected from them by means of 
a dike, berm, wall, or other device. 

  DOE/WIPP-02-3122, Transuranic 
Waste Acceptance Criteria for The 
Waste Isolation Pilot Plant, does not 
allow ignitable or reactive waste to be 
shipped to the WIPP facility. 

The waste containers are stored 
within the concrete overpacks, which 
are designed to hold up to one TDOP, 
two SWBs, or 14 55-gallon drums. 

The concrete overpacks are procured 
to the applicable American Society for 
Testing and Materials (ASTM) 
standards for pre-cast reinforced 
concrete manhole sections (ASTM 
C478-93), and reinforced concrete 
wall (ASTM C76-89). 

§270.15(d)  Where incompatible wastes are 
stored or otherwise managed in 
containers, a description of the 
procedures used to ensure 
compliance with §§264.177 (a) and 
(b), and §264.17(b) and (c). 

 Acceptable Knowledge procedures 
used ensure that radiography and 
visual examination include a list of 
prohibited items that the operator shall 
verify are not present in each 
container (e.g., liquid exceeding 
Treatment, Storage and Disposal 
Facility Waste Acceptance Criteria 
(TSDF-WAC) limits, corrosive, 
ignitable, reactive, and incompatible 
wastes). 

§270.15(e)  Information on air emission control 
equipment as required in §270.27. 

  Air emission control equipment is not 
required.  This is because the Subpart 
CC – Air Emissions Standards for 
Tanks, Surface Impoundments, and 
Containers does not apply to “A waste 
management unit that is used solely 
for the management of radioactive 
mixed waste in accordance with 
applicable regulations under the 
authority of the Atomic Energy Act and 
Nuclear Waste Policy Act” pursuant to   
264.1080(b)(6).  Furthermore, air 
emission control equipment is not 
required because the waste 
containers are stored within the 
concrete overpacks. 

The concrete overpack design allows 
venting of flammable gasses such as 
hydrogen through permeation to 
maintain concentration below 
applicable limits (e.g., the Lower 
Flammability Limit (LFL) for hydrogen 
is 4% concentration). 
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Regulatory Framework for Hazardous Waste Containers & Hazardous Waste Container Storage Units 

Regulatory 
Citation(s) 
20.4.1.900 

NMAC 
(incorporating 

40 CFR Part 
270) 

Regulatory 
Citation(s) 
20.4.1.500 

NMAC 
(incorporating 

40 CFR Part 
264) Description of Requirement 

Concrete Overpack Container Storage Unit 

(Overpack Unit) Compliance 

Yes No N/A Comments 

 §264.175(a) Container storage areas must have 
a containment system that is 
designed and operated in 
accordance with paragraph (b) of 
this section, except as otherwise 
provided by paragraph (c) of this 
section. 

 The storage area is a steel reinforced 
concrete pad that is engineered to 
contain and collect any liquid spills 
from waste handling operations.  Floor 
drains and curbs will direct liquids to a 
collection tank for sampling.  The 
liquid collection system for the 
Overpack Unit consists of steel pipe 
leading from the unit low point (i.e., 
sump drain) to a sump.  The sump is 
constructed of metal or concrete.  The 
disposition of liquids collected in the 
sump is administratively controlled. 

The containers are within the concrete 
overpacks; therefore, they are kept 
from contact with standing liquids in 
the containment system. 

 §264.175(b)(1) A base must underline the 
containers which is free of cracks 
or gaps and is sufficiently 
impervious to contain leaks, spills, 
and accumulated precipitation until 
the collected material is detected 
and removed; 

 The storage area is a steel reinforced 
concrete pad that is engineered to 
contain and collect any liquid spills 
from waste handling operations.  Floor 
drains and curbs will direct liquids to a 
collection tank for sampling.  The 
liquid collection system for the 
Overpack Unit consists of steel pipe 
leading from the unit low point (i.e., 
sump drain) to a sump.  The sump is 
constructed of metal or concrete.  The 
disposition of liquids collected in the 
sump is administratively controlled. 

The containers are within the concrete 
overpacks; therefore, they are kept 
from contact with standing liquids in 
the containment system. 

 §264.175(b)(2) The base must be sloped or the 
containment system must be 
otherwise designed and operated 
to drain and remove liquids 
resulting from leaks, spills, or 
precipitation, unless the containers 
are elevated or otherwise protected 
from contact with accumulated 
liquids; 

 The storage area is a steel reinforced 
concrete pad that is sloped and 
engineered to contain and collect any 
liquid spills from waste handling 
operations.  Floor drains and curbs 
will direct liquids to a collection tank 
for sampling.  The liquid collection 
system for the Overpack Unit consists 
of steel pipe leading from the unit low 
point (i.e., sump drain) to a sump.  
The sump is constructed of metal or 
concrete.  The disposition of liquids 
collected in the sump is 
administratively controlled. 

The containers are within the concrete 
overpacks; therefore, they are kept 
from contact with standing liquids in 
the containment system. 
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Regulatory Framework for Hazardous Waste Containers & Hazardous Waste Container Storage Units 

Regulatory 
Citation(s) 
20.4.1.900 

NMAC 
(incorporating 

40 CFR Part 
270) 

Regulatory 
Citation(s) 
20.4.1.500 

NMAC 
(incorporating 

40 CFR Part 
264) Description of Requirement 

Concrete Overpack Container Storage Unit 

(Overpack Unit) Compliance 

Yes No N/A Comments 

 §264.175(b)(3) The containment system must have 
sufficient capacity to contain 10% 
of the volume of containers or the 
volume of the largest container, 
whichever is greater.  Containers 
that do not contain free liquids need 
not be considered in this 
determination; 

  Liquid waste is not acceptable at the 
WIPP facility.  No containers will have 
more than 1% observable liquid. 

The storage area is a steel reinforced 
concrete pad with an eight inch berm 
that is engineered to prevent run-on 
and to contain and collect any liquid 
spills from waste handling operations.  
The concrete pad is raised above the 
surrounding surface. Floor drains and 
curbs will direct liquids to a collection 
tank for sampling.  The liquid 
collection system for the Overpack 
Unit consists of steel pipe leading 
from the unit low point (i.e., sump 
drain) to a sump.  The sump is 
constructed of metal or concrete.  The 
disposition of liquids collected in the 
sump is administratively controlled. 

The containers are within the concrete 
overpacks; therefore, they are kept 
from contact with standing liquids in 
the containment system. 

 §264.175(b)(4) Run-on into the containment 
system must be prevented unless 
the collection system has sufficient 
excess capacity in addition to that 
required in paragraph (b)(3) of this 
section to contain any run-on which 
might enter the system; and 

 The storage area is a steel reinforced 
concrete pad with a berm that will 
prevent run-on. The nominal 
dimensions of the berm are 8 inches 
high and 12 inches wide. Furthermore, 
the waste containers are within the 
concrete overpacks; therefore, they 
are kept from contact with run-on that 
may overtop the concrete berm and 
standing liquids in the containment 
system.  

 §264.175(b)(5) Spilled or leaked waste and 
accumulated precipitation must be 
removed from the sump or 
collection area in a timely manner 
as is necessary to prevent overflow 
of the collection system. 

 The storage area is a steel reinforced 
concrete pad that is engineered to 
contain and collect any liquid spills 
from waste handling operations.  Floor 
drains and curbs will direct liquids to a 
collection tank for sampling.  The 
liquid collection system for the 
Overpack Unit consists of steel pipe 
leading from the unit low point (i.e., 
sump drain) to a sump.  The sump is 
constructed of metal or concrete.  The 
disposition of liquids collected in the 
sump is administratively controlled 
using WIPP standard operating 
procedures. 

 

The containers are within the concrete 
overpacks; therefore, they are kept 
from contact with standing liquids in 
the containment system. 
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Regulatory Framework for Hazardous Waste Containers & Hazardous Waste Container Storage Units 

Regulatory 
Citation(s) 
20.4.1.900 

NMAC 
(incorporating 

40 CFR Part 
270) 

Regulatory 
Citation(s) 
20.4.1.500 

NMAC 
(incorporating 

40 CFR Part 
264) Description of Requirement 

Concrete Overpack Container Storage Unit 

(Overpack Unit) Compliance 

Yes No N/A Comments 

 §264.175(c)(1) The storage area is sloped or 
otherwise designed and operated 
to drain and remove liquid resulting 
from precipitation, or 

  The storage area is a steel reinforced 
concrete pad that is engineered to 
contain and collect any liquid spills 
from waste handling operations.  Floor 
drains and curbs will direct liquids to a 
collection tank for sampling.  The 
liquid collection system for the 
Overpack Unit consists of steel pipe 
leading from the unit low point (i.e., 
sump drain) to a sump.  The sump is 
constructed of metal or concrete.  The 
disposition of liquids collected in the 
sump is administratively controlled. 

The containers are within the concrete 
overpacks; therefore, they are kept 
from contact with standing liquids in 
the containment system. 

 §264.175(c)(2) The containers are elevated or 
otherwise protected from contact 
with accumulated liquid. 

  The containers are within the concrete 
overpacks; therefore, they are kept 
from contact with standing liquids in 
the containment system. 

 §264.175(d)(1) Storage areas that store containers 
holding the wastes listed below that 
do not contain free liquids must 
have a containment system defined 
by paragraph (b) of this section: (1) 
F020, F021, F022, F023, F026, and 
F027. 

  These F listed EPA Hazardous Waste 
Numbers do not apply (i.e. these are 
not Permitted at the WIPP facility). 

The storage area is a steel reinforced 
concrete pad that is engineered to 
contain and collect any liquid spills 
from waste handling operations.  Floor 
drains and curbs will direct liquids to a 
collection tank for sampling.  The 
liquid collection system for the 
Overpack Unit consists of steel pipe 
leading from the unit low point (i.e., 
sump drain) to a sump.  The sump is 
constructed of metal or concrete.  The 
disposition of liquids collected in the 
sump is administratively controlled. 

The containers are within the concrete 
overpacks; therefore, they are kept 
from contact with standing liquids in 
the containment system. 

 

2. 20.4.1.900 NMAC, incorporating 40 CFR §270.42(c)(1)(ii), requires the applicant to 
identify that the modification is a Class 3 modification. 

The current WIPP facility container storage capacity includes two permitted storage units: the 
WHB Unit and the Parking Area Unit.  The WHB Unit is permitted for up to 6,854 cubic feet of 
TRU mixed waste and the Parking Area Unit is permitted for up to 6,734 cubic feet of TRU 
mixed waste for a total facility storage capacity of 13,588 cubic feet of TRU mixed waste. 
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20.4.1.900, incorporating 40 CFR §270.42, Appendix I, Item F.1.a states that a modification or 
addition of container units resulting in greater than a 25% increase in the facility container 
storage capacity meets the definition of a Class 3 PMR. 

Twenty-five percent of the WIPP facility storage capacity = (0.25) × (13,588 cubic feet) = 3,397 
cubic feet 

The proposed action will add 65,280 cubic feet of TRU mixed waste to the WIPP facility 
container storage capacity, which is greater than a 25% increase in the current storage 
capacity; therefore, this modification is a Class 3. 

3. 20.4.1.900 NMAC, incorporating 40 CFR §270.42(c)(1)(iii), requires the applicant to 
explain why the modification is needed. 

The new AGSC project will add the capability to store TRU mixed waste on the surface prior to 
disposal in the underground.  This will enhance the DOE capability to manage TRU mixed 
waste by limiting interruptions in shipping activities when it is necessary to stop emplacement 
activities at the WIPP facility for maintenance or other event that delays waste emplacement.  
Storage will be accomplished using concrete overpacks placed in the Overpack Unit. 

Upon completion of the AGSC project, the Permittees will have the capability and space to store 
up to 136 CH TRU mixed waste shipments (i.e., eight weeks of CH TRU mixed waste shipments 
at 17 shipments per week) for up to one year.  Eight weeks was used because this was the 
approximate duration of previously planned maintenance outages at the facility.  The volume 
requested is based on the nominal volume of the TDOP (160 cubic feet [4.5 cubic meters]) 
pursuant to Permit Part 3, Section 3.3.1.3.  The TDOP overpack volume is used because it is 
the largest container that will be stored in a concrete overpack.  The following summarizes how 
the proposed volume was calculated:  

8 weeks × 17 shipments/week × 3 CH packages/shipment × 160 cubic feet/TDOP × 1 
TDOP/package = 65,280 cubic feet [1,836 cubic meters] 

This additional CH TRU mixed waste storage capacity includes RH waste in shielded containers 
that is managed and stored as CH waste pursuant to Permit Part 3, Section 3.3.1.8.  Because 
the shielded containers are managed and stored as CH TRU mixed waste pursuant to the 
Permit Part 3, Section 3.3.1.8, no special provisions are required or proposed for storing 
shielded containers in concrete overpacks. 

Increased storage capabilities (increased volume and one-year storage time) through the 
lifetime of WIPP facility would effectively manage and refine operational and support capabilities 
for TRU mixed waste shipments and disposal operations with the following outcomes: 

 Continued CH TRU mixed waste receipt during normal operational variability including 
short-term maintenance outages; 

 Allowing for optimization of CH TRU mixed waste emplacement activities; 

 Allowing the storage and management of CH TRU mixed waste for inventory and 
material at risk considerations. 
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The one-year storage time is needed to optimize CH TRU mixed waste emplacement activities 
as described above.  The one-year storage time is typical of RCRA Treatment Storage and 
Disposal facilities pursuant to 20.4.1.800 NMAC, incorporating 40 CFR §268.50. 

Changes to the Permit Attachment B, Hazardous Waste Permit Application for Part A, are 
needed to reflect the proposed Overpack Unit. 

The change to Permit Attachment A1, Section A1-1d and Attachment D, Section D-1f to remove 
the requirements to stop shipments “in any event which results in an interruption to normal 
waste handling operations that exceeds three days” is being made because the Overpack Unit 
will provide sufficient storage capacity to accommodate this type of event/interruption. 

Changes are being made to Permit Attachment G, Closure Plan including Table G-2, 
Anticipated Overall Schedule for Closure Activities, to ensure that the proposed Overpack Unit 
is addressed upon facility closure.  Note however, that the dates in the schedule are not being 
updated at this time.  Updates will be included in a future PMR. 

4. 20.4.1.900 NMAC (incorporating 40 CFR §270.42(c)(1)(iv)), requires the applicant to 
provide the applicable information required by 40 CFR §§270.13 through 270.22, 
270.62, 270.63, and 270.66. 

The regulatory crosswalk describes those portions of the Permit that are affected by this PMR.  
Where applicable, regulatory citations in this reference Title 20, Chapter 4, Part 1, NMAC, 
revised March 1, 2009, incorporating the CFR, Title 40 (40 CFR Parts 264 and 270).  Title 40 
CFR §§270.16 through 270.22, 270.62, 270.63 and 270.66 are not applicable at the WIPP.  
Consequently, they are not listed in the regulatory crosswalk table. 

5. 20.4.1.900 NMAC (incorporating 40 CFR §270.11[d][1] and 40 CFR §270.30[k]), 
requires any person signing under paragraphs a and b must certify the document 
in accordance with 20.4.1.900 NMAC. 

The transmittal letter for this PMR contains the signed certification statement in accordance with 
Permit Part 1, Section 1.9. 
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Regulatory Crosswalk 

Regulatory 
Citation(s) 

20.4.1.900 NMAC 
(incorporating 40 

CFR Part 270) 

Regulatory 
Citation(s) 

20.4.1.500 NMAC 
(incorporating 40 

CFR Part 264) 

Description of Requirement 

Added or Clarified Information

Section of the 
WIPP Permit 

Yes No 

§270.13  Contents of Part A permit application Attachment B, 

Part A  
§270.14(b)(1)  General facility description Attachment A  
§270.14(b)(2) §264.13(a) Chemical and physical analyses Attachment C   
§270.14(b)(3) §264.13(b) Development and implementation of 

waste analysis plan 
Attachment C  

 
 §264.13(c) Off-site waste analysis requirements Attachment C   
§270.14(b)(4) §264.14(a-c) Security procedures and equipment Part 2.6  
§270.14(b)(5) §264.15(a-d) General inspection requirements Attachment E  
 §264.174 Container inspections Attachment E  
§270.23(a)(2) §264.602 Miscellaneous units inspections Attachment E  
§270.14(b)(6)  Request for waiver from 

preparedness and prevention 
requirements of Part 264 Subpart C 

NA 

 
§270.14(b)(7) 264 Subpart D Contingency plan requirements  Attachment D  
 §264.51 Contingency plan design and 

implementation 
Attachment D 

 
 §264.52 (a) & (c-f) Contingency plan content Attachment D  
 §264.53 Contingency plan copies Attachment D  
 §264.54 Contingency plan amendment Attachment D  
 §264.55 Emergency coordinator Attachment D  
 §264.56 Emergency procedures Attachment D  
§270.14(b)(8)  Description of procedures, structures 

or equipment for: 
Part 2.10 

 
§270.14(b)(8) 

(i) 

 Prevention of hazards in unloading 
operations (e.g., ramps and special 
forklifts) 

Part 2.10 

 
§270.14(b)(8) 

(ii) 

 Runoff or flood prevention (e.g., 
berms, trenches, and dikes) 

Part 2.10 

 
§270.14(b)(8) 

(iii) 

 Prevention of contamination of water 
supplies 

Part 2.10 

 
§270.14(b)(8) 

(iv) 

 Mitigation of effects of equipment 
failure and power outages 

Part 2.10 

 
§270.14(b)(8) 

(v) 

 Prevention of undue exposure of 
personnel (e.g., personal protective 
equipment) 

Part 2.10 

 
§270.14(b)(8) 

(vi) 

§270.23(a)(2) 

§264.601 Prevention of releases to the 
atmosphere 

Part 4 

Attachment A2 

Attachment N  
 264 Subpart C Preparedness and Prevention Part 2.10  
 §264.31 Design and operation of facility Part 2.10  
 §264.32 Required equipment Part 2.10 

Attachment D  
 §264.33 Testing and maintenance of 

equipment 
Attachment E 

 
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Regulatory 
Citation(s) 

20.4.1.900 NMAC 
(incorporating 40 

CFR Part 270) 

Regulatory 
Citation(s) 

20.4.1.500 NMAC 
(incorporating 40 

CFR Part 264) 

Description of Requirement 

Added or Clarified Information

Section of the 
WIPP Permit 

Yes No 

 §264.34 Access to communication/alarm 
system 

Part 2.10 
 

 §264.35 Required aisle space Part 2.10  
 §264.37 Arrangements with local authorities Attachment D  
§270.14(b)(9) §264.17(a-c) Prevention of accidental ignition or 

reaction of ignitable, reactive, or 
incompatible wastes 

Part 2.10 

 
§270.14(b) 

(10) 

 Traffic pattern, volume, and controls, 
for example: 

Identification of turn lanes 

Identification of traffic/stacking lanes, 
if appropriate 

Description of access road surface 

Description of access road load-
bearing capacity 

Identification of traffic controls 

Attachment A4 

 
§270.14(b) 

(11)(i) and (ii) 

§264.18(a) Seismic standard applicability and 
requirements 

Part B, Rev. 6 

Chapter B  
§270.14(b) 

(11)(iii-v) 

§264.18(b) 100-year floodplain standard Part B, Rev. 6 

Chapter B  
 §264.18(c) Other location standards Part B, Rev. 6 

Chapter B  
§270.14(b) 

(12) 

§264.16(a-e) Personnel training program Part 2 

Attachment F  
§270.14(b) 

(13) 

264 Subpart G Closure and post-closure plans Attachment G & H 

 
§270.14(b)(13) §264.111 Closure performance standard Attachment G  
§270.14(b)(13) §264.112(a), (b) Written content of closure plan Attachment G  
§270.14(b)(13) §264.112(c) Amendment of closure plan Attachment G  
§270.14(b)(13) §264.112(d) Notification of partial and final 

closure 
Attachment G 

 
§270.14(b)(13) §264.112(e) Removal of wastes and 

decontamination/dismantling of 
equipment 

Attachment G 

 
§270.14(b)(13) §264.113 Time allowed for closure Attachment G  
§270.14(b)(13) §264.114 Disposal/decontamination Attachment G  
§270.14(b)(13) §264.115 Certification of closure Attachment G  
§270.14(b)(13) §264.116 Survey plat Attachment G  
§270.14(b)(13) §264.117 Post-closure care and use of 

property 
Attachment H 

 
§270.14(b)(13) §264.118 Post-closure plan; amendment of 

plan 
Attachment H 

 
§270.14(b)(13) §264.178 Closure/ 

containers 

Attachment G 

 
§270.14(b)(13) §264.601 Environmental performance 

standards-Miscellaneous units 
Attachment G 

 
§270.14(b)(13) §264.603 Post-closure care Attachment G  
§270.14(b)(14) §264.119 Post-closure notices  Attachment H  
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Regulatory 
Citation(s) 

20.4.1.900 NMAC 
(incorporating 40 

CFR Part 270) 

Regulatory 
Citation(s) 

20.4.1.500 NMAC 
(incorporating 40 

CFR Part 264) 

Description of Requirement 

Added or Clarified Information

Section of the 
WIPP Permit 

Yes No 

§270.14(b)(15) 

 

§264.142 Closure cost estimate  NA 

 
 §264.143 Financial assurance  NA  
§270.14(b)(16) §264.144 Post-closure cost estimate  NA  
 §264.145 Post-closure care financial 

assurance  
NA 

 
§270.14(b)(17) §264.147 Liability insurance  NA  
§270.14(b)(18) §264.149-150 Proof of financial coverage  NA  
§270.14(b)(19)(i), 
(vi), (vii), and (x) 

 Topographic map requirements 

Map scale and date 

Map orientation 

Legal boundaries 

Buildings 

Treatment, storage, and disposal 
operations 

Run-on/run-off control systems 

Fire control facilities 

Attachment B 

Part A 

 
§270.14(b)(19)(ii) §264.18(b) 100-year floodplain Attachment B 

Part A  
§270.14(b)(19)(iii)  Surface waters Attachment B 

Part A  
§270.14(b)(19)(iv)  Surrounding Land use Attachment B 

Part A  
§270.14(b)(19)(v)  Wind rose Attachment B 

Part A  
§270.14(b)(19)(viii) §264.14(b) Access controls Attachment B 

Part A  
§270.14(b)(19)(ix)  Injection and withdrawal wells Attachment B 

Part A  
§270.14(b)(19)(xi)  Drainage on flood control barriers Attachment B 

Part A  
§270.14(b)(19)(xii)  Location of operational units Attachment B 

Part A  
§270.14(b)(20)  Other federal laws 

Wild and Scenic Rivers Act 

National Historic Preservation Act 

Endangered Species Act 

Coastal Zone Management Act 

Fish and Wildlife Coordination Act 

Executive Orders 

Attachment B 

Part A 

 
§270.15 §264 Subpart I Containers Attachment A1  
 §264.171 Condition of containers Attachment A1  
 §264.172 Compatibility of waste with 

containers 
Attachment A1 

 
 §264.173 Management of containers Attachment A1  
 §264.174 Inspections Attachment E 

Attachment A1  
§270.15(a) §264.175 Containment systems Attachment A1  
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Regulatory 
Citation(s) 

20.4.1.900 NMAC 
(incorporating 40 

CFR Part 270) 

Regulatory 
Citation(s) 

20.4.1.500 NMAC 
(incorporating 40 

CFR Part 264) 

Description of Requirement 

Added or Clarified Information

Section of the 
WIPP Permit 

Yes No 

§270.15(c) §264.176 Special requirements for ignitable or 
reactive waste 

Part 2 
 

§270..15(d) §264.177 Special requirements for 
incompatible wastes 

Part 2 
 

 §264.178 Closure Attachment G  
§270.15(e) §264.179 Air emission standards Part 4 

Attachment N  
§270.23 264 Subpart X Miscellaneous units Attachment A2 

Attachment O  
§270.23(a) §264.601 Detailed unit description Attachment A2 

Attachment O  
§270.23(b) §264.601 Hydrologic, geologic, and 

meteorologic assessments 
Part 5 

Attachment L  
§270.23(c) §264.601 Potential exposure pathways Part 4 

Attachment A2 

Attachment N  
§270.23(d)  Demonstration of treatment 

effectiveness 
NA 

 
 §264.602 Monitoring, analysis, inspection, 

response, reporting, and corrective 
action 

Part 2 

Part 4 

Part 5 

Attachment A2 

Attachment N 

Attachment O  
 §264.603 Post-closure care Attachment H 

Attachment H1  
 264 Subpart E Manifest system, record keeping, 

and reporting 
Part 2 

Attachment C  
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Appendix A 
Table of Changes



A-2 

Table of Changes 

Affected Permit Section Explanation of Change Page Number 

Part 3, Section 3.1. Delete “and” after Building and added “, and Concrete 
Overpack” after Parking Area. 

B-2 

Part 3, Section 3.1.1. Table 
3.1.1 

Added note to table to clarify possible combinations of 
container configurations with an asterisk indicator in the 
heading row in the “Container Equivalent” column.  

Added “or any combination of the above with loaded concrete 
overpacks not to exceed a total of 4 loaded concrete 
overpacks” to the CH Bay Storage Area row in the Container 
Equivalent column. 

B-2 

Part 3, Section 3.1.1.5. Added “and Storage in Concrete Overpacks” to the heading. 

Added “or inside closed concrete overpacks as described in 
Permit Attachment A1” to end of paragraph. 

B-3 

Part 3, Section 3.1.1.8. Added “or concrete overpacks” after pallets. B-3 

Part 3, Section 3.1.3. Added new section “3.1.3. Concrete Overpack Container 
Storage Unit” describing the concrete overpack container 
storage unit. 

B-3 

Part 3, Section 3.6. Replaced “and” with “, the” after WHB Unit and added “, and 
the Overpack Unit” after Area Unit. 

B-5 

Part 3, Section 3.7. Replaced “and” with “, the” after WHB Unit and added “, and 
the Overpack Unit” after Area Unit. 

B-5 

Part 3, Section 3.7.3. Added new section “3.7.3 Inspection of Closed Concrete 
Overpacks” describing inspection of concrete overpacks. 

B-5 

Part 3 Table of Contents Added entries for new Sections 3.1.3., 3.1.3.1., 3.1.3.2., 
3.1.3.3., 3.1.3.4., 3.1.3.5., 3.1.3.6. and 3.7.3. 

B-6 

Part 6, Section 6.9. Replaced “and” with “, the” after WHB Unit and added “, and 
the Overpack Unit” after Area Unit. 

B-8 

Attachment A, A-3 Replaced “34.16” with “approximately 40” after encompasses. B-9 

Attachment A, A-4 Replaced “two” with “three” in two places 

Added “The third area designated for managing and storing 
TRU mixed waste is the Concrete Overpack Container Storage 
Unit (Overpack Unit), an outside container storage area which 
extends south from the rail siding. The Overpack Unit provides 
storage space for loaded concrete overpacks on a steel 
reinforced concrete pad.” after concrete surface. 

Replaced “and” with “,” after WHB Unit and added “, and the 
Overpack Unit” after Area Unit. 

B-9 

Attachment A1, Table of 
Contents 

Added entries for new Sections A1-1c(3) and A1-1e(3). B-10 

Attachment A1, List of 
Figures 

Added entries for new Figures A1-38 and A1-39 B-11 

Attachment A1, Introduction Deleted “and” after (Figure A1-1), and added “, and the 
Concrete Overpack Container Storage Unit (Overpack Unit) 
(Figure A1-38)” after (Figure A1-2). 

B-13 

Attachment A1, A1-1c Added new section “A1-1c(3) Concrete Overpack Container 
Storage Unit (Overpack Unit) describing the overpack unit. 

B-13 

Attachment A1, A1-1d Replaced “Shipments” with “The Overpack Unit will allow the B-13 
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Affected Permit Section Explanation of Change Page Number 

Permittees to continue shipments” at start of paragraph after 
bullets.  

Added “until the Overpack Unit reaches its capacity at which 
time shipments” after generator sites. 

Deleted “in any event which results in an interruption to normal 
waste handling operations that exceeds three days” 

Attachment A1, A1-1d(4) Replaced “on” to “onto either” and added “for downloading to 
the underground or they are placed into a concrete overpack 
for storage in the Overpack Unit” after the word pallet. 

B-14 

Attachment A1, A1-1e(2) Deleted the sentence “The DOE will stop shipments of waste 
for any equipment outage that will extend beyond three days.” 
at the end of the paragraph. 

B-14 

Attachment A1, A1-1e(3) Added new section describing the inspection requirements of 
the Overpack Unit. 

B-14 

Attachment A1, A1-1f(2) Added new heading and paragraph describing how containers 
are stored inside of the Overpack Unit. 

B-15 

Attachment A1, A1-1i Added a third paragraph “In the Overpack Unit, the containers 
of TRU mixed waste are always in closed concrete overpacks 
on a concrete/berm pad which protect them from precipitation 
and run on. Therefore, the WIPP container storage unit will 
comply with the requirements of 20.4.1.500 NMAC 
(incorporating 40 CFR §264.175(b)(4)).” 

B-15 

Attachment A1, Table A1-2 Added “46,100 lbs. (Concrete overpack forklift)” to second 
column of row for surface forklifts. 

Added row with “Concrete overpack with lid” in first column 
and “46,100 lbs.” in second column. 

Added row with “Concrete overpack with lid” in first column 
and “32,100 lbs.” in second column. 

B-16 

Attachment A1, Figure A1-
38 

Added new figure showing a Concrete Overpack Container 
Storage Unit. 

B-17 

Attachment A1, Figure A1-
39 

Added new figure showing a Typical Concrete Overpack. B-18 

Attachment A2-2b Replaced “on” to “onto either” and added “for downloading to 
the underground or they will be placed into a concrete 
overpack for storage in the Overpack Unit. If the waste 
containers are placed onto a facility pallet, each stack of waste 
containers will be secured prior to transport underground (see 
Figure A2-3)” after pallet in first paragraph. 

Deleted “Each stack of waste containers will be secured prior 
to transport underground (see Figure A2-3).” in first paragraph. 

Added two paragraphs to A2-2b describing the basic 
operations for the Overpack Unit storage area. 

B-19 

Attachment A2, Table A2-1 Added row with “Concrete overpack forklift” in first column and 
“46,100 lbs.” in second column. 

Added row with “Concrete overpack with lid” in first column 
and “46,100 lbs.” in second column. 

Added row with “Concrete overpack with lid” in first column 
and “32,100 lbs.” in second column. 

B-22 

Attachment A2, Figure A2-
12 

Updated both pages of this figure to show the updated process 
for mixed waste. 

B-23 
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Affected Permit Section Explanation of Change Page Number 

Attachment A4, Table of 
Contents 

Added entry for “A4-5 Concrete Overpack Container Storage 
Unit Traffic” to the Table of Contents. 

B-26 

Attachment A4, List of 
Figures 

Added two new entries for “Figure A4-8 Waste Transport 
Routes in WHB – Concrete Overpack Loading and Unloading” 
and “Figure A4-9 Waste Transport Routes Designated for the 
Concrete Overpack Container Storage Unit” to the List of 
Figures. 

B-27 

Attachment A4, A4-5 Added new section A4-5 describing the “Concrete Overpack 
Container Storage Unit Traffic” 

B-28 

Attachment A4, Figures Added two new figures “Figure A4-8 Waste Transport Routes 
in WHB – Concrete Overpack Loading and Unloading” and 
“Figure A4-9 Waste Transport Routes Designated for the 
Concrete Overpack Container Storage Unit”. 

B-29 and B-30 

Attachment B, Table of 
Contents 

Added new entry “Figure B3-5 Concrete Overpack Container 
Storage Unit” to Table of Contents. 

B-31 

Attachment B, Part A Replaced “two” with “three” in third paragraph under 7. 
Processes—Codes and Design Capacities. 

Added “The third S01 HWMU is the Concrete Overpack 
Container Storage Unit south of the rail siding where closed 
concrete overpacks will be stored awaiting waste handling 
operations. The capacity of this S01 unit is 1,821 m3, based on 
1 TDOP stored in one each of 408 concrete overpacks.” to 
third paragraph under 7. Processes—Codes and Design 
Capacities. 

Deleted “and” and added “, and B3-5” to end of third 
paragraph. 

B-32 

Attachment B, Figure B2-2 Replaced figure to a more legible figure and extended the 
Property Protection Area 

B-33 

Attachment B, Figure B2-2a Replaced figure to a more legible figure and replaced “35” with 
“40” in Note 1 

B-35 

Attachment B, Figure B3-5 Added new figure “Figure B3-5 Concrete Overpack Container 
Storage Unit” 

B-37 

Attachment D, D-1e Deleted the sentence “These areas are being permitted as 
container storage units.” 

Added “The Concrete Overpack Container Storage Unit, south 
of the rail siding, will be used for storage of waste in closed 
concrete overpacks.  This area is a container storage unit.  
The closed concrete overpacks provide secondary 
containment in this HWMU. 

B-38 

Attachment D, D-1f Deleted section in its entirety. B-38 

Attachment E, E1-b(1) Made the following changes to the first paragraph. Added “and 
the Concrete Overpack Container Storage Unit” in two places. 
Added “or loaded concrete overpacks” in four places. Added 
the word “either” in one place. Added “and inspections of the 
loaded concrete overpacks” in one place. 

Replaced “and” with “, the” after Area Unit and added “, and 
the Overpack Unit” after WHB Unit in second paragraph. 

B-39 

Attachment E, Table E-1 Added “Concrete Overpack Container Storage Unit” and 
“Concrete Overpack” to System/Equipment Name with its 
associated details. 

B-40 



A-5 

Affected Permit Section Explanation of Change Page Number 

Attachment E, Table E-1 Added “the Overpack Unit,” to note designator k under 
Inspection Schedule/Procedures Notes. 

B-40 

Attachment F1, Job 
Descriptions 

Added “store”, “concrete overpacks” and “including placing 
waste in and removing waste from concrete overpacks” to the 
Duties of a TRU Mixed Waste Handler 

B-41 

Attachment G, Introduction Replaced “and” with “,” and added “, and the Concrete 
Overpack Container Storage Unit (Overpack Unit)” in the first 
paragraph. 

Added “the Overpack Unit” in two places in both paragraphs of 
the Introduction. 

B-42 

Attachment G-1 Replaced “and” with “,” in two places, added “and the 
Overpack Unit” in one place and added ‘, and Overpack Unit” 
in one place. 

B-42 

Attachment G-1a(1) Replaced “and” with “,” and added “and the Overpack Unit B-42 

Attachment G-1b Replaced “and in” with “,” and added “, and in the Overpack 
Unit” 

B-43 

Attachment G-1c Deleted “and” and added “, and the Overpack Unit” in second 
paragraph. 

B-43 

Attachment G-1e(2)(b) Added “, soil in the Overpack Unit” B-44 

Attachment G, Table G-2 Replaced “both” with “the” in three places in the table. B-45 

Attachment J, List of Tables Added entry for new table “Table J-3 Concrete Overpack 
Container Storage Unit and renumbered “Table J-3” to “Table 
J-4” in the List of Tables. 

B-46 

Attachment J Added new table “Table J-3 Concrete Overpack Container 
Storage Unit” and renumbered “Table J-3” to “Table J-4” 

B-47 
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Appendix B 
Proposed Revised Permit Text 



B-2 

PART 3 - CONTAINER STORAGE 

3.1 DESIGNATED CONTAINER STORAGE UNITS 

This Part authorizes the storage and management of transuranic (TRU) mixed waste containers 
in the Waste Handling Building, and Parking Area, and Concrete Overpack Container Storage 
Units described below. Specific facility and process information for the storage and management 
of TRU mixed waste in these Container Storage Units is incorporated in Permit Attachment A1 
(Container Storage). 

Table 3.1.1 - WHB Unit 

Description Area Maximum 
Capacity 

Container 
Equivalent* 

CH Bay Storage 
Area 

32,307ft2 

(3,001 m2) 
4,800 ft3 

(135.9 m3) 
13 loaded facility 
pallets and 4 CH 
Packages at the 
TRUDOCKS or any 
combination of the 
above with loaded 
concrete overpacks not 
to exceed a total of 4 
loaded concrete 
overpacks 

CH Bay Surge 
Storage Area 

included in CH 
Bay Storage Area

1,600 ft3 
(45.3 m3) 

5 loaded facility pallets 

Derived Waste 
Storage Area 

included in CH 
Bay Storage Area

66.3 ft3 
(1.88 m3) 

1 Standard Waste Box 

Total for CH 
Waste 

32,307 ft2 
(3,001 m2) 

6,466.3 ft3 
183.1 m3 

 

RH Bay 12,552 ft2 
(1,166 m2) 

156 ft3 
(4.4 m3) 

2 loaded casks and 1 
drum of derived waste 

Cask Unloading 
Room 

382 ft2 
(36 m2) 

74 ft3 
(2.1 m3) 

1 loaded cask 

Hot Cell 1,841 ft2 
(171 m2) 

94.9 ft3 
(2.7 m3) 

12 drums and 1 drum of 
derived waste 

Transfer Cell 1,003 ft2 
(93 m2) 

31.4 ft3 
(0.89 m3) 

1 canister 

Facility Cask 
Loading Room 

1,625 ft2 
(151 m2) 

31.4 ft3 
(0.89 m3) 

1 canister 

Total for RH 
Waste 

17,403 ft2 
(1,617 m2) 

387.7 ft3 
(11.0 m3) 
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Facility Total 49,710 ft2 
(4,618 m2) 

6,854 ft3 
(194.1 m3) 

 

*The container equivalent listed for CH Bay Storage Area are examples of possible 
combinations of container configurations.  This is not an exhaustive list and other 
container combinations are possible. 

 

3.1.1.5 Storage on Pallets and Storage in Concrete Overpacks 

The Permittees shall store TRU mixed waste containers unloaded from 
the Contact-Handled Packages (TRUPACT-II, HalfPACT, or 
TRUPACT III shipping containers) on pallets in the WHB Unit, as 
described in Permit Attachment A1, Section A1-1c(1), or inside closed 
concrete overpacks as described in Permit Attachment A1. 

 

3.1.1.8 Minimum Aisle Space 

The Permittees shall maintain a minimum aisle space of 44 inches (1.1 
m) between facility pallets or concrete overpacks in the CH Bay of the 
WHB Unit. The Permittees shall maintain adequate aisle space of 44 
inches (1.1 m) between loaded casks in the RH Bay of the WHB Unit. 
For other locations within the RH Complex, sufficient aisle space will 
be maintained to assure that emergency equipment can be accessed or 
moved to the necessary locations. 

 

3.1.3 Concrete Overpack Container Storage Unit 

The Concrete Overpack Container Storage Unit (Overpack Unit) is a concrete 
surface extending south of the rail sidings, within the Controlled Area. The 
storage area is a steel reinforced concrete pad that is engineered to contain and 
collect any liquid spills from waste handling operations. Floor drains and curbs 
will direct liquids to a collection tank for sampling as needed. The storage area 
will also be configured to provide safe drive-through access for forklifts handling 
concrete overpacks. Provisions shall be made to direct rainwater from the sample 
tank directly to the site settling pond when there is no concrete overpack 
transport, handling, or storage activity on the Overpack Unit. A fire water line 
shall be provided to feed approximately 500 gallons per minute to a fire hydrant. 
The Overpack Unit shall be enclosed by chain link fence. The Overpack Unit 
shall comprise a surface area of no more than 96,490 ft2 (8,964 m2), as depicted in 
Permit Attachment A1, Figure A1-38. 
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The Permittees may store and manage TRU mixed waste in the Overpack Unit, 
provided the Permittees comply with the following conditions: 

3.1.3.1 Storage Containers 

The Permittees shall store TRU mixed waste in containers specified in 
Permit Section 3.3.1 and only those listed in Permit Sections 3.3.1.1 
Standard 55-gallon (208-liter) Drum; 3.3.1.2, Standard Waste Box 
(SWB); 3.3.1.3, Ten-drum Overpack (TDOP);  3.3.1.4., 85-gallon 
(322-liter) Drum; 3.3.1.5., 100-gallon (379-liter) Drum; and 3.3.1.8,  
Shielded Container. These TRU mixed waste containers shall be stored 
within concrete overpacks as described in Permit Attachment A1. 

3.1.3.2 Storage Locations and Quantities 

The Permittees shall store TRU mixed waste containers in any location 
within the Overpack Unit, as specified in Table 3.1.3 below. The 
Permittees may store quantities of TRU mixed waste containers within 
the Overpack Unit not to exceed the maximum capacities specified in 
Table 3.1.3 below. 

Table 3.1.3 - Overpack Unit 

Description Area Maximum 
Waste 

Capacity 

Container Equivalent 

Overpack Unit 96,490 ft2 
(8,964 m2) 

65,280 ft3 
(1,836 m3) 

408 loaded concrete overpacks 

 

 

3.1.3.3 Prohibition on Opening the Concrete Overpacks 

The Permittees shall keep the concrete overpacks closed at all times 
while in the Overpack Unit. Waste will be loaded and unloaded into 
the concrete overpacks in the WHB only. 

3.1.3.4 Storage Time Limit 

The Permittees shall not store TRU mixed waste containers in concrete 
overpacks for more than 365 days after the date the concrete overpack 
was loaded with TRU mixed waste containers. 

3.1.3.5 Minimum Aisle Space 

The Permittees shall maintain a minimum spacing of 4 ft. (1.2 m) 
between loaded concrete overpacks. 
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3.1.3.6 Marking 

Overpacks will be marked in accordance with Permit Part 3, Section 
3.7.2. 

 

3.6 CONTAINMENT SYSTEMS 

The Permittees shall maintain the secondary containment systems for all containers managed in 
the WHB Unit, and the Parking Area Unit, and the Overpack Unit as specified in Permit 
Attachment A1, Section A1-1f, and as required by 20.4.1.500 NMAC (incorporating 40 CFR 
§264.175). 

3.7 INSPECTION SCHEDULES AND PROCEDURES 

The Permittees shall inspect the WHB Unit, and the Parking Area Unit, and the Overpack Unit 
TRU mixed waste container storage and management areas at least weekly, in accordance with 
Permit Attachment E (Inspection Schedule, Process and Forms), Tables E-1 and E-1a, and 
Permit Attachment A1, Section A1-1e, to detect leaking containers and deterioration of 
containers and the containment system caused by corrosion and other factors, as required by 
20.4.1.500 NMAC (incorporating 40 CFR §264.174). 

 

3.7.3. Inspection of Closed Concrete Overpacks 

The Permittees shall not be required to inspect the contents of closed concrete 
overpacks stored in compliance with Permit Section 3.1.3 and Permit Attachment 
A1, Section A1-1e(3). 
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PART 6 – CLOSURE REQUIREMENTS 

6.9 CLOSURE OF PERMITTED CONTAINER STORAGE UNITS 

At closure of the WHB Unit, and the Parking Area Unit, and the Overpack Unit, the Permittees 
shall remove all hazardous waste and hazardous waste residues from the containment system, in 
accordance with the procedures in Permit Attachment G, as required by 20.4.1.500 NMAC 
(incorporating 40 CFR §§264.111 and 264.178). 
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ATTACHMENT A 

GENERAL FACILITY DESCRIPTION AND  
PROCESS INFORMATION 

A-3 Property Description 

The WIPP property has been divided into functional areas. The Property Protection Area (PPA), 
surrounded by a chain-link security fence, encompasses 34.16 approximately 40 acres and 
provides security and protection for all major surface structures. The DOE Off Limits Area 
encloses the PPA, and is approximately 1,454 acres. These areas define the DOE exclusion 
zone within which certain items and material are prohibited. The final zone is marked by the 
WIPP Site Boundary (WIPP Land Withdrawal Area), a 16-section Federal land area under the 
jurisdiction of the DOE. 

A-4 Facility Type 

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 
mixed waste from the surface to the underground. There are two three surface locations where 
TRU mixed waste is managed and stored. The first area is the Waste Handling Building (WHB) 
Container Storage Unit (WHB Unit) for TRU mixed waste management and storage. The WHB 
Unit consists of the WHB contact-handled (CH) Bay and the remote-handled (RH) Complex. 
The second area designated for managing and storing TRU mixed waste is the Parking Area 
Container Storage Unit (Parking Area Unit), an outside container storage area which extends 
south from the WHB to the rail siding. The Parking Area Unit provides storage space for up to 
50 loaded Contact-Handled Packages and 14 loaded Remote-Handled Packages on an asphalt 
and concrete surface. The third area designated for managing and storing TRU mixed waste is 
the Concrete Overpack Container Storage Unit (Overpack Unit), an outside container storage 
area which extends south from the rail siding. The Overpack Unit provides storage space for 
loaded concrete overpacks on a steel reinforced concrete pad. Part 3 of the permit authorizes 
the storage and management of CH and RH TRU mixed waste containers in these two three 
surface locations. The technical requirements of 20.4.1.500 NMAC (incorporating 40 CFR 
§§264.170 to 264.178) are applied to the operation of the WHB Unit, and the Parking Area Unit, 
and the Overpack Unit. Permit Attachment A1 describes the container storage units, the TRU 
mixed waste management facilities and operations, and compliance with the technical 
requirements of 20.4.1.500 NMAC. 
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ATTACHMENT A1 

CONTAINER STORAGE 

Introduction 

Management and storage of transuranic (TRU) mixed waste in the Waste Isolation Pilot Plant 
(WIPP) facility is subject to regulation under 20.4.1.500 NMAC. The technical requirements of 
20.4.1.500 NMAC (incorporating 40 CFR §§264.170 to 264.178 are applied to the operation of 
the Waste Handling Building Container Storage Unit (WHB Unit)(Figure A1-1), and the Parking 
Area Container Storage Unit (Parking Area Unit)(Figure A1-2), and the Concrete Overpack 
Container Storage Unit (Overpack Unit) (Figure A1-38). This Permit Attachment describes the 
container storage units, the TRU mixed waste management facilities and operations, and 
compliance with the technical requirements of 20.4.1 NMAC. The configuration of the WIPP 
facility consists of completed structures, including all buildings and systems for the operation of 
the facility. 

A1-1c Description of the Container Storage Units 

A1-1c(3) Concrete Overpack Container Storage Unit (Overpack Unit) 

The area south of the rail siding (see Figure A1-38) will be used for storage of TRU mixed waste 
containers within concrete overpacks. The Overpack Unit provides storage space for up to 
65,280 ft3 (1,836 m3) of TRU mixed waste, contained in up to 408 loaded engineered concrete 
overpacks. Secondary containment and protection of the waste containers from standing liquid 
are provided by the concrete overpacks. Concrete overpacks placed in the Overpack Unit will 
remain closed while in this area. The maximum residence time for waste stored in concrete 
overpacks is 365 days from the date TRU mixed waste containers were placed into the concrete 
overpack. 

The concrete overpacks are made of steel reinforced concrete with a removable concrete lid. 
They are designed to function as the secondary containment barrier when loaded with TRU 
mixed waste. Each concrete overpack is sized to hold up to fourteen (14) 55-gallon TRU mixed 
waste drums or equivalent sized TRU waste containers (i.e., 100-gallon drums, 85-gallon 
drums, SWBs, TDOPs or shielded containers). 

A1-1d Container Management Practices 

20.4.1.500 NMAC (incorporating 40 CFR §264.173) requires that containers be managed in a 
manner that does not result in spills or leaks. Containers are required to be closed at all times, 
unless waste is being placed in the container or removed. Because containers at the WIPP will 
contain radioactive waste, safety concerns require that containers be continuously vented to 
obviate the buildup of gases within the container. These gases could result from radiolysis, 
which is the breakdown of moisture by radiation. The vents, which are nominally 0.75 in. (1.9 
centimeters [cm]) in diameter, are generally installed on or near the lids of the containers. These 
vents are filtered so that gas can escape while particulates are retained. 

TRU mixed waste containers, containing off-site waste, are never opened at the WIPP facility. 
Derived waste containers are kept closed at all times unless waste is being added or removed. 
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Off-normal events could interrupt normal operations in the waste management process line. 
These off normal events fall into the following categories: 

 Waste management system equipment malfunctions 
 Waste shipments with unacceptable levels of surface contamination 
 Hazardous Waste Manifest discrepancies that are not immediately resolved 
 A suspension of emplacement activities for regulatory reasons 

The Overpack Unit will allow the Permittees to continue Shipments shipments of waste from the 
generator sites until the Overpack Unit reaches its capacity, at which time shipments will be 
stopped in any event which results in an interruption to normal waste handling operations that 
exceeds three days. 

A1-1d(4) Handling Waste in Shielded Containers 

Remote-Handled TRU mixed waste received at the WIPP facility in shielded containers will be 
managed, stored, and emplaced as CH TRU mixed waste using the CH TRU mixed waste 
handling equipment described in this Permit.  Shielded containers with RH TRU mixed waste 
will arrive by tractor-trailer at the WIPP facility in sealed HalfPACTs.  Prior to unloading the 
packages from the trailer, they will undergo security and radiological checks and shipping 
documentation reviews. Consistent with the handling of HalfPACT shipping packages in Section 
A1-1d(2), a forklift will remove the HalfPACT and transport it into the WHB and place the 
HalfPACT at either one of the two TRUDOCKs in the TRUDOCK Storage Area of the WHB Unit. 

An external survey of the HalfPACT ICV will be performed as the OCV lid is removed. The ICV 
lid or closure lid will be lifted under the VHS, and the contents will be surveyed during and after 
this process is complete. A description of the VHS and criteria that are applied if radiological 
contamination is detected are discussed in Section A1-1d(2).  

Shielded containers will be received as three-pack assemblies in HalfPACTs. An overhead 
bridge crane will be used to remove the contents of the shielded container assembly and place 
them onto either a facility pallet for downloading to the underground or into a concrete overpack 
for storage in the Overpack Unit. The containers will be visually inspected for physical damage 
(severe rusting, apparent structural defects, signs of pressurization, etc.) and leakage to ensure 
they are in good condition prior to storage. Waste containers will also be checked for external 
surface contamination. If a primary waste container is not in good condition, the Permittees will 
overpack the container, repair/patch the container in accordance with 49 CFR §173 and §178 
(e.g., 49 CFR §173.28), or return the container to the generator. 

A1-1e Inspections 

A1-1e(2) Parking Area Unit 

The DOE believes that this strategy minimizes both the amount of shipping that is necessary 
and the amount of waste handling, while maintaining a reasonable inspection schedule. The 
DOE will stop shipments of waste for any equipment outage that will extend beyond three days. 

A1-1e(3) Overpack Unit 

Inspections will be conducted in the Overpack Unit (Figure A1-3) at a frequency not less than 
once weekly when waste is present. These inspections are applicable to loaded, stored 
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concrete overpacks. Inspections of the concrete overpacks stored in the Overpack Unit will 
focus on the inventory (number of concrete overpacks present) and integrity of the concrete 
overpacks and the spacing between concrete overpacks. This spacing will be maintained at a 
minimum of four feet. 

A1-1f Containment 

A1-1f(2) Secondary Containment Description 

Derived Waste Storage Area 

The derived waste containers in the Derived Waste Storage Area will be stored on standard 
drum pallets, which provides approximately 50 gal (190 L) of secondary containment capacity. 
Thus the secondary containment capacity of the standard drum pallet is sufficient to contain a 
release of ten percent of one percent of the largest container (4.96 gal or 18.8 L). 

Parking Area Unit 

Containers of TRU mixed waste to be stored in the Parking Area Unit will be in Contact-Handled 
or Remote-Handled Packages. There will be no additional requirements for engineered 
secondary containment systems. 

Overpack Unit 

Containers of TRU mixed waste to be stored in the Overpack Unit will be inside concrete 
overpacks. There will be no additional requirements for engineered secondary containment 
systems. 

A1-1i Control of Run On 

The WHB Unit is located indoors which prevents run-on from a precipitation event. In addition, 
the CH TRU containers are stored on facility pallets, containment pallets, or standard drum 
pallets, which elevate the CH TRU mixed waste containers at least 6 in. (15 cm) off the floor, or 
in Contact-Handled or Remote-Handled Packages, so that any firewater released in the building 
will not pool around containers. Within the RH Bay, Cask Unloading Room, Transfer Cell, and 
Facility Cask Loading Room, waste containers are stored in casks or Shielded Inserts and 
protected from any potential run on. Any firewater released in the building will not pool around 
the waste containers as they are stored in casks, or Shielded Inserts. Within the Hot Cell, there 
is no source of water during operations. However, control of run-on is provided by the Lower Hot 
Cell, which lies below a sloped floor surrounded by a grating and canister sleeves in the Hot 
Cell above. 

In the Parking Area Unit, the containers of TRU mixed waste are always in Contact-Handled or 
Remote-Handled Packages which protect them from precipitation and run on. Therefore, the 
WIPP container storage units will comply with the requirements of 20.4.1.500 NMAC 
(incorporating 40 CFR §264.175(b)(4)). 

In the Overpack Unit, the containers of TRU mixed waste are always in closed concrete 
overpacks on a concrete/berm pad which protect them from precipitation and run on. Therefore, 
the WIPP container storage unit will comply with the requirements of 20.4.1.500 NMAC 
(incorporating 40 CFR §264.175(b)(4)).  
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Table A1-2 
Waste Handling Equipment Capacities 

CAPACITIES FOR EQUIPMENT 

CH Bay overhead bridge crane 12,000 lbs. 

Surface forklifts 26,000 lbs. (CH Bay forklift) 

70,000 lbs. (TRUPACT-III 
Handler forklift)  

46,100 lbs. (concrete overpack 
forklift) 

Facility Pallet 25,000 lbs. 

Adjustable center-of-gravity lift fixture 10,000 lbs. 

Facility Transfer Vehicle 30,000 lbs. 

Yard Transfer Vehicle 60,000 lbs. 

MAXIMUM GROSS WEIGHTS OF CONTAINERS 

Seven-pack of 55-gallon drums  7,000 lbs. 

Four-pack of 85-gallon drums  4,500 lbs. 

Three-pack of 100-gallon drums 3,000 lbs. 

Ten-drum overpack  6,700 lbs. 

Standard waste box  4,000 lbs. 

Standard large box 2 10,500 lbs. 

Shielded container 2,260 lbs. 

Three-pack of shielded containers 7,000 lbs. 

Concrete overpack with lid 46,100 lbs. 

MAXIMUM NET EMPTY WEIGHTS OF EQUIPMENT 

TRUPACT-II  13,140 lbs. 

HalfPACT 10,500 lbs. 

TRUPACT-III 43,600 lbs. 

Adjustable center of gravity lift fixture  2,500 lbs. 

Facility pallet 4,120 lbs. 

Concrete overpack with lid 32,100 lbs. 

  



Concre
Figu

ete Overpack

B-17 

ure A1-38 
k Container SStorage Unit

 

t  



 

Figu
Typical Co

B-18 

ure A1-39 
oncrete Overp

 

pack  

 



B-19 

 
ATTACHMENT A2 

GEOLOGIC REPOSITORY 

A2-2b Geologic Repository Process Description 

CH TRU Mixed Waste Emplacement 

CH TRU mixed waste containers and shielded containers will arrive by tractor-trailer at the 
WIPP facility in sealed shipping containers. Prior to unloading the packages from the trailer, 
they will undergo security and radiological checks and shipping documentation reviews. The 
trailers carrying the shipping containers will be stored temporarily at the Parking Area Container 
Storage Unit (Parking Area Unit). A forklift will remove the Contact Handled Packages from the 
transport trailers and a forklift or Yard Transfer Vehicle will transport them into the Waste 
Handling Building Container Storage Unit for unloading of the waste containers. Each 
TRUPACT-II may hold up to two 7-packs, two 4-packs, two 3-packs, two SWBs, or one TDOP. 
Each HalfPACT may hold up to seven 55-gal (208 L) drums, one SWB, one three-pack of 
shielded containers or four 85-gal (322 L) drums. Each TRUPACT-III will hold one SLB2. An 
overhead bridge crane or Facility Transfer Vehicle with transfer table will be used to remove the 
waste containers from the Contact Handled Packaging and place them onto either a facility or 
containment pallet for downloading to the underground, or into a concrete overpack for storage 
in the Concrete Overpack Container Storage Unit (Overpack Unit). If the waste containers are 
placed onto a facility pallet, each stack of waste containers will be secured prior to transport 
underground (see Figure A2-3). Each facility pallet has two recessed pockets to accommodate 
two sets of 7-packs, two sets of 3-packs, two sets of 4-packs, two SWBs stacked two-high, two 
TDOPs, or one SLB2. Each stack of waste containers will be secured prior to transport 
underground (see Figure A2-3). A forklift or the facility transfer vehicle will transport the loaded 
facility pallet to the conveyance loading room adjacent to the Waste Shaft. The facility transfer 
vehicle will be driven onto the waste shaft conveyance deck, where the loaded facility pallet will 
be transferred to the waste shaft conveyance, and the facility transfer vehicle will be backed off. 
Containers of CH TRU mixed waste (55-gal (208 L) drums, SWBs, 85-gal (322 L) drums, 100-
gal (379 L) drums, and TDOPs) or shielded containers can be handled individually, if needed, 
using the forklift and lifting attachments (i.e., drum handlers, parrot beaks). 

The waste shaft conveyance will lower the loaded facility pallet to the underground. At the waste 
shaft station, the CH TRU underground transporter will back up to the waste shaft conveyance, 
and the facility pallet will be transferred from the waste shaft conveyance onto the transporter 
(see Figure A2-6). The transporter will then move the facility pallet to the appropriate 
Underground HWDU for emplacement. The underground waste transporter is equipped with a 
fire suppression system, rupture-resistant diesel fuel tanks, and reinforced fuel lines to minimize 
the potential for a fire involving the fuel system. 

A forklift in the HWDU near the waste stack will be used to remove the waste containers from 
the facility pallets and to place them in the waste stack using a push-pull attachment or, in the 
case of an SLB2, the SLB2 will be lifted from the facility pallet and placed directly on the floor of 
the emplacement room. The waste will be emplaced room by room in Panels 1 through 8. Each 
panel will be closed off when filled. If a waste container is damaged during the Disposal Phase, 
it will be immediately overpacked or repaired. CH TRU mixed waste containers will be 
continuously vented. The filter vents will allow aspiration, preventing internal pressurization of 
the container and minimizing the buildup of flammable gas concentrations. 
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Once a waste panel is mined and any initial ground control established, flow regulators will be 
constructed to assure adequate control over ventilation during waste emplacement activities. 
The first room to be filled with waste will be Room 7, which is the one that is farthest from the 
main access ways. A ventilation control point will be established for Room 7 just outside the 
exhaust side of Room 6. This ventilation control point will consist of a bulkhead with a ventilation 
regulator. When RH TRU mixed waste canister emplacement is completed in a room, CH TRU 
mixed waste emplacement can begin in that room. Stacking of CH waste will begin at the 
ventilation control point and proceed down the access drift, through the room and up the intake 
access drift until the entrance of Room 6 is reached. At that point, a brattice cloth and chain link 
barricade and, if necessary, bulkheads will be emplaced. This process will be repeated for 
Room 6, and so on until Room 1 is filled. At that point, the panel closure system will be 
constructed. 

The emplacement of CH TRU mixed waste into the HWDUs will typically be in the order 
received and unloaded from the Contact Handled Packaging. There is no specification for the 
amount of space to be maintained between the waste containers themselves, or between the 
waste containers and the walls. Containers will be stacked in the best manner to provide 
stability for the stack (which is up to three containers high) and to make best use of available 
space. It is anticipated that the space between the wall and the container could be from 8 to 18 
in. (20 to 46 cm). This space is a function of disposal room wall irregularities, container type, 
and sequence of emplacement. Bags of backfill will occupy some of this space. Space is 
required over the stacks of containers to assure adequate ventilation for waste handling 
operations. A minimum of 16 in. (41 cm) was specified in the Final Design Validation Report 
(Appendix D1, Chapter 12 of the WIPP RCRA Part B Permit Application (DOE, 1997)) to 
maintain air flow. Typically, the space above a stack of containers will be 36 to 48 in. (90 to 122 
cm). However 18 in. (0.45 m) will contain backfill material consisting of bags of Magnesium 
Oxide (MgO). Figure A2-8 shows a typical container configuration, although this figure does not 
mix containers on any row. Such mixing, while inefficient, will be allowed to assure timely 
movement of waste into the underground. No aisle space will be maintained for personnel 
access to emplaced waste containers. No roof maintenance behind stacks of waste is planned. 

The anticipated schedule for the filling of each of the Underground HWDUs known as Panels 1 
through 8 is shown in Permit Attachment G, Table G-1. Panel closure in accordance with the 
Closure Plan in Permit Attachment G and Permit Attachment G1 is estimated to require an 
additional 150 days. 

When the waste containers are placed into concrete overpacks for surface storage, the 
following basic operations will be carried out. The TRU mixed waste storage process begins 
with WIPP Operations TRU mixed waste handling personnel transporting an empty concrete 
overpack into the WHB using a forklift and positioning it in front of the TRUDOCK. Next, the 
personnel will remove the concrete overpack lid from the empty concrete overpack and set it 
aside on the designated stand. TRU mixed waste containers will be removed from the Contact- 
Handled Packaging on the TRUDOCK. As the waste is removed from the Contact- Handled 
Packaging, the payload containers will be inspected. Once the waste is lowered into the 
concrete overpack using the Adjustable Center of Gravity Lift Fixture the annual inspection and 
storage period will begin. The lid will then be placed back on the concrete overpack. This 
provides the secondary containment for the TRU mixed waste. Using a forklift, TRU mixed 
waste personnel will then transport the concrete overpack containing the TRU mixed waste 
outside of the airlocks. An all-terrain forklift will then transport the concrete overpack onto the 
Overpack Unit. 
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When it is time to emplace the TRU mixed waste into the WIPP underground, TRU mixed waste 
personnel will retrieve the concrete overpack containing the TRU mixed waste from the 
Overpack Unit and move it outside the WHB using the all-terrain forklift. The concrete overpack 
will then be carried into the WHB using an electric forklift and placed in the TRUDOCK. The 
concrete overpack lid will be removed and radiological surveys will be performed as required. 
The TRU mixed waste will be removed from the concrete overpack, placed on a facility pallet, 
and readied for emplacement in the WIPP underground. The empty concrete overpack will then 
be inspected prior to receiving other TRU mixed waste for temporary storage or be moved out of 
the WHB and staged for future use. 

Figure A2-12 is a flow diagram of the CH TRU mixed waste handling process. 
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Table A2-1 
CH TRU Mixed Waste Handling Equipment Capacities 

Capacities for Equipment 

Facility Pallet 25,000 lbs.  

Facility Transfer Vehicle 26,000 lbs. 

Underground transporter 28,000 lbs. 

Underground forklift 12,000 lbs. 

Concrete overpack forklift 46,1000 lbs. 

Maximum Gross Weights of Containers 

Seven-pack of 55-gallon drums  7,000 lbs. 

Four-pack of 85-gallon drums  4,500 lbs. 

Three-pack of 100-gallon drums 3,000 lbs. 

Ten-drum overpack  6,700 lbs. 

Standard waste box  4,000 lbs. 

Standard large box 2 10,500 lbs. 

Shielded container 2,260 lbs. 

Three-pack of shielded containers 7,000 lbs. 

Concrete overpack with lid 46,100 lbs. 

Maximum Net Empty Weights of Equipment 

TRUPACT-II  13,140 lbs. 

HalfPACT 10,500 lbs.  

TRUPACT-III 43,600 lbs. 

Facility pallet  4,120 lbs. 

Concrete overpack with lid 32,100 lbs. 
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Figure A2-12
ound CH Transuuranic Mixed Waaste Process Floow Diagram 
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Figure A2-12 
WIPP Facility Surface and Underground CH Transuranic Mixed Waste Process Flow Diagram (Continuation Aed) 

  



B-25 

Figure A2-12 
WIPP Facility Surface and Underground CH Transuranic Mixed Waste Process Flow Diagram (Continuation B) 
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ATTACHMENT A4 
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ATTACHMENT A4 

TRAFFIC PATTERN 

A4-5 Concrete Overpack Container Storage Unit Traffic 

The process for managing concrete overpacks is described in Permit Attachment A2, Section 
A2-2b. The transportation routes are depicted in Figure A4-8, Waste Transport Routes in WHB 
– Concrete Overpack Loading and Unloading and Figure A4-9, Waste Transport Routes 
Designated for the Concrete Overpack Container Storage Unit.  
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7. PROCESS—CODES AND DESIGN CAPACITIES (continued) 

The Waste Isolation Pilot Plant (WIPP) geologic repository is defined as a “miscellaneous unit” 
under 40 CFR §260.10. “Miscellaneous unit” means a hazardous waste management unit 
where hazardous waste is treated, stored, or disposed of and that is not a container, tank, 
surface impoundment, waste pile, land treatment unit, landfill, incinerator, containment building, 
boiler, industrial furnace, or underground injection well with appropriate technical standards 
under 40 CFR Part 146, corrective action management unit, or unit eligible for research, 
development, and demonstration permit under 40 CFR §270.65. The WIPP is a geologic 
repository designed for the disposal of defense-generated transuranic (TRU) waste. Some of 
the TRU wastes disposed of at the WIPP contain hazardous wastes as co-contaminants. More 
than half the waste to be disposed of at the WIPP also meets the definition of debris waste. The 
debris categories include manufactured goods, biological materials, and naturally occurring 
geological materials. Approximately 120,000 cubic meters (m3) of the 175,600 m3 of WIPP 
wastes is categorized as debris waste. The geologic repository has been divided into ten 
discrete hazardous waste management units (HWMU) which are being permitted under 40 CFR 
Part 264, Subpart X. 

During the Disposal Phase of the facility, which is expected to last 25 years, the total amount of 
waste received from off-site generators and any derived waste will be limited to 175,600 m3 of 
TRU waste of which up to 7,080 m3 may be remote-handled (RH) TRU mixed waste. For 
purposes of this application, all TRU waste is managed as though it were mixed. 

The process design capacity for the miscellaneous unit (composed of ten underground HWMUs 
in the geologic repository) shown in Section 7 B, is for the maximum amount of waste that may 
be received from off-site generators plus the maximum expected amount of derived wastes that 
may be generated at the WIPP facility. In addition, two three HWMUs have been designated as 
container storage units (S01) in Section 7 B. One is inside the Waste Handling Building (WHB) 
and consists of the contact-handled (CH) bay, waste shaft conveyance loading room, waste 
shaft conveyance entry room, RH bay, cask unloading room, hot cell, transfer cell, and facility 
cask loading room. This HWMU will be used for waste receipt, handling, and storage (including 
storage of derived waste) prior to emplacement in the underground geologic repository. No 
treatment or disposal will occur in this S01 HWMU. The capacity of this S01 unit for storage is 
194.1 m3, based on 36 ten-drum overpacks on 18 facility pallets, four CH Packages at the 
TRUDOCKs, one standard waste box of derived waste, two loaded casks and one 55-gallon 
drum of derived waste in the RH Bay, one loaded cask in the Cask Unloading Room, 13 55-
gallon drums in the Hot Cell, one canister in the Transfer Cell and one canister in the Facility 
Cask Unloading Room. The second S01 HWMU is the parking area outside the WHB where the 
Contact- and Remote-Handled Package trailers and the road cask trailers will be parked 
awaiting waste handling operations. The capacity of this unit is 50 Contact-Handled Packages 
and twelve Remote-Handled Packages with a combined volume of 242 m3. The third S01 
HWMU is the Concrete Overpack Container Storage Unit south of the rail siding where closed 
concrete overpacks will be stored awaiting waste handling operations. The capacity of this S01 
unit is 1,821 m3, based on one TDOP stored in each of 408 concrete overpacks.   The HWMUs 
are shown in Figures B3-2, B3-3, and B3-4, and B3-5. 

During the ten year period of the permit, up to 148,500 m3 of CH TRU mixed waste could be 
emplaced in Panels 1 to 8 and up to 2,635 m3 of RH TRU mixed waste could be emplaced in 
Panels 4 to 8. Panels 9 and 10 will be constructed under the initial term of this permit. These 
latter areas will not receive waste for disposal under this permit.  
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ATTACHMENT D 

RCRA CONTINGENCY PLAN 

D-1e Description of Surface Hazardous Waste Management Units 

The WHB is the surface facility where waste handling activities will take place. The WHB has a 
total area of approximately 84,000 square feet (ft2) (7,804 square meters [m2]) of which 49,710 
ft2 (4,618 m2) are designated as the WHB Unit for TRU mixed waste management. Within the 
WHB Unit, 32,307 ft2 (3,001 m2) are designated for the waste handling and container storage of 
CH TRU mixed waste and 17,403 ft2 (1,617 m2) are designated for the handling and storage of 
RH TRU mixed waste. These areas are being permitted as container storage units. The 
concrete floors within the WHB Unit are sealed with an impermeable coating that has excellent 
resistance to the chemicals in TRU mixed waste and, consequently, provide secondary 
containment for TRU mixed waste.  

In addition, aThe Parking Area Unit south of the WHB iswill be used for storage of waste in 
sealed shipping containers awaiting unloading. This area is also being permitted as a container 
storage unit. The sealed shipping containers provide secondary containment in this hazardous 
waste management unit (HWMU).  

The Concrete Overpack Container Storage Unit (Overpack Unit), south of the rail siding, will be 
used for storage of waste in closed concrete overpacks. This area is a container storage unit. 
The closed concrete overpacks provide secondary containment in this HWMU. 

D-1f  Off-Normal Events 

Off-normal events could interrupt normal operations in the waste management process line 
Shipments of waste from the generator sites will be stopped in any event which results in an 
interruption to normal waste handling operations that exceeds three days. 

  



B-39 

ATTACHMENT E 

INSPECTION SCHEDULE, PROCESS AND FORMS 

E-1b(1) Container Inspection 

Inspections will be conducted in the Parking Area Unit and the Concrete Overpack Container 
Storage Unit (Overpack Unit) at a frequency not less than once weekly when waste is present. 
These inspections are applicable to loaded Contact- Handled and Remote-Handled Packages 
or loaded concrete overpacks. The perimeter fence located at the lateral limit of the Parking 
Area Unit, coupled with personnel access restrictions into the WHB Unit, will provide the needed 
security. The perimeter fence and the southern border of the WHB shall mark the lateral limit of 
the Parking Area Unit. Radiologically controlled areas can be established temporarily with 
barricades. More permanent structures can be installed. The western boundary can be 
established with temporary barricades since this area is within the perimeter fence. Access to 
radiologically controlled areas will only be permitted to personnel who have completed General 
Employee Radiological Training (GERT), a program defined by the Permittees, or escorted by 
personnel who have completed GERT. This program ensures that personnel have adequate 
knowledge to understand radiological posting they may encounter at the WIPP site. The fence 
of the Radiologically Controlled Area, south from the WHB airlocks, was moved to provide more 
maneuvering space for the trucks delivering waste. Since TRU mixed waste to be stored in the 
Parking Area Unit and the Overpack Unit will either be in sealed Contact-Handled or Remote-
Handled Packages or loaded concrete overpacks, there will be no additional requirements for 
engineered secondary containment systems. Inspections of the Contact-Handled and Remote-
Handled Packages stored in the Parking Area Unit and inspections of the loaded concrete 
overpacks shall be conducted at a frequency no less than once weekly and will focus on the 
inventory and integrity of the shipping containers or loaded concrete overpacks and the spacing 
between trailers carrying the Contact-Handled or Remote-Handled Packages or loaded 
concrete overpacks. This spacing will be maintained at a minimum of four feet. In addition, 
inspections will be performed on empty concrete overpacks prior to each use.   Empty concrete 
overpacks will be inspected for deterioration which will include spalling, cracking or other forms 
of degradation.   

Container inspections will be included as part of the surface TRU mixed waste handling areas 
(i.e., Parking Area Unit, and the WHB Unit, and the Overpack Unit) inspections described in 
Tables E-1 and E-1a. These inspections will also include the Derived Waste Storage Areas of 
the WHB Unit. The Derived Waste Storage Areas will consist of containers of 55 or 85-gallon 
drums or SWBs for CH TRU mixed waste and 55-gallon drums for RH TRU mixed waste. A 
Satellite accumulation area (SAA) may be required in an area adjacent to the TRUDOCKs for 
CH TRU mixed waste. A SAA may also be required in the RH Bay and Hot Cell for RH TRU 
mixed waste. These SAAs will be set up on an as needed basis at or near the point of 
generation and the derived waste will be discarded into the active derived waste container. All 
SAAs will be inspected in accordance with 20.4.1.300 NMAC (incorporating 40 CFR §262.34). 
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Table E-1 
Inspection Schedule/Procedures 

System/Equipment Name 
Responsible 
Organization 

Inspectiona 

Frequency and Job 
Title of Personnel 
Normally Making 

Inspection 
Procedure Number andh 

Inspection Criteria 

Concrete Overpack 
Container Storage Unitk 

Waste Handling Preoperational or 
Weekly e 

See List 8 

Inspecting for Deteriorationb, 
Leaks/Spills, Required Aisle 
Space, Filled Concrete Overpack 
Condition and Sump Contents  

Concrete Overpack Waste Handling Preoperational (empty 
prior to loading with 
waste) 

See List 8 

Inspecting for Damage and 
Deterioration  

 
 
 

Table E-1 (Continued) 
Inspection Schedule/Procedures Notes 

 
k Surface CH TRU mixed waste handling areas include the Parking Area Unit, the WHB unit, the Overpack Unit, 

and unloading areas. 
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ATTACHMENT F1 

RCRA HAZARDOUS WASTE MANAGEMENT JOB DESCRIPTIONS 

Position Title: TRU Mixed Waste Handlers 

Duties: 

- Operates waste handling equipment and support systems to unload, handle, store, 
and emplace TRU mixed waste and backfill into the repository 

- Performs functional and operational checks of waste handling equipment and support 
systems as well as conduct waste container storage area inspections 

- Performs spot decontamination of shipping casks, waste containers, concrete 
overpacks, and waste handling equipment 

- Perform waste container overpacking operations including placing waste in and 
removing waste from concrete overpacks 

Requisite Skills, Experience and Education: 

Academic or vocational high school graduate with courses in algebra and physics or 
chemistry, or equivalent, plus two years of college-level technical study with courses in 
nuclear waste management and health physics, or equivalent. 

Training (Type/Amount): 

 General Employee Training (GET-19X/GET-20X/GET-21X) 
 General Employee Training Refresher (GET-19XA/GET-20XA/GET-21XA) 
 Waste Handling Operations Qualification Card Signature 

• CH TRU Mixed Waste Handler - (WH-01A Backfill Technician, Floor, Yard, and 
Emplacement Technician, and WH-01B Waste Handling Technician or WH-02 
Waste Handling Engineers) and Waste Handling Operations Guidebook (WH-
GUIDE-1) 

• RH TRU Mixed Waste Handler - (RH-01A, RH-01B, RH-01C) RH Waste Handling 
Technician Qualification Card or (RH-02) RH Waste Handling Engineer 
Qualification Card and Waste Handling Operations Guidebooks 

 Radworker II (RAD-201) 
 Hazardous Waste Worker (HWW-101/102) 
 Respiratory Protection (SAF-630/631) 
 Hazardous Waste Responder (HWR-101, 101A) 
 Hazardous Waste Transportation (HMT-102) 
 Forklift Safety (EQP 402) (Once) 
 Conduct of Shift Operations (OPS 115) (Once) 
 Technical Safety Requirements (OPS 122) (Once) 
 Incident Rigger (OPS 402) (Biennial) 
 40-Hour Inexperienced Miner (SAF 501/502) (Annual) 
 Subject Matter Expert/On the Job Trainer (TRG 293/298) (Biennial) 
 Waste Handling Systems (STC-003/STC-015) (Once) 

NOTE: Waste Handling Technicians will not participate in TRU waste handling activities and 
integrated system functions unsupervised until full qualification is acquired. 
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ATTACHMENT G 

CLOSURE PLAN 

Introduction 

This Permit Attachment contains the Closure Plan that describes the activities necessary to 
close the Waste Isolation Pilot Plant (WIPP) individual units and facility. Since the current plans 
for operations extend over several decades, the Permittees will periodically reapply for an 
operating permit in accordance with 20.4.1.900 NMAC (incorporating 40 CFR §270.10(h)). 
Consequently, this Closure Plan describes several types of closures. The first type is panel 
closure, which involves constructing closures in each of the underground hazardous waste 
disposal units (HWDUs) after they are filled. The second type is partial closure, which can be 
less than the entire facility and therefore less than an entire unit as described herein for the 
Waste Handling Building (WHB) Unit, and the Parking Area Unit (PAU), and the Concrete 
Overpack Container Storage Unit (Overpack Unit). The third type of closure is final facility 
closure at the end of the Disposal Phase, which will entail “clean” closure of all remaining 
surface storage units and construction of the four shaft seal systems. Finally, in the event a new 
permit is not issued prior to expiration of an existing permit, a modification to this Closure Plan 
will be sought to perform contingency closure. Contingency closure defers the final closure of 
waste management facilities such as the Waste Handling Building Container Storage Unit 
(WHB Unit), the Overpack Unit, the conveyances, the shafts, and the haulage ways because 
these will be needed to continue operations with non-mixed Transuranic (TRU) waste. 

The hazardous waste management units (HWMUs) addressed in this Closure Plan include the 
aboveground HWMU in the WHB, the parking area HWMU, the Overpack Unit, and Panels 1 
through 8, each consisting of seven rooms. 

G-1 Closure Plan 

This Closure Plan is prepared in accordance with the requirements of 20.4.1.500 NMAC 
(incorporating 40 CFR §264 Subparts G, I, and X), Closure and Post-Closure, Use and 
Management of Containers, and Miscellaneous Units. The WIPP underground HWDUs, 
including Panels 1 through 8 on Figure G-1, will be closed under this permit to meet the 
performance standards in 20.4.1.500 NMAC (incorporating 40 CFR §264.601). The WIPP 
surface facilities, including Waste Handling Building Container Storage Unit, and the Parking 
Area Container Storage Unit, and the Overpack Unit will be closed in accordance with 
20.4.1.500 NMAC (incorporating 40 CFR §264.178). The Permittees may perform partial 
closure of the WHB, and PAU, and Overpack Unit HWMUs prior to final facility closure and 
certification. For final facility closure, this plan also includes closure of future waste disposal 
areas including Panels 9 and 10 and closure and sealing of the facility shafts in accordance with 
20.4.1.500 NMAC (incorporating 40 CFR §264.601). 

G-1a Closure Performance Standard 

G-1a(1) Container Storage Units 

Final or partial closure of the permitted container storage units (the Waste Handling Building 
Unit, and Parking Area Unit, and the Overpack Unit) will be accomplished by removing all waste 
and waste residues. Indication of waste contamination will be based, among other techniques, 
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on the use of radiological surveys as described in Permit Attachment G3. Radiological surveys 
use very sensitive radiation detection equipment to indicate if there has been a potential release 
of TRU mixed waste, including hazardous waste components, from a container. This allows the 
Permittees to indicate potential releases that are not detectable from visible evidence such as 
stains or discoloration. Visual inspection and operating records will also be used to identify 
areas where decontamination is necessary. Contaminated surfaces will be decontaminated until 
radioactivity is below free release limits2. Once surfaces are determined to be free of radioactive 
waste constituents, they will be tested for hazardous waste contamination. These surface 
decontamination activities will ensure the removal of waste residues to levels protective of 
human health and the environment. The facility is expected to require no decontamination at 
closure because any waste spilled or released during operations will be contained and removed 
immediately. Solid waste management units listed in Attachment K, Table K-4 will be subject to 
closure. In the event portions of these units which require decontamination cannot be 
decontaminated, these portions will be removed and the resultant wastes will be managed as 
appropriately. 

G-1b Requirements 

The Permit specifies a sequential process for the closure of individual HWMUs at the WIPP. 
Each underground HWDU will undergo panel closure when waste emplacement in that panel is 
complete. Following waste emplacement in each underground HWDU, construction-side 
ventilation will be terminated and waste-disposal-side ventilation will be established in the next 
underground HWDU to be used, and the underground HWDU containing the waste will be 
closed. The Permittees will notify the NMED of the closure of each of the underground HWDUs 
as they are sequentially filled on a HWDU-by-HWDU basis. The HWMUs in the WHB, and in the 
parking area, and in the Overpack Unit will be closed as part of final facility closure of the WIPP 
facility. 

G-1c Maximum Waste Inventory 

The WIPP will receive no more than 6.2 million ft3 (175,564 m3) of TRU mixed waste, which may 
include up to 250,000 ft3 (7,079 m3) of remote-handled (RH) TRU mixed waste. Excavations are 
mined as permitted when needed during operations to maintain a reserve of disposal areas. The 
amount of waste placed in each room is limited by structural and physical considerations of 
equipment and design. Waste volumes include waste received from off-site generator locations 
as well as derived waste from disposal and decontamination operations. The maximum volume 
of TRU mixed waste in a disposal panel is established in Permit Part 4, Table 4.1.1. For closure 
planning purposes, a maximum achievable volume of 685,100 ft3 (19,400 m3) of TRU mixed 
waste per panel is used. This equates to 662,150 ft3 (18,750 m3) of contact-handled (CH) TRU 
mixed waste and 22,950 ft3 (650 m3) of RH TRU mixed waste per panel. 

The maximum extent of operations during the term of this permit is expected to be Panels 1 
through 8 as shown on Figure G-1, the WHB Container Storage Unit, and the Parking Area 
Container Storage Unit, and the Overpack Unit. Note that panels 9 and 10 are scheduled for 
excavation only under this permit. If other waste management units are permitted during the 
Disposal Phase, this Closure Plan will be revised to include the additional waste management 
units. At any given time during disposal operations, it is possible that multiple rooms may be 

                                                 
 
2 The free release criteria for items, equipment, and areas is < 20 dpm/100 cm2 for alpha radioactivity and 
< 200 dpm/100 cm2 for beta-gamma radioactivity. 
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receiving TRU mixed waste for disposal at the same time. Underground HWDUs in which 
disposal has been completed (i.e., in which CH and RH TRU mixed waste emplacement 
activities have ceased) will undergo panel closure. 

G-1e Closure Activities 

G-1e(2) Decontamination and Decommissioning 

G-1e(2)(b) Decontamination Activities 

Surface Container Storage Units 

The procedures employed for waste receipt at the WIPP facility minimize the likelihood for any 
waste spillage to occur outside the WHB. TRU mixed waste is shipped to the WIPP facility in 
approved shipping containers (i.e., Contact-Handled or Remote-Handled Packages) that are not 
opened until they are inside the WHB. Therefore, it is unlikely that soil in the Parking Area Unit, 
soil in the Overpack Unit, or elsewhere in the vicinity of the WHB will become contaminated with 
TRU mixed waste constituents as a result of TRU mixed waste management activities. An 
evaluation of the soils in the vicinity of the WHB will only be necessary if a documented event 
resulting in a release has occurred outside the WHB. 
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Table G-2 
Anticipated Overall Schedule for Closure Activities 

ACTIVITY 

FINAL FACILITY CLOSURE 

START STOP 

Notify NMED of Intent to Close WIPP (or to Implement 
Contingency Closure) 

October 2030 N/A 

Perform Contamination Surveys in both the Surface Storage 
Areas 

October 2030 April 2031 

Sample Analysis December 2030 July 2031 

Decontamination as Necessary of both the Surface Storage 
Areas 

June 2031 January 2032 

Final Contamination Surveys of both the Surface Storage 
Areas 

February 2032 September 2032 

Sample Analysis June 2032 January 2033 

Prepare and Submit Container Management Unit Closure 
Certification 

February 2033 May 2033 

Dispose of Closure-Derived Waste November 2030 January 2032 

Closure of Open Underground HWDU panel February 2032
*
 September 2032 

Install Borehole Seals October 2032 September 2033 

Install Repository Seals June 2033 September 2037 

Recontour and Revegetate October 2037  May 2038 

Prepare and Submit Final (Contingency) Closure 
Certification 

October 2037 May 2038 

Post-closure Monitoring July 2038 N/A 

N/A--Not Applicable 

Refer to Figures G-3 and G-4 for precise activity titles. 

*This assumes the final waste is placed in this unit in January 2032 and notification of closure for this HWDU is 
submitted to the NMED in December 2031. 
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ATTACHMENT J 

HAZARDOUS WASTE MANAGEMENT UNIT TABLES 

 

LIST OF TABLES 

Table Title 

Table J-1 Waste Handling Building (WHB) Container Storage Unit 
Table J-2 Parking Area Container Storage Unit 
Table J-3 Concrete Overpack Container Storage Unit 
Table J-43 Underground Hazardous Waste Disposal Units 
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Table J-3 
Concrete Overpack Container Storage Unit 

Description Area Maximum 
Waste Capacity 

Container Equivalent 

Overpack Unit 96,490 ft2 
(8,964 m2) 

65,280 ft3 
(1,836 m3) 

408 Concrete Overpacks 
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Table J-43 
Underground Hazardous Waste Disposal Units 

Description1 Waste Type Maximum Capacity2 Container Equivalent 

Panel 1 CH TRU 636,000ft3 
(18,000 m3) 

86,500 55-Gallon Drums 

Panel 2 CH TRU 636,000 ft3 
(18,000 m3) 

86,500 55-Gallon Drums 

Panel 3 CH TRU 662,150 ft3 
(18,750 m3) 

90,150 55-Gallon Drums 

Panel 4 CH TRU 662,150 ft3 
(18,750 m3) 

90,150 55-Gallon Drums 

RH TRU 12,570 ft3 
(356 m3) 

400 RH TRU Canisters 

Panel 5 CH TRU 662,150 ft3 
(18,750 m3) 

90,150 55-Gallon Drums 

RH TRU 15,720 ft3 
(445 m3) 

500 RH TRU Canisters 

Panel 6 CH TRU 662,150 ft3 
(18,750 m3) 

90,150 55-Gallon Drums 

RH TRU 18,860 ft3 
(534 m3) 

600 RH TRU Canisters 

Panel 7 CH TRU 662,150 ft3 
(18,750 m3) 

90,150 55-Gallon Drums 

RH TRU 22,950 ft3 
(650 m3) 

730 RH TRU Canisters 

Panel 8 CH TRU 662,150 ft3 
(18,750 m3) 

90,150 55-Gallon Drums 

RH TRU 22,950 ft3 
(650 m3) 

730 RH TRU Canisters 

Total CH TRU 5,244,900 ft3 
(148,500 m3) 

713,900 55-Gallon 
Drums 

RH TRU 93,050 ft3 
(2,635 m3) 

2960 RH TRU 
Canisters 

1  The area of each panel is approximately 124,150 ft2 (11,533 m2). 
2   “Maximum Capacity” is the maximum volume of TRU mixed waste that may be emplaced in each 

panel. The maximum repository capacity of “6.2 million cubic feet of transuranic waste” is specified in 
the WIPP Land Withdrawal Act (Pub. L. 102-579, as amended) 
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Appendix C 
Waste Isolation Pilot Plant Above Ground Storage Capability (AGSC) Design Drawings 
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Appendix D 
Supplemental Information 
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Design Criteria/Requirements 

Item Design Criteria/Requirement Source/Reference Remarks 

1.0  General Requirements 

1.1 Concept Design Alternatives: 

Overpack Storage on a Slab –This approach will 
include storage of the TRU waste containers in 
reinforced concrete over-packs, commonly referred 
to as culverts. 

Analysis of 
Alternatives 

For Above Ground 
Storage Capability for 
Transuranic Waste 
(AGSC) at the Waste 
Isolation Pilot Plant 
(WIPP) M&O 
contractor direction 

 

1.2 Safety Classification: 

The additional storage capability will be designed to 
operate to all applicable DOE nuclear safety, 
safeguards and security, and operational safety 
requirements.  The project or series of activities will 
apply the requirements of DOE-STD-1189-2008 
“Integration of Safety into the Design Process” to 
modify or develop new nuclear safety 
documentation, and the design and oversight 
requirements in DOE Order 420.1C Change 1 
“Facility Safety.”  

To support the hazard and accident analysis, 
certain concrete overpack attributes are necessary 
to ensure that the concrete overpack performs its 
intended safety significant functions.  These 
concrete overpack attributes are associated with 
hazards involving impacts, fire, and explosion.  The 
safety functions performed by a closed concrete 
overpacks are: 

 The concrete overpacks will provide a 
secondary confinement for waste and protect 
the primary waste packages from operational 
(vehicle crashes, drops), natural phenomena 
(high winds/tornadoes) and external hazards 
(lightning protection and radiation shielding).   

 Do not contribute to the facility fire loading, 
and protect containers inside from external 
fires because they are made of non-
combustible material. 

 Provides a thermal barrier to protect internal 
containers from an external fire and prevents 
the spread of fire within concrete overpacks. 

 Do not fail due to internal fires. 

 Provides confinement during various events 
where the concrete overpack limits the release 
of radiological inventory. 

 Provides a substantial mass to prevent tipping 
over or sliding during design basis 
tornado/high wind events. 

 Do not fail or suffer lid loss due to differential 
pressures caused by design basis tornadoes 
or high winds. 

Definition from DOE-
STD-3009-2014 

Use of the concrete 
overpacks to satisfy the 
listed Safety Significant 
Functions enables the 
Concrete Slab to be 
Classified as 
commercial grade. Non-
Safety significant and 
Non NQA-1 quality 
construction. 
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Item Design Criteria/Requirement Source/Reference Remarks 

 Prevents tipping over during a design basis 
seismic event. 

 Provides sufficient permeability permeable to 
prevent the accumulation of hydrogen and 
VOC concentrations above the LFL inside the 
concrete overpack and accumulations of any 
other filtered releases from the primary 
confinements (waste containers. 

 Absorbs the energy of an internal explosion or 
releases the energy by vertical displacement 
of the drum lid, with no damage to adjacent 
containers.  The most likely missile generated 
by an internal explosion is an ejected drum lid, 
which will not penetrate the concrete 
overpack.  

 Resists impacts during natural phenomenon 
hazard events such that a collapse of light and 
moderate structures or falling structural 
objects (e.g., light fixtures, cable trays, or 
conduits) and the collapse of substantial 
structures have limited impact on the inventory 
inside the concrete overpack. 

1.3 Requirements, Codes, And Standards  

DOE O 420.1C Attachment 3 for “Safety Class or 
Safety Significant” SSCs will be reviewed.  

  

1.4 Seismic and Other Natural Phenomena Design 
Categorization 

DOE-STD-1189 Appendix A provides seismic 
design criteria. The capability would be designed 
that take into account DOE-STD-1020-2012 
“Natural Phenomena Hazards Analysis and Design 
Criteria for Department of Energy Facilities.” 

CDR project 
statement of work 

Use of the concrete 
overpacks to satisfy the 
listed Safety Significant 
Functions enables the 
Concrete Slab to be 
classified as 
Conventional Seismic 

1.5 Need to comply with a DSA and RCRA hazardous 
waste permit 

 Common project 
practice to ensure 
quality gradation. 

1.6 Enable storage for CH TRU, TRU mixed waste 
storage, and shielded containers 

  

2.0 Building Architectural and Structural Design Requirements 

2.1 Capacity to store up to 17 shipments per week, or 3 
TRUPACT II containers for up to 8 weeks of 
storage 

Analysis Of 
Alternatives For 
Above Ground  
Storage For 
Transuranic Waste 
(AGSC)at the Waste 
Isolation Pilot Plant 
(WIPP) M&O 
contractor direction 

The slab will sized to 
hold up to 408 concrete 
over-packs. 
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Item Design Criteria/Requirement Source/Reference Remarks 

2.2 Aisles providing area access and egress paths shall 
be 48 inches minimum. 

The Permit states the 
following requirement 
for aisle space in the 
Parking Area Unit  

3.1.2.7. Minimum 
Aisle Space: 

The Permittees shall 
maintain a minimum 
spacing of 4 ft. (1.2 
m) between loaded 
Contact-Handled 
Packages. 

RCRA  40 CFR 264.35, 
Required aisle space 
state:  

“The owner or operator 
must maintain aisle 
space to allow the 
unobstructed movement 
of personnel, fire 
protection equipment, 
spill control equipment, 
and decontamination 
equipment to any area 
of facility operation in an 
emergency, unless it 
can be demonstrated to 
the Regional 
Administrator that aisle 
space is not needed for 
any of these purposes.”  

2.3 Up to 1-year storage time limit (RCRA) Placement 
of concrete overpacks shall facilitate 1st in - 1st out 
storage sequencing. 

Client Request Concrete overpacks will 
be placed in rows four 
deep. The maximum 
number of concrete 
overpacks to be moved 
to access a particular 
item will only be three. 

2.4 Gross Weights: 

Surface forklifts 26,000 lbs. (CH Bay forklift) 

Facility Pallet 25,000 lbs. 

Seven-pack of 55-gallon drums 7,000 lbs. 

Four-pack of 85-gallon drums 4,500 lbs. 

Three-pack of 100-gallon drums 3,000 lbs. 

Ten-drum overpack 6,700 lbs. 

Standard waste box 4,000 lbs. 

TRUPACT-II – 13,140 lbs. + 7265 lbs. = 20,405 lbs. 

Adjustable center of gravity lift fixture = 2500 lbs. 

TRUPACT-II lid weight -  7500 lbs. 

Concrete Over pack wt. – Approx. 32,100 lbs. 

3 TRUPACT-II containers on transport tractor trailer 
– 80,000 lbs. 

Hazardous waste 
permit Table A1-2 and 
page A1-8 

U.S. Department of 
Transportation (DOT) 
weight restrictions. 

 

2.5 High Sustainability & LEED Status:  While it is 
assumed that the AGSC project would not seek 
LEED certification, it is not exempt sustainability 
requirements. 

 Sustainable design 
features will be included 
where applicable. 

2.6 The slab area shall be designed per IBC 2009 and 
2012 Life Safety Code.   

DOE G 420.1-1A, 
State of New Mexico 
Adopted building 
codes. 

14.7.2 NMAC  
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Item Design Criteria/Requirement Source/Reference Remarks 

2.7 The perimeter fence shall be extended to include 
the new slab.  The fence needs to be at least 20 
feet from the slab.  Access shall be provided 
through gates in the fence for forklift trucks.  Access 
is required for forklift from the slab area to Waste 
Handling Building  

  

2.8 The storage slab will need a raised perimeter, floor 
drains and a collection tank to control any water 
incursion.  

 Ramps will be required 
for forklift access over 
curbs. 

2.9 Curbing/bollards/rails shall be provided to protect 
the stored over-packs from a forklift collision. 

 This will facilitate 
alignment of overpacks 
in predetermined 
locations. 

2.10 The slab and access roads are not to be NQA-1 
construction. But the slab needs increased QA to 
control cracks/leaks, etc.   

  

3.0  Mechanical and Process Requirements 

3.1 The concrete over-pack shall be designed to 
accommodate the safe use of TRUDOCK lid lifting 
equipment.   

Client operations 
request  

The concrete over-
packs are not included 
in AGSC project scope 

3.2 The outside diameter of the over-pack to be no 
more than 8 feet so they can use the TRUDOCKs 
in the Waste Handling Building for final unloading.   

Client operations 
request 

This dimension sets the 
geometry of the Slab. 

3.3 A mobile platform that will allow personnel safe 
access to the top of the concrete over-packs shall 
be provided for  use on the slab and in the WHB as 
required 

Client request  

3.4 Floor Drain trenches flow  to tanks for sampling and 
then disposal. 

M&O contractor 
direction 

Floor Drains will be 
normally closed. 
Provision shall be made 
to bypass rain water 
from the sample tank 
directly to site settling 
pond when there is no 
transport storage or 
handling activity on the 
storage slab. 

3.5 Forklift Truck – “Big Red” T-450S Rated Capacity 
45,000-lbs or equivalent. 

WIPP M&O direction See Attachment A 

4.0  Modes of Operation 

4.1 Type B shipping packages are delivered to the 
WHB where they will be unloaded on the existing 
TRUDOCKs 

  

4.2 Concrete overpacks are staged in the WHB by  
electric forklift 

  

4.3 TRU waste is lifted from Type B shipping packages 
and placed directly into the concrete overpack by 
the Bridge crane. 

   

4.4 The concrete lid is placed on the concrete overpack 
using existing TRUDOCK handling equipment.  

 Concrete overpack lids 
shall have lifting pockets 
Identical to TRUPACT 
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Item Design Criteria/Requirement Source/Reference Remarks 

lids. Conventional lifting 
hooks are also provided 
to allow for handling 
during manufacture and 
shipping of over-packs. 

4.5 Concrete overpack design must allow hydrogen 
venting to maintain concentration below 4%, 
prevent the accumulation of other flammable 
gasses above applicable limits and accumulations 
of any other filtered releases from the primary 
confinements (waste containers). The Maximum 
Radionuclide inventory on the Concrete Over-pack 
shall 8500 plutonium equivalent curies (PE-Ci) 

Design information  The proposed concrete 
overpacks are very 
close in size (80 in. D x 
78 in. H) to design in the 
reference calculation 
(72 in. D x 78 in. H). 
They will have more 
internal surface area, 
but will be thicker at 8 
in. vs 7 in. at SRS. The 
Hydrogen venting 
capability for the 
proposed design is very 
close to the SRS. 
(1.57%).  

4.6 Loaded concrete overpacks are transported to the 
Overpack Unit slab by all terrain forklift for storage. 

  

5.0 Electrical Requirements 

5.1 Electrical power and communications will be 
needed. Lighting can be solar powered. 

 Power is provided for 
the submersible sump 
pump and service use. 

5.2 Nominal System Voltages: 

 208V/120V Panel boards for general 
distribution 

SDD ED00, Section 
1.1 

 

5.3 Lighting shall be provided for perimeter fencing   

6.0  Fire Protection Requirements 

6.1 The facility will be of noncombustible or limited 
combustible construction as defined in the IBC.  
Structural materials will be noncombustible 

DOE-STD-1066 

DOE O 420.1C 

The slab is an outside 
structure. 

6.2 Fire Protection shall be in accordance with 
applicable NFPA Codes and Standards and the 
applicable building code. 

DOE-STD-1066 

DOE O 420.1C 

 

6.5 A Fire hydrant shall be provided. DOE-STD-1066 The slab is an outside 
structure. A fire line 
shall be provided to feed 
approximately 500 gpm 
to the hydrant. 
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Design Basis Accidents 

This section provides the accident analysis for the WIPP facility.  Accident analysis entails the 
formal quantification of a limited subset of accidents otherwise referred to as design basis 
events (DBAs).  These accidents represent a complete set of bounding conditions for the WIPP 
facility.  Whenever possible, DBAs are analyzed using the simplest applicable deterministic, 
phenomenogical calculations.  The frequencies for the DBAs analyzed were similarly simplified, 
when appropriate, by estimating frequencies for initiator or overall sequences for categorizing 
into broad frequency bins. 

Natural Phenomena Hazards (NPHs) and external events are special cases.  Natural 
Phenomena Hazards DBAs are those events with a phenomenon initiating frequency as 
specified in DOE-STD-1020-2012.  External events are analyzed as DBAs if their frequency of 
occurrence is estimated to exceed 1E-06/yr. conservatively calculated, or 1E-07/yr. realistically 
calculated.  The discussion for each DBA includes scenario development, frequency 
determination, and consequence analysis. 

Operational Fires 

Two types of operational fires may occur within the WIPP facility:  Combustible liquid pool fires 
and ordinary combustible propagating fires.  The most intense and rapid fire is a postulated pool 
fire.  A pool fire is formed when a combustible liquid forms a burning pool that is large enough 
and sufficiently intense to engulf containers and heat them up rapidly.  Rapid heating of 
containers such as debris waste drums vaporizes some of the organic material in the drums and 
pressurizes the drum faster than the degrading drum seal can relieve pressure, resulting in 
ejection of the lid along with some of the waste in the drum.  The ejected waste subsequently 
burns external to the drum.  This burning of the loose or unpackaged waste is a major 
contributor to the radiological source term and subsequent dose.  Containers in the pool that 
heat up less rapidly do not eject their lids, but the pool fire may cause the lid seal to fail, 
resulting in some of this waste burning also. 

A much less rapid and much less intense fire is the propagating fire.  This fire is initiated where 
there are combustible materials within the storage unit.  The fire propagates slowly through the 
unit.  As a result, some of the waste can burn.  This propagating fire takes place over a much 
longer time period than pool fire and the waste burns at a slower rate. 

Although the large pool fire bounds the offsite consequences for a credible external waste 
container operational fire, both pool fires and propagating fires represent a significant 
radiological hazard for facility and site workers.  The primary control strategy employed to 
protect facility and co-located workers in either a pool fire or a propagating fire is to limit the 
radiological inventory that can be engulfed in a combustible liquid pool.  The engineered closed 
concrete overpacks provide a thermal barrier that limits the radiological inventory available for 
release during certain accident scenarios thereby limiting the material at risk assumed in the 
accident analyses by ensuring fire does not propagate to internal material during a fire. 

Operational Explosions 

Waste containers serve as the primary means for preventing the release of radioactive materials 
and/or hazardous chemical materials.  Under some conditions, unvented or inadequately vented 
closed waste containers may develop a flammable atmosphere due to the buildup of hydrogen, 
flammable volatile organic compounds (VOCs), or waste decomposition products such as 
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methane.  Containers with high radioactive inventories are of particular concern due to radiolytic 
generation of hydrogen from hydrogenous material, including water that may be present in the 
waste container causing energy release through deflagration or detonation.  The energy release 
and the duration of the energy release is a function of the explosive reaction.  When the fuel and 
oxidant are present in a gaseous state, the flammable mixtures deflagrate (fast burning) but 
under special conditions (proper concentration of the component gases, turbulent mixing, strong 
ignition source, an adequate length/diameter ratio) a deflagration can transition into a 
detonation.  For the containers, enclosures, and conditions with the WIPP facility, a detonation 
is not possible; therefore, deflagration events are evaluated. 

Waste containers that develop a flammable atmosphere represent a physical and radiological 
hazard to onsite workers and potentially a radiological hazard to the public during handling and 
storage.  Flammable containers are postulated to deflagrate during routine handling or storage 
activities, intrusive sampling, and during operational upsets (e.g., container drops). 

The closed concrete overpacks are sufficiently permeable to prevent the accumulation of 
hydrogen concentrations above the lower flammability limit (LFL) and accumulation of other 
flammable gases above applicable limits.  The concrete overpack limits the radiological 
inventory available for release during certain accident scenarios thereby limiting the material at 
risk assumed in the accident analyses by maintaining concrete overpack headspace hydrogen 
concentrations below LFL to prevent deflagrations for closed concrete overpacks. 

Confinement 

A performance criterion imposed on the closed concrete overpacks is that it has the ability to 
absorb or deflect the forces associated with an internal deflagration such that no damage occurs 
to adjacent containers that results in the release of additional material at risk.  This performance 
criterion is supported in a backfit analysis performed at Savannah River Site in 2005, which is 
based upon actual concrete overpack testing that measured the consequences of a hydrogen 
deflagration in an empty concrete overpack.  The results of the explosion test performed at SRS 
in 1986 indicated that when a drum failed, it failed by blowing off the drum lid.  The testing also 
documented the average drum lid velocity as 74 mph, which is insufficient energy to penetrate 
the concrete overpack lid or wall.   

Permeability 

A performance criteria imposed on the closed concrete overpacks is that it shall allow hydrogen 
to migrate through the concrete walls and lid.  The permeability of the closed concrete 
overpacks also allows migration of VOCs through the concrete overpack walls and lid. 
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Introduction:  

The Solid Waste Management Facility (SWMF) Documented Safety Analysis (DSA) 
(Reference 1) identifies the safety function of a Closed Concrete Culvert or Equivalent 
(CCCoE) as limiting the radiological inventory available for release during identified 
SWMF accident scenarios.  The DSA specifies six functional requirements of a CCCoE 
such that the safety function can be fulfilled.  The SWMF Technical Safety Requirements 
(TSR) (Reference 2) also defines the five safety functions of a CCCoE.  Both the DSA 
and TSR require that a CCCoE must be designed/fabricated with sufficient structural 
integrity to not tip, slide, fail, or suffer lid loss during an internal explosion, seismic 
event, tornado, or other defined Natural Phenomena Hazard (NPH).  Also, a CCCoE 
should serve as a 3-hour fire barrier during an external fire event.  These structural 
integrity Functional Requirements are identified in Reference 1, Section 4.4.2.3, 
Requirements 1-5.  This calculation addresses these structural integrity requirements for a 
closed SRS concrete culvert (References 6 and 7) and a SRS closed Concrete Box 
Overpack (CBO) (Reference 8). 

Open Items:  

 None 

Inputs: 

Input 1 

The physical dimensions of an SRS concrete culvert with fork pockets in the base are 
identified in drawing C-CP-E-0006 (Reference 6).   The physical dimensions of an SRS 
concrete culvert without fork pockets in the base are identified in drawing S5-2-9097 
(Reference 7). 

Basis For Why This Input Is Valid: 

References 6 and 7 are the currently approved versions of controlled drawings for SRS 
concrete culverts. 

Input 2 

The physical dimensions of an SRS Concrete Box Overpack (CBO) are identified in 
drawing S1, included as Attachment 1 (Reference 8).    

Basis For Why This Input Is Valid: 

Reference 8 is the approved fabrication drawings for manufacture of the SRS Concrete 
Box Overpack (CBO).  Container dimensions are verified through receipt inspection per 
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the applicable Commercial Grade Dedication (CGD) G-CGD-E-00001 (Reference 9) for 
procurement of these CBOs. 

Assumptions: 

None 

Analytical Methods and Computations: 

The objective of this calculation is to use the physical dimensions and weight of a closed 
concrete culvert and closed Concrete Box Overpack (CBO) to calculate compliance with 
Functional Requirements (FR) 1-5 of Reference 1.  These requirements are summarized 
below. 

FR1. During external fire events, the CCCoE functions as a 3-hour thermal barrier. 
FR2. During internal explosion events, the CCCoE provides a confinement function 

by limiting the release of material by absorbing or deflecting the forces 
associated with an internal deflagration. 

FR3. During seismic events, the CCCoE must be of sufficient mass and dimensions 
to prevent tipping. 

FR4. During tornado/high wind events, the CCCoE must be of sufficient mass and 
dimensions to prevent tipping, sliding, or lid loss. 

FR5. During NPH events, the CCCoE must be impact resistant such that the collapse 
of light/moderate structures or falling structural objects (e.g. light fixtures, 
cable trays, or conduits) do not impact the Material At Risk (MAR) inside the 
CCCoE. 

Reference 1 specifies that Performance Category 3 (PC-3) natural phenomena hazards 
criteria should be used for the considered NPH events.  Reference 5 defines the specific 
conditions that are associated with PC-3 events addressed in this calculation.  

SRS Closed Concrete Culvert Physical Integrity Calculations 

There are two types of concrete culverts in use at SRS.  One type has a uniform 6” thick 
flat bottom (Reference 7).  The second type has two 5” deep fork-truck tine pockets cut 
into the 12” thick bottom (Reference 6).  The concrete culverts with tine pockets have an 
88” outer diameter (OD), 96” external height (H), and a tare weight of 22,000 lbs.  The 
concrete culverts without pockets were fabricated with outer diameters of 86” and 88”.  
The H of both of these culverts is 90”, and the minimum tare weight for these two 
designs is 19,200 lbs. (Reference 10)  
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1. Assessment of Culvert Sliding during Tornado/High Wind Event (FR 4)

Input Variables: 

Maximum Wind Speed for high wind event = 133 mph [Reference 5] 
Maximum Wind Speed for tornado event = 180 mph [Reference 5] 
Maximum Culvert Outer Diameter = 88”  [References 6 and 7] 
Minimum Culvert Outer Diameter = 86”  [References 6 and 7] 
Maximum Culvert Height = 96” [References 6 and 7] 
Minimum Culvert Height = 84” [References 6 and 7] 
Minimum Culvert Weight = 19,200 lbs [Reference 10] 
Assumed Air Density, 𝜌𝑎𝑖𝑟 saturated @20°C= 1.194 kg/m3 [Reference 11] 
Assumed Air Viscosity, 𝜇𝑎𝑖𝑟 @20°C = 1.8E-5 kg/m*sec [Reference 10] 

The force produced by the wind, incident upon the face of the culvert, during this event is 
given by the following equation that is derived from the definition of Drag Coefficient 
(Reference 11): 

𝐹𝑤𝑖𝑛𝑑 = �0.5
𝑔𝑐
� �𝐶𝑑𝑟𝑎𝑔�(𝐷𝑎𝑖𝑟)(𝐴)(𝑉)2          [Reference 11]  (Eq. 1) 

Where: 

𝐹𝑤𝑖𝑛𝑑  = Force of Wind, N 

𝐶𝑑𝑟𝑎𝑔 = Drag Coefficient, dimensionless 

𝐷𝑎𝑖𝑟  = Air Density, 𝑘𝑔
𝑚3 

𝐴      = Area presented to the wind, 𝑚2 

𝑉      = Air Velocity, 𝑚
𝑠𝑒𝑐

 

𝑔𝑐    = Force Conversion Factor, 1 𝑘𝑔∗𝑚
𝑁∗ 𝑠𝑒𝑐2

Reference 10 provides a table of 𝐶𝑑𝑟𝑎𝑔 as a function of the Reynolds number for an 
object in a fluid, 𝑁𝑅𝑒,𝑝.  The Reynolds number can be calculated with the following 
equation: 

𝑁𝑅𝑒,𝑝 =  𝑉∗𝜌𝑎𝑖𝑟∗𝐷𝑝
𝜇𝑎𝑖𝑟

[Reference 10] 

Where,  

𝐷𝑝  =  Characteristic Length of Object = Diameter for a cylinder [Reference 10]  
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Solving for 𝑁𝑅𝑒,𝑝; with V = 180 miles/hr = 80.46 m/sec 

𝑁𝑅𝑒,𝑝 =  �
80.46 𝑚
𝑠𝑒𝑐

� �
1.194 𝑘𝑔

𝑚3 � �
88 𝑖𝑛𝑐ℎ𝑒𝑠 

� �
1 𝑚

39.37 𝑖𝑛𝑐ℎ𝑒𝑠
� �

𝑚 ∗ 𝑠𝑒𝑐
1.8𝐸 − 5 𝑘𝑔

� 

𝑁𝑅𝑒,𝑝 = 1.19E+7 

The figure in Reference 10 gives values for 𝐶𝑑𝑟𝑎𝑔 as a function of 𝑁𝑅𝑒,𝑝 for Reynolds 
numbers up to 1.0E+6.  For a cylinder, 𝐶𝑑𝑟𝑎𝑔 = 0.38 @ 𝑁𝑅𝑒,𝑝 = 1.0E+6.  However, at 
Reynolds numbers above 3.0E+5, the drag coefficient is nearly constant (Reference 10). 
Thus, for this condition, the following conservative value for the drag coefficient will be 
used; 

𝐶𝑑𝑟𝑎𝑔 = 0.50 

The area of the culvert presented to the wind is given by the following equation; 

𝐴  =  (Maximum Culvert Outer Diameter) * (Maximum Culvert Height) 

𝐴  =  �88 𝑖𝑛𝑐ℎ𝑒𝑠
 

� �96 𝑖𝑛𝑐ℎ𝑒𝑠
 

� � 1 𝑚
39.37 𝑖𝑛𝑐ℎ𝑒𝑠

�
2

𝐴  =  5.36 m2 

Using these values for the drag coefficient, the area presented to the wind, and the 
maximum wind speed of 180 mph (80.46 m/s), the equation for the force of the wind on 
the culvert (Eq. 1) can be solved. 

𝐹𝑤𝑖𝑛𝑑 = �
0.5 𝑁 ∗ 𝑠𝑒𝑐2

𝑘𝑔 ∗ 𝑚
� (0.50) �

1.194 𝑘𝑔
𝑚3 � (5.36 𝑚2) �

80.46 𝑚
𝑠𝑒𝑐

�
2

𝑭𝒘𝒊𝒏𝒅 = 𝟏𝟎, 𝟑𝟔𝟎 𝑵 

An alternate methodology to calculate the force of wind on the culvert (Fwind) is outlined 
in Reference 5, Section 5.2.1.7.  Using this alternate methodology (Reference 5 
recommends using the methodology of Section 28.4.1 of ASCE/SEI 7 Minimum Design 
Loads For Buildings and Other Structures), the resultant Fwind is approximately 30% 
lower.  Since Equation 1 resulted in a higher (i.e. more conservative) estimate of the wind 
force on a culvert, the methodology of Equation 1 was used for this calculation. 

The minimum force required for a culvert to slide can be calculated using the following 
equation; 

𝐹𝑚𝑖𝑛 = (𝑚𝑐𝑢𝑙)(𝑔)�𝐶𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛� [Reference 12] 



Calculation Number Sheet No. Rev. 
G-CLC-E-00308 9 of  35 1 

Where, 

𝐹𝑚𝑖𝑛  = Minimum force required to slide a culvert, N 

𝑚𝑐𝑢𝑙 = Mass of culvert (conservative empty weight used) = 19,200 lbs = 8709 kg 

𝑔  = Acceleration of gravity, 9.8066 m/s2 

𝐶𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛  = Coefficient of friction for concrete on concrete = 0.3 [Reference 13] 

Therefore,  

𝐹𝑚𝑖𝑛 = (8709 𝑘𝑔) �
9.8066 𝑚

𝑠2
� (0.3) 

𝑭𝒎𝒊𝒏 = 𝟐𝟓, 𝟔𝟐𝟎 𝑵 

Thus, it takes at least 25,620 N of force to slide/move a culvert.  Since the force of the 
tornado/high wind on the culvert (e.g. 10,360 N) is less than the force needed to slide the 
culvert, the culvert will not slide/move during a tornado/high wind event. 

2. Assessment of Culvert Tipping during Tornado/High Wind Event (FR4)

The force diagram in Figure 1 illustrates the forces/torques that apply in a culvert tipping 
event. 

𝐹𝑟𝑒𝑠𝑖𝑠𝑡 

Figure 1 

Culvert 

𝑅𝑐𝑢𝑙 

1
2
𝐻𝑐𝑢𝑙 

𝐹𝑤𝑖𝑛𝑑 

𝑔 ∗ 𝑚𝑐𝑢𝑙 

Culvert 
Center of 
Gravity 
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Conducting a force balance on Figure 1, it can be seen that the moment that must be 
exceeded to overturn a culvert is given by the following equation; 

𝑀𝑂𝑇 = (𝑅𝑐𝑢𝑙)(𝐹𝑟𝑒𝑠𝑖𝑠𝑡) = (𝑅𝑐𝑢𝑙)(𝑚𝑐𝑢𝑙)(𝑔) 

Where,  

𝑀𝑂𝑇 = Moment required to overturn a culvert, N*m 

𝐹𝑟𝑒𝑠𝑖𝑠𝑡  = Minimum force to prevent tipping, N 

𝑅𝑐𝑢𝑙 = Radius of culvert (conservative minimum radius) = 43 inches = 1.09 m 

𝑚𝑐𝑢𝑙 = Mass of culvert (conservative empty weight used) = 19,200 lbs = 8709 kg 

𝑔  = Acceleration of gravity, 9.8 m/s2 

Solving for overturning moment,  

𝑀𝑂𝑇 = (1.09 𝑚)(8709 𝑘𝑔) �
9.8 𝑚
𝑠2

�

𝑴𝑶𝑻 = 𝟗𝟑, 𝟎𝟑𝟎 𝑵 ∗ 𝒎 

The moment applied to the culvert by the calculated maximum force applied to the 
culvert by the wind (𝐹𝑤𝑖𝑛𝑑 = 10,360 𝑁) is given by the following equation (See Figure 
1); 

𝑀𝑤𝑖𝑛𝑑 = �
1
2
� (𝐹𝑤𝑖𝑛𝑑)(𝐻𝑐𝑢𝑙) 

Where, 

𝐻𝑐𝑢𝑙 = Height of culvert (conservative maximum height) = 96 inches = 2.44 m 

Solving for moment applied to the culvert by the maximum wind,  

𝑀𝑤𝑖𝑛𝑑 = �
1
2
� (10,360 𝑁)(2.44 𝑚) 

𝑴𝒘𝒊𝒏𝒅 = 𝟏𝟐, 𝟔𝟒𝟎 𝑵 ∗𝒎 

Thus, it takes a moment of at least 93,030 N*m to overturn a culvert.  Since the moment 
on the culvert from the force of the maximum wind on the culvert (e.g. 12,640 N*m) is 
less than the moment needed to overturn the culvert, the culvert will not overturn during a 
tornado/high wind event. 
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3. Assessment of Culvert Lid Loss during Tornado/High Wind Event (FR4)

The maximum pressurization change associated with a PC-3 tornado (∆𝑃𝑡𝑜𝑟𝑛𝑎𝑑𝑜) is 70 
lbs/ft2 (Reference 1).  The total lifting force exerted on the culvert lid during this 
pressurization change (𝐹∆𝑝𝑟𝑒𝑠𝑠) can be calculated as follows; 

𝐹∆𝑝𝑟𝑒𝑠𝑠 =  (∆𝑃𝑡𝑜𝑟𝑛𝑎𝑑𝑜)(𝐴) 

Where, 

𝐴  = Area of Culvert Lid exposed to ∆𝑃𝑡𝑜𝑟𝑛𝑎𝑑𝑜, ft2   

The maximum ID of a culvert is 74” = 6.2 ft  [References 6 and 7] 

𝐴 =  𝜋(𝑟𝑙𝑖𝑑)2 = 𝜋 �6.2 𝑓𝑡
2
�
2
 = 30.2 ft2

Solving for 𝐹∆𝑝𝑟𝑒𝑠𝑠 , 

𝐹∆𝑝𝑟𝑒𝑠𝑠 =  �
70 𝑙𝑏𝑠
𝑓𝑡2

� (30.2 𝑓𝑡2) 

𝑭∆𝒑𝒓𝒆𝒔𝒔 =  𝟐, 𝟏𝟏𝟒 𝒍𝒃𝒔 

Thus, the lifting force on the culvert lid during a PC-3 tornado is 2,114 lbs.  The 
minimum weight of a culvert lid is 2600 lbs (Reference 10).  Since the maximum lifting 
force of a PC-3 tornado is less than the weight of a culvert lid, the lid will not lift off the 
culvert. 

4. Assessment of Culvert Tipping during Seismic Event (FR 3)

A PC-3 seismic event will impart a maximum acceleration of 0.375*g (Reference 5), 
where g = acceleration of gravity (9.8 m/sec2).  Thus, the maximum horizontal force 
imparted to the culvert is given below; 

𝐹ℎ𝑜𝑟 = 𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑆𝑒𝑖𝑠𝑚𝑖𝑐 𝐹𝑜𝑟𝑐𝑒 =  (0.375) �9.8 
𝑁
𝑘𝑔
� = 3.675 

𝑁
𝑘𝑔

This horizontal seismic force is applied to the culvert in a lateral direction through the 
center of gravity as shown in Figure 2 below. 
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Where; 

𝐻𝑐𝑢𝑙 = Height of culvert (conservative maximum height) = 96 inches = 2.44 m 

𝑅𝑐𝑢𝑙 = Radius of culvert (conservative minimum radius) = 43 inches = 1.09 m 

𝑚𝑐𝑢𝑙 = Mass of culvert (assume empty culvert) = 19,200 lbs = 8709 kg 

𝑔 = force of gravity = 9.8 m/sec2 

𝐹𝑟𝑒𝑠𝑖𝑠𝑡 = Restoring force (prevents culvert from tipping) 

A force balance of Figure 2 reveals that seismic overturning moment is equal to: 

𝑀𝑠𝑒𝑖𝑠𝑚𝑖𝑐 = (𝐹ℎ𝑜𝑟)(𝑚𝑐𝑢𝑙) �
1
2
𝐻𝑐𝑢𝑙� 

The moment that resists overturning (i.e. results from 𝐹𝑟𝑒𝑠𝑖𝑠𝑡) is equal to: 

𝑀𝑟𝑒𝑠𝑖𝑠𝑡 = (𝑚𝑐𝑢𝑙)(𝑔)(𝑅𝑐𝑢𝑙) 

As long as 𝑀𝑟𝑒𝑠𝑖𝑠𝑡 is greater than 𝑀𝑠𝑒𝑖𝑠𝑚𝑖𝑐 , the culvert will not overturn. 

Solving the two moment values for a culvert in a PC-3 seismic event yields; 

Figure 2 
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𝑅𝑐𝑢𝑙 

1
2
𝐻𝑐𝑢𝑙 

𝐹ℎ𝑜𝑟 

𝑔 ∗ 𝑚𝑐𝑢𝑙 
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𝑀𝑠𝑒𝑖𝑠𝑚𝑖𝑐 = �3.675 𝑁
𝑘𝑔
� (8709 𝑘𝑔) �1

2
� (2.44 𝑚) = 39,047 N*m 

𝑀𝑟𝑒𝑠𝑖𝑠𝑡 = (8709 𝑘𝑔) �9.8 𝑚
𝑠𝑒𝑐2

� (1.09 𝑚) = 93,030 N*m 

Since the overturning moment of a PC-3 seismic event on the culvert (e.g. 39,047 N*m) 
is less than the calculated culvert resisting moment, the culvert will not overturn during a 
PC-3 seismic event. 

5. Assessment of Culvert as a 3 Hour Thermal Barrier (FR 1)

The fire rating of SRS concrete culverts is analyzed and addressed in Reference 14.  This 
Engineering calculation concludes that the fire endurance rating for the concrete culvert 
is greater than 3 hours.   

6. Assessment of Culvert to resist external impacts during NPH event (FR 5)

A PC-3 tornado event includes three tornado missiles that should be considered 
(Reference 1). 

6.1 Timber plank weighing 15 lbs. and traveling a maximum of 100 mph, 
6.2 A 3” diameter steel pipe, 75 lbs., traveling a maximum of 75 mph, 
6.3 A 3,000 lbs. automobile rolling and tumbling at 19 mph. 

If a culvert resists these PC-3 tornado missile impacts (i.e. does not breach the culvert 
wall), it is judged that a closed concrete culvert, impacted by collapse of a light or 
moderate structure, will remain intact such that the contents do not contribute to the event 
MAR.   

Perforation depth of a missile into a concrete wall is calculated by the following equation; 

𝑃 =  427
�𝑓𝑐′

� 𝑊
(𝐷𝑚 )1.8� �

𝑉
1000

�
1.33

[Reference 10]  (Eq. 2) 

Where, 

𝑃 =  Perforation thickness, inches 

𝑓𝑐′ =  compressive strength of concrete, psi 

𝑊 =  Missile weight, lbs. 

𝐷𝑚  =  Diameter of missile, inches 
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𝑉 =  Missile strike velocity, ft/sec 

Each of the three PC-3 tornado missile impact events is evaluated for a closed concrete 
culvert in Sections 6.1 – 6.3. 

6.1 Impact of a timber plank on a concrete wall 

The equation for perforation of a missile into a concrete wall (𝑃) (Eq. 2) will be solved 
for a wooden 2x4.  The actual dimensions of a wooden 2x4 are 1.5” x 3.5”.  The 
equivalent diameter of a 1.5” x 3.5” missile is 2.6” (Reference 10).  The timber is 
assumed to strike on the end of the timber, perpendicular to the culvert wall.  Solving for 
perforation depth for a 2x4 is shown below. 

𝑊 =  Missile weight, 15 lbs. 

𝐷𝑚  =  Diameter of missile, 2.6 inches 

𝑉 =  Missile strike velocity, 100 mph = 146.7 ft/sec 

𝑓𝑐′ =  compressive strength of concrete, 4000 psi [References 6 and 7] 

𝑃 =  427
√4000

� 15
(2.6)1.8� �

146.7
1000

�
1.33

 = 1.41 inches

Therefore a 2x4 timber plank weighing 15 lbs. and traveling a maximum of 100 mph will 
create a 1.41” deep perforation when impacting a 4000 psi compressive strength concrete 
wall.  Since a concrete culvert has a 7” thick wall, the timber will not penetrate through 
the culvert wall. 

6.2 Impact of a 3” steel pipe on a concrete wall 

The equation for perforation of a missile into a concrete wall (𝑃) (Eq. 2) will be solved 
for a 3” steel pipe.  A nominal 3” steel pipe is assumed to have an outer diameter of 3.5”.  
The pipe is assumed to strike on the end of the pipe, perpendicular to the culvert wall.  
Solving for perforation depth for a 3” steel pipe is shown below. 

𝑊 =  Missile weight, 75 lbs. 

𝐷𝑚  =  Diameter of missile, 3.5 inches 

𝑉 =  Missile strike velocity, 75 mph = 110.0 ft/sec 
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𝑓𝑐′ =  compressive strength of concrete, 4000 psi [References 6 and 7] 

𝑃 =  427
√4000

� 75
(3.5)1.8� �

110.0
1000

�
1.33

 = 2.82 inches

Therefore a 3” steel pipe weighing 75 lbs. and traveling a maximum of 75 mph will 
create a 2.82” deep perforation when impacting a 4000 psi compressive strength concrete 
wall.  Since a concrete culvert has a 7” thick wall, the steel pipe will not penetrate 
through the culvert wall. 

6.3 Impact of a tumbling automobile on a concrete wall 

The equation for perforation of a missile into a concrete wall (𝑃) (Eq. 2) will be solved 
for a tumbling automobile.  The tumbling automobile is traveling at 19 mph.  However, 
the automobile total kinetic energy has both translational and rotational components.  The 
total energy (𝐸𝑡) of the rolling/tumbling automobile can be expressed by the following 
equation; 

𝐸𝑡 =  
1
2
𝑚𝑣2 +

1
2
𝐼𝑜𝜔2 

Where, 

𝑚 =  Automobile mass 

𝑣 =  Automobile translational velocity 

𝐼𝑜 =  Automobile rotational moment of inertia 

𝜔 =  Automobile rotational angular velocity 

By setting the above equation equal to an equivalent total kinetic energy, an equivalent 
velocity can be calculated (this equivalent velocity includes both the translational and 
rotational energy). 

𝐸𝑡 =  
1
2
𝑚𝑣2 +

1
2
𝐼𝑜𝜔2 =

1
2
𝑚�𝑣𝑒𝑞�

2

Where, 

𝑣𝑒𝑞 =  Automobile equivalent translational velocity 
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Making the simplifying assumption that the tumbling automobile can be represented by a 
rolling, solid cylinder (i.e. the cylinder is rolling as it moves forward), the following 
relationships can be made. 

𝑣 = 𝑟𝜔 → 𝜔 = 𝑣
𝑟
 

 𝐼𝑜 =  1
2
𝑚𝑟2 

Where, 

𝑟 =  Radius of cylinder 

Substituting these relationships into the equation for equivalent translational velocity 
yields; 

1
2
𝑚�𝑣𝑒𝑞�

2
=

1
2
𝑚𝑣2 +

1
2
�

1
2
𝑚𝑟2� �

𝑣
𝑟
�
2

Solving for 𝑣𝑒𝑞yields; 

𝑣𝑒𝑞 = ��𝑣2 + �
𝑣2

2
��

Where, 

𝑣 =  translational velocity, 19 mph = 27.9 ft/sec 

Therefore, 

𝑣𝑒𝑞 = ���27.9 
𝑓𝑡
𝑠
�
2

+ �
(27.9 𝑓𝑡/𝑠𝑒𝑐)2

2
��

𝑣𝑒𝑞 = 34.2 
𝑓𝑡
𝑠

   (23.3 𝑚𝑝ℎ) 

In order to solve the perforation depth equation (Eq. 2), the 3000 lb. automobile will be 
assumed to have the same perforation depth as a 12” diameter, 3000 lb. solid cylinder 
striking on the end of the cylinder, perpendicular to the culvert wall.  Solving for 
perforation depth (𝑃) is shown below. 

𝑊 =  Missile weight, 3000 lbs 

𝐷𝑚  =  Diameter of missile, 12 inches 
[Note:  For the purpose of solving the perforation depth equation, the 
automobile is modeled as an object with a 12” diameter impact area.  This 
provides a more conservative result as compared to a large, 6’ diameter impact 
area.] 

𝑉 =  Missile strike velocity, 23.3 mph = 34.2 ft/sec 
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𝑓𝑐′ =  compressive strength of concrete, 4000 psi [References 6 and 7] 

𝑃 =  427
√4000

� 3000
(12)1.8� �

34.2
1000

�
1.33

 = 2.60 inches

Therefore, a 3000 lbs. rolling/tumbling automobile traveling a maximum of 19 mph will 
create a 2.60” deep perforation when impacting a 4000 psi compressive strength concrete 
wall.  Since a concrete culvert has a 7” thick wall, the tumbling automobile will not 
penetrate through the culvert wall. 

The above three calculations demonstrate that a culvert will resists the PC-3 tornado 
missile impacts (i.e. does not breach the culvert wall); therefore, it is judged that a closed 
concrete culvert, impacted by collapse of a light or moderate structure, will remain intact 
such that the contents do not contribute to the event MAR.   

7. Assessment of Culvert to resist internal explosion events (FR 2)

A closed concrete culvert is required to provide containment (i.e. no breaching or 
removal of culvert wall/lid) of all contents in the event of an internal 
explosion/deflagration of an overpacked waste container.  There are two types of waste 
containers that could be placed into a closed concrete culvert overpack;  

• Drum,
• Standard Waste Box (SWB).

Reference 16 states that lid loss will not occur from deflagration in an SWB because the 
lid is very heavy and bolted onto the body of the box.  Only failure of the SWB lid seal 
would result from a fire/deflagration in an SWB.  Thus, ejection of an SWB is not a 
scenario that needs to be considered. 

Reference 1 states that actual explosion testing performed in 1986 indicated that 
deflagration in a drum resulted in drum lid loss.  This testing measured the drum lid 
ejection velocity to be 74 mph.  The weight of a 55-gallon drum lid (𝑊) is estimated 
below. 

𝑊 = (𝜋)(𝑟)2(𝑡)(𝜌) 
Where,  

𝑟 =  Lid radius, 12” 
𝑡  =  Lid thickness, 0.05998” (16 gauge steel) 
𝜌  =  Material density, 500 lbs/ft3 (maximum steel density) 

Solving for 𝑊; 
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𝑊 = (𝜋)(12 𝑖𝑛)2(0.05998 𝑖𝑛) �
500 𝑙𝑏𝑠
𝑓𝑡3

� �
𝑓𝑡3

1728 𝑖𝑛3
� = 7.85 𝑙𝑏𝑠 

Since this is a calculated value for drum lid weight, to add conservatism to this 
calculation, the drum lid weight is assumed to be 10.0 lbs. 

The energy imparted to the culvert lid as a result of ejection of a drum lid (𝐸𝑙𝑖𝑑) can be 
calculated by the following equation; 

𝐸𝑙𝑖𝑑 =
1
2
𝑚𝑣2 

Where, 

𝑚 =  drum lid mass, 10 lbsm 

𝑣 =  drum lid translational velocity, 74 mph = 108.5 ft/sec 

𝐸𝑙𝑖𝑑 =
1
2

(10 𝑙𝑏𝑠𝑚) �
108.5 𝑓𝑡
𝑠𝑒𝑐

�
2

�
𝑙𝑏𝑠𝑓 ∗ 𝑠𝑒𝑐2

32.174 𝑙𝑏𝑠𝑚 ∗ 𝑓𝑡
� = 1,829 𝑙𝑏𝑠𝑓 

The minimum weight of a culvert lid is 2600 lbsm (Reference 10).  The amount of force 
(lbsf) it would take to move/displace the culvert lid (𝐸𝑚𝑜𝑣𝑒) is calculated below. 

𝐸𝑚𝑜𝑣𝑒 =  (2600 𝑙𝑏𝑠𝑚) �
1 𝑙𝑏𝑠𝑓
1 𝑙𝑏𝑠𝑚

� = 2,600 𝑙𝑏𝑠𝑓 

Since the energy imparted to the culvert lid from the ejected drum lid (𝐸𝑙𝑖𝑑) is less than 
the energy necessary to move the culvert lid (𝐸𝑚𝑜𝑣𝑒), the culvert lid is not displaced 
during a drum lid ejection event. 

The perforation depth of a drum lid impact into the culvert lid can be calculated using the 
equation 2 (Eq. 2); 

𝑃 =  427
�𝑓𝑐′

� 𝑊
(𝐷𝑚 )1.8� �

𝑉
1000

�
1.33

[Reference 10] (Eq. 2) 

Where, 

𝑃 =  Perforation depth, inches 

𝑓𝑐′ =  compressive strength of concrete, 4000 psi 

𝑊 =  Drum Lid weight, 10 lbs 

𝐷𝑚  =  Diameter of lid impact, inches 
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𝑉 =  Drum lid strike velocity, 108.5 ft/sec 

The maximum perforation depth would occur if the drum lid impacted the culvert lid in a 
perpendicular orientation.  Since the drum lid has a 0.5” radius rolled edge, the diameter 
of impact is assumed to be 1.0”.  This is a very conservative since the impact would 
result in significant deformation to the drum lid, resulting a larger lid impact area and 
adsorption of impact energy. 

Solving for perforation depth; 

𝑃 =  427
√4000

� 10
(1.0)1.8� �

108.5
1000

�
1.33

= 3.52 inches

Since the lid thickness is 6” (References 6 and 7), the culvert lid will not be breached in 
the event of a drum deflagration and subsequent drum lid ejection into the culvert lid.   

In summary, a closed concrete culvert will provide containment (i.e. no breaching or 
removal of culvert wall/lid) in the event of an internal explosion/deflagration of an 
overpacked waste container.  An SWB deflagration does not cause a lid ejection and 
would therefore be completely contained by the closed concrete culvert.  A drum 
deflagration does result in a drum lid ejection, however, the energy imparted from the 
drum lid to the concrete culvert lid is insufficient to move or breach the lid.   

Closed Concrete Box Overpack (CBO) Physical Integrity Calculations 

The closed Concrete Box Overpack (CBO) is a large concrete box designed as a CCCoE 
that can accommodate a SLB-2 waste container.  The dimensions and physical 
characteristics of the CBO are identified in Input 2 (design drawing included as 
Attachment 1).  To provide conservatism to these calculations, dimensional tolerances of 
+0.75” / -0.5” will be applied to both the internal and external box dimensions.  These 
values will be applied to the nominal dimension used in these calculations (i.e. 0.75” 
added for a maximum dimension, 0.5” subtracted for a minimum dimension).  

8. Assessment of CBO Sliding during Tornado/High Wind Event (FR 4)

Input Variables: 

Maximum Wind Speed for high wind event = 133 mph [Reference 5] 
Maximum Wind Speed for tornado event = 180 mph [Reference 5] 
Max CBO Length = 132.75”  [Reference 8] 
Max CBO Width = 93.75”  [Reference 8] 
Max CBO Height = 105.75”  [Reference 8] 
Empty CBO Weight = 32,100 lbs  [Reference 8] 
Assumed Air Density, 𝜌𝑎𝑖𝑟 saturated @20°C= 1.194 kg/m3 [Reference 11] 
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Assumed Air Viscosity, 𝜇𝑎𝑖𝑟 @20°C = 1.8E-5 kg/m*sec [Reference 10] 

The force produced by the wind, incident upon the face of the CBO, during this event is 
given by the following equation that is derived from the definition of Drag Coefficient 
(Reference 11): 

𝐹𝑤𝑖𝑛𝑑 = �0.5
𝑔𝑐
� �𝐶𝑑𝑟𝑎𝑔�(𝐷𝑎𝑖𝑟)(𝐴)(𝑉)2          [Reference 11]  (Eq. 1) 

Where: 

𝐹𝑤𝑖𝑛𝑑  = Force of Wind, N 

𝐶𝑑𝑟𝑎𝑔 = Drag Coefficient, dimensionless 

𝐷𝑎𝑖𝑟  = Air Density, 𝑘𝑔
𝑚3 

𝐴      = Area presented to the wind, 𝑚2 

𝑉      = Air Velocity, 𝑚
𝑠𝑒𝑐

 

𝑔𝑐    = Force Conversion Factor, 1 𝑘𝑔∗𝑚
𝑁∗ 𝑠𝑒𝑐2

Attachment 2 includes a table of 𝐶𝑑𝑟𝑎𝑔 for several common shapes.  The 𝐶𝑑𝑟𝑎𝑔 for a cube 
would be appropriate to assign to the CBO.  Therefore, 𝐶𝑑𝑟𝑎𝑔 for the CBO is equal to 
1.10.  Note the table in Attachment 2 is consistent with Reference 10 which was used to 
estimate 𝐶𝑑𝑟𝑎𝑔 for the concrete culvert (calculated to be 0.38, conservatively assigned a 
value of 0.5 for the culvert).  

The maximum area of the CBO presented to the wind is given by the following equation; 

𝐴  =  (CBO Length) * (CBO Height) 

𝐴  =  �132.75 𝑖𝑛𝑐ℎ𝑒𝑠
 

� �105.75 𝑖𝑛𝑐ℎ𝑒𝑠
 

� � 1 𝑚
39.37 𝑖𝑛𝑐ℎ𝑒𝑠

�
2

𝐴  =  9.06 m2 

Using these values for the drag coefficient, the area presented to the wind, and the 
maximum wind speed of 180 mph (80.46 m/s), the equation for the force of the wind on 
the CBO (Eq. 1) can be solved. 

𝐹𝑤𝑖𝑛𝑑 = �
0.5 𝑁 ∗ 𝑠𝑒𝑐2

𝑘𝑔 ∗ 𝑚
� (1.10) �

1.194 𝑘𝑔
𝑚3 � (9.06 𝑚2) �

80.46 𝑚
𝑠𝑒𝑐

�
2
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𝑭𝒘𝒊𝒏𝒅 = 𝟑𝟖, 𝟓𝟏𝟕 𝑵 

An alternate methodology to calculate the force of wind on the CBO (Fwind) is outlined in 
Reference 5, Section 5.2.1.7.  Using this alternate methodology (Reference 5 
recommends using the methodology of Section 28.4.1 of ASCE/SEI 7 Minimum Design 
Loads For Buildings and Other Structures), the resultant Fwind is approximately 30% 
lower.  Since Equation 1 resulted in a higher (i.e. more conservative) estimate of the wind 
force on a culvert, the methodology of Equation 1 was used for this calculation. 

The minimum force required for a CBO to slide can be calculated using the following 
equation; 

𝐹𝑚𝑖𝑛 = (𝑚𝐶𝐵𝑂)(𝑔)�𝐶𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛� [Reference 12] 

Where, 

𝐹𝑚𝑖𝑛  = Minimum force required to slide a CBO, N 

𝑚𝐶𝐵𝑂 = Mass of CBO (conservative empty weight used) = 32,100 lbs = 14,560 kg 

𝑔  = Acceleration of gravity, 9.8066 m/s2 

𝐶𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛  = Coefficient of friction for concrete on concrete = 0.3 [Reference 13] 

Therefore, 

𝐹𝑚𝑖𝑛 = (14,560 𝑘𝑔) �
9.8066 𝑚

𝑠2
� (0.3) 

𝑭𝒎𝒊𝒏 = 𝟒𝟐, 𝟖𝟑𝟓 𝑵 

Thus, it takes at least 42,850 N of force to slide/move a CBO.  Since the force of the wind 
on the CBO (e.g. 38,517 N) is less than the force needed to slide the CBO, the CBO will 
not slide/move during a tornado/high wind event.  This conclusion is valid for a CBO 
fabricated to the dimensional tolerances of Reference 8.  

9. Assessment of CBO Tipping during Tornado/High Wind Event (FR4)

The force diagram in Figure 3 illustrates the forces/moments that apply in a CBO 
tipping/overturning event. 
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Conducting a force balance on Figure 3, it can be seen that the moment that must be 
exceeded to overturn a CBO (MOT) is given by the following equation; 

𝑀𝑂𝑇 = �
𝑊𝐶𝐵𝑂

2
� (𝐹𝑟𝑒𝑠𝑡𝑜𝑟𝑒) = �

𝑊𝐶𝐵𝑂

2
� (𝑚𝐶𝐵𝑂)(𝑔) 

Where, 

𝑀𝑂𝑇 = Minimum moment required to overturn a CBO, N*m 

𝐹𝑟𝑒𝑠𝑖𝑠𝑡  = Minimum force to prevent overturning, N 

𝑊𝐶𝐵𝑂 = Min Width of CBO = 92.5 inches = 2.35 m 

𝑚𝐶𝐵𝑂 = Mass of CBO (conservative empty weight used) = 32,100 lbs = 14,560 kg 

𝑔  = Acceleration of gravity, 9.8 m/s2 

Solving for minimum overturning moment,  

𝑀𝑂𝑇 = �
2.35 𝑚

2
� (14,560 𝑘𝑔) �

9.8 𝑚
𝑠2

� 

𝑴𝑶𝑻 = 𝟏𝟔𝟕, 𝟔𝟓𝟖 𝑵 ∗ 𝒎 

Figure 3 

CBO  

𝑊𝐶𝐵𝑂

2

1
2
𝐻𝐶𝐵𝑂 

𝐹𝑤𝑖𝑛𝑑 

𝑔 ∗ 𝑚𝐶𝐵𝑂 

𝐹𝑟𝑒𝑠𝑖𝑠𝑡 

CBO 
Center of 
Gravity 
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The overturning moment applied by the calculated maximum force applied to the CBO 
by the wind (𝐹𝑤𝑖𝑛𝑑 = 38,517 𝑁) is given by the following equation (See Figure 3); 

𝑀𝑤𝑖𝑛𝑑 = �
1
2
� (𝐹𝑤𝑖𝑛𝑑)(𝐻𝐶𝐵𝑂) 

Where, 

𝐻𝐶𝐵𝑂 = Max Height of CBO = 105.75 inches = 2.69 m 

Solving for moment applied to the CBO by the maximum wind, 

𝑀𝑤𝑖𝑛𝑑 = (0.5)(38,517 𝑁)(2.69 𝑚) 

𝑴𝒘𝒊𝒏𝒅 = 𝟓𝟏, 𝟖𝟎𝟓 𝑵 ∗𝒎 

Thus, it takes a moment of at least 167,658 N*m to overturn a CBO.  Since the moment 
of the wind on the CBO (e.g. 51,805 N*m) is less than the moment needed to overturn the 
CBO, the CBO will not overturn during a tornado/high wind event.  This conclusion is 
valid for a CBO fabricated to the dimensional tolerances of Reference 8. 

10. Assessment of CBO Lid Loss during Tornado/High Wind Event (FR4)

The maximum pressurization change associated with a PC-3 tornado (∆𝑃𝑡𝑜𝑟𝑛𝑎𝑑𝑜) is 70 
lbsf/ft2 (Reference 1).  The total lifting force exerted on the CBO lid during this 
pressurization change (𝐹∆𝑝𝑟𝑒𝑠𝑠) can be calculated as follows; 

𝐹∆𝑝𝑟𝑒𝑠𝑠 =  (∆𝑃𝑡𝑜𝑟𝑛𝑎𝑑𝑜)(𝐴) 

Where, 

𝐴  = Area of CBO Lid exposed to ∆𝑃𝑡𝑜𝑟𝑛𝑎𝑑𝑜, m2   

The max inner length of a CBO is 120.75” = 10.06 ft [Reference 8] 
The max inner width of a CBO is 81.75” = 6.81 ft [Reference 8] 

𝐴 =  (𝐶𝐵𝑂 𝐼𝑛𝑛𝑒𝑟 𝐿𝑒𝑛𝑔𝑡ℎ)(𝐶𝐵𝑂 𝐼𝑛𝑛𝑒𝑟 𝑊𝑖𝑑𝑡ℎ) = (10.06 𝑓𝑡)(6.81 𝑓𝑡) = 68.51 ft2 

Solving for 𝐹∆𝑝𝑟𝑒𝑠𝑠 , 

𝐹∆𝑝𝑟𝑒𝑠𝑠 =  �
70 𝑙𝑏𝑠𝑓
𝑓𝑡2

� (68.51 𝑓𝑡2) 

𝑭∆𝒑𝒓𝒆𝒔𝒔 =  𝟒, 𝟕𝟗𝟔 𝒍𝒃𝒔𝒇 
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Thus, the lifting force on the CBO lid during a PC-3 tornado is 4,796 lbsf.  The weight of 
a CBO lid is 5,100 lbs (Reference 8).  Converting lbsf to lbsm, (1 lbsf = 1 lbsm), the weight 
of the lid is more than the tornado lifting force.  Since the maximum lifting force of a PC-
3 tornado is less than the weight of a CBO lid, the lid will not lift off the CBO.  This 
conclusion is valid for a CBO fabricated to the dimensional tolerances of Reference 8. 

11. Assessment of CBO Overturning during Seismic Event (FR 4)

A PC-3 seismic event will impart a maximum acceleration of 0.375 g (Reference 5), 
where g = acceleration of gravity (9.8 m/sec2).  Thus, the maximum horizontal force 
imparted to the CBO is given below; 

𝐹ℎ𝑜𝑟 = 𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑆𝑒𝑖𝑠𝑚𝑖𝑐 𝐹𝑜𝑟𝑐𝑒 =  (0.375) �9.8 
𝑁
𝑘𝑔
� = 3.675 

𝑁
𝑘𝑔

This horizontal seismic force is applied to the CBO in a lateral direction through the 
center of gravity as shown in Figure 4 below. 

Where; 

𝐻𝐶𝐵𝑂 = Max Height of CBO = 105.75 inches = 2.69 m 

𝑊𝐶𝐵𝑂 = Min Width of CBO = 92.5 inches = 2.35 m 

𝑚𝐶𝐵𝑂 = Mass of CBO (conservative empty weight used) = 32,100 lbs = 14,560 kg 

Figure 4 
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𝑔 = force of gravity = 9.8 m/sec2 

𝐹𝑟𝑒𝑠𝑖𝑠𝑡 = Resisting force (prevents CBO from overturning) 

A force balance of Figure 4 reveals that seismic overturning moment is equal to: 

𝑀𝑠𝑒𝑖𝑠𝑚𝑖𝑐 = (𝐹ℎ𝑜𝑟)(𝑚𝐶𝐵𝑂) �
1
2
𝐻𝐶𝐵𝑂� 

The moment that resists overturning (results from 𝐹𝑟𝑒𝑠𝑖𝑠𝑡) is equal to: 

𝑀𝑟𝑒𝑠𝑖𝑠𝑡 = (𝑚𝐶𝐵𝑂)(𝑔) �
𝑊𝐶𝐵𝑂

2
� 

As long as 𝑀𝑟𝑒𝑠𝑖𝑠𝑡 is greater than 𝑀𝑠𝑒𝑖𝑠𝑚𝑖𝑐 , the CBO will not overturn. 

Solving the two torque moment for a CBO in a PC-3 seismic event yields; 

𝑀𝑠𝑒𝑖𝑠𝑚𝑖𝑐 = �3.675 𝑁
𝑘𝑔
� (14560 𝑘𝑔) �1

2
� (2.69 𝑚) = 71,968 N*m 

𝑀𝑟𝑒𝑠𝑖𝑠𝑡 = (14560 𝑘𝑔) �9.8 𝑚
𝑠𝑒𝑐2

� �2.35 𝑚
2

� = 167,658 N*m 

Since the overturning moment of a PC-3 seismic event on the CBO (e.g. 71,968 N*m) is 
less than the calculated CBO resisting moment, the CBO will not overturn during a PC-3 
seismic event.  This conclusion is valid for a CBO fabricated to the dimensional 
tolerances of Reference 8. 

12. Assessment of CBO as a 3 Hour Thermal Barrier (FR 1)

Table 1 (Reference 15) presents the Factory Mutual equivalent fire ratings for reinforced 
concrete walls. 

The fire rating of a reinforced concrete wall is dependent on the wall thickness and the 
aggregate used in the concrete.  Reference 8 reports that CBO is fabricated with a 
lightweight concrete that contains Stalite lightweight aggregate.  Since Reference 9 
allows a CBO to have a minimum wall, lid, and bottom thickness of 5.5”, the CBO fire 
endurance rating is greater than 3 hours.  This conclusion is valid for a CBO fabricated to 
the dimensional tolerances of Reference 8. 
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Table 1 
Fire Endurance and Minimum Thickness of Concrete Walls 

13. Assessment of CBO to resist external impacts during NPH event (FR 5)

A PC-3 tornado event includes three tornado missiles that should be considered 
(Reference 1). 

13.1 Timber plank weighing 15 lbs. and traveling a maximum of 100 mph, 
13.2 A 3” diameter steel pipe, 75 lbs., traveling a maximum of 75 mph, 
13.3 A 3,000 lbs. automobile rolling and tumbling at 19 mph. 

If a CBO resists these PC-3 tornado missile impacts (i.e. does not breach the CBO wall), 
it is judged that a closed CBO, impacted by collapse of a light or moderate structure, will 
remain intact such that the contents do not contribute to the event MAR.   

Perforation depth of a missile into a concrete wall is calculated by the following equation; 

𝑃 =  427
�𝑓𝑐′

� 𝑊
(𝐷𝑚 )1.8� �

𝑉
1000

�
1.33

[Reference 10]  (Eq. 2) 

Where, 

𝑃 =  Perforation thickness, inches 

𝑓𝑐′ =  compressive strength of concrete, psi 

𝑊 =  Missile weight, lbs 

𝐷𝑚  =  Diameter of missile, inches 

𝑉 =  Missile strike velocity, ft/sec 

Each of the three PC-3 tornado missile impacts is evaluated for a closed CBO in Sections 
13.1 – 13.3. 



Calculation Number Sheet No. Rev. 
G-CLC-E-00308 27 of  35 1 

13.1 Impact of a timber plank on a concrete wall 

The equation for perforation of a missile into a concrete wall (𝑃) (Eq. 2) was solved for a 
wooden 2x4 in the detailed calculation for a closed concrete culvert fabricated with 4000 
psi compressive strength concrete (Section 6.1).  The CBO is also fabricated with 4000 
psi compressive strength concrete (Reference 8).  Thus the calculated perforation depth is 
the same. 

𝑃 = 1.41 inches 

Therefore, a 2x4 timber plank weighing 15 lbs. and traveling a maximum of 100 mph 
will create a 1.41” deep perforation when impacting a 4000 psi compressive strength 
concrete wall.  Since Reference 9 allows a CBO minimum wall thickness of 5.5”, the 
timber will not penetrate through the CBO wall.  This conclusion is valid for a CBO 
fabricated to the dimensional tolerances of Reference 8. 

13.2 Impact of a 3” steel pipe on a concrete wall 

The equation for perforation of a missile into a concrete wall (𝑃) (Eq. 2) was solved for a 
3” steel pipe in the detailed calculation for a closed concrete culvert fabricated with 4000 
psi compressive strength concrete (Section 6.2).  The CBO is also fabricated with 4000 
psi compressive strength concrete (Reference 8).  Thus the calculated perforation depth is 
the same. 

𝑃 = 2.82 inches 

Therefore, a 3” steel pipe weighing 75 lbs. and traveling a maximum of 75 mph will 
create a 2.82” deep perforation when impacting a 4000 psi compressive strength concrete 
wall.  Since Reference 9 allows a CBO minimum wall thickness of 5.5”, the steel pipe 
will not penetrate through the CBO wall.  This conclusion is valid for a CBO fabricated 
to the dimensional tolerances of Reference 8. 

13.3 Impact of a tumbling automobile on a concrete wall 

The equation for perforation of a missile into a concrete wall (𝑃) (Eq. 2) was solved for a 
tumbling automobile in the detailed calculation for a closed concrete culvert fabricated 
with 4000 psi compressive strength concrete (Section 6.3).  The CBO is also fabricated 
with 4000 psi compressive strength concrete (Reference 8).  Thus the calculated 
perforation depth is the same. 

𝑃 = 2.60 inches 

Therefore, a 3000 lbs. rolling/tumbling automobile traveling a maximum of 19 mph will 
create a 2.60” deep perforation when impacting a 4000 psi compressive strength concrete 



Calculation Number Sheet No. Rev. 
G-CLC-E-00308 28 of  35 1 

wall.  Since Reference 9 allows a CBO minimum wall thickness of 5.5”, the tumbling 
automobile will not penetrate through the CBO wall.  This conclusion is valid for a CBO 
fabricated to the dimensional tolerances of References 8 and 9. 

The above three calculations demonstrate that a CBO fabricated in accordance with 
Reference 8 will resist the PC-3 tornado missile impacts (i.e. does not breach the CBO 
wall); therefore, it is judged that a closed CBO, impacted by collapse of a light or 
moderate structure, will remain intact such that the contents do not contribute to the event 
MAR.   

14. Assessment of CBO to resist internal explosion events (FR 2)

A closed CBO is required to provide containment (i.e. no breaching or opening of CBO 
wall/lid) of all contents in the event of an internal explosion/deflagration of an 
overpacked waste container.  There are three types of containers that could be placed into 
a closed CBO;  

• Drum,
• Standard Waste Box (SWB),
• Standard Large Box (SLB-2).

Reference 16 states that lid loss will not occur from deflagration in an SWB because the 
lid is very heavy and bolted onto the body of the box.  Only failure of the SWB lid seal 
will result from a fire/deflagration in an SWB.  Thus, ejection of an SWB is not a 
scenario that needs to be considered. 

Reference 17 (I&A# I CO LSB 1) states that due to the similarity between an SWB and 
SLB-2, the SLB-2 will not experience lid loss during small pool fires.  The fact that an 
SLB-2 lid is heavier and is fastened in a similar manner, as compared to an SWB, is the 
basis for this DSA Input & Assumption.  Due to the similarity in SWB and SLB-2 lid and 
closure design, it is also reasonable to conclude that an SLB-2 would not experience lid 
ejection during a container deflagration (since the SWB does not experience lid loss 
during container deflagration per Reference 16).  Only failure of the SLB-2 lid seal will 
result from a fire/deflagration in an SLB-2.  Thus, ejection of an SLB-2 lid is not a 
scenario that needs to be considered. 

The energy imparted from an ejected drum lid to a concrete culvert lid was calculated to 
be (see Section 7); 

𝐸𝑙𝑖𝑑 = 1,829 𝑙𝑏𝑠𝑓 

The weight of a CBO lid is 5,100 lbsm (Reference 8).  The amount of force (lbsf) it would 
take to move/displace the CBO lid (𝐸𝑚𝑜𝑣𝑒) is calculated below. 

𝐸𝑚𝑜𝑣𝑒 =  (5100 𝑙𝑏𝑠𝑚) �
1 𝑙𝑏𝑠𝑓
1 𝑙𝑏𝑠𝑚

� = 5,100 𝑙𝑏𝑠𝑓 
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Since the energy imparted to the CBO lid from the ejected drum lid (𝐸𝑙𝑖𝑑) is less than the 
energy necessary to move the CBO lid (𝐸𝑚𝑜𝑣𝑒), the CBO lid is not displaced during a 
drum lid ejection event. 

The perforation depth of a drum lid impact into the culvert lid was calculated to be (see 
Section 7); 

𝑃 =3.52 inches 

Since Reference 9 allows a CBO minimum wall thickness of 5.5”, the CBO lid will not 
be breached in the event of a drum deflagration and subsequent drum lid ejection into the 
CBO lid.   

In summary, a closed CBO will provide containment (i.e. no breaching or removal of 
CBO wall/lid) in the event of an internal explosion/deflagration of an overpacked waste 
container.  Neither SWB nor SLB-2 deflagrations would result in a lid ejection and would 
therefore be completely contained by the closed CBO.  A drum deflagration does result in 
a drum lid ejection, however, the energy imparted from the drum lid to the CBO lid is 
insufficient to move or breach the CBO lid.  These conclusions are valid for a CBO 
fabricated to the dimensional tolerances of References 8 and 9. 

Conservatisms 

All conservative assumptions utilized are identified in each respective calculation.  In 
general, a universal conservative assumption is use of the empty culvert/box weight for 
all calculations.  This is a conservative assumption since higher container weights require 
greater forces to slide or tip. 

Results 

This calculation uses the physical dimensions and weight of a closed concrete culvert and 
closed CBO to calculate compliance with Functional Requirements (FR) 1-5 of 
Reference 1.  The results for each FR is summarized below 

FR1. During external fire events, the CCCoE functions as a 3-hour thermal barrier 

• Based on Reference 14, the concrete culvert fire endurance rating is greater
than 3 hours.

• Based on Reference 15, the CBO fire endurance rating is greater than 3
hours.

FR2. During internal explosion events, the CCCoE provides a confinement function 
by limiting the release of material by absorbing or deflecting the forces 
associated with an internal deflagration. 
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• A closed concrete culvert was shown to provide containment (i.e. no
breaching or removal of culvert wall/lid) in the event of an internal
explosion/deflagration of an overpacked waste container.  A SWB
deflagration does not result in a lid ejection and would be completely
contained by the closed concrete culvert.  The energy imparted from an
ejected drum lid is insufficient to move or breach the culvert lid.

• A closed CBO was shown to provide containment (i.e. no breaching or
removal of CBO wall/lid) in the event of an internal explosion/deflagration
of an overpacked waste container.  A SWB or SLB-2 deflagration does not
result in a lid ejection and would be completely contained by the closed
CBO.  The energy imparted from an ejected drum lid is insufficient to
move or breach the CBO lid.

FR3. During seismic events, the CCCoE must be of sufficient mass and dimensions 
to prevent tipping. 

• The tipping torque of a PC-3 seismic event on a culvert is less than the
calculated culvert restoring torque; therefore a culvert will not tip during a
PC-3 seismic event.

• The tipping torque of a PC-3 seismic event on a CBO is less than the
calculated CBO restoring torque; therefore a CBO will not tip during a PC-
3 seismic event.

FR4. During tornado/high wind events, the CCCoE must be of sufficient mass and 
dimensions to prevent tipping, sliding, or lid loss. 

• The force from a tornado/high wind event on the culvert is less than the
force needed to slide the culvert; therefore, the culvert will not slide/move
during a tornado/high wind event.

• The torque from a tornado/high wind event on the culvert is less than the
torque needed to tip the culvert; therefore the culvert will not tip during a
tornado/high wind event.

• The maximum lifting force of a PC-3 tornado is less than the weight of a
culvert lid; therefore the lid will not lift off a culvert during a tornado/high
wind event.

• The force from a tornado/high wind event on a CBO is less than the force
needed to slide the CBO; therefore, the CBO will not slide/move during a
tornado/high wind event.

• The torque from a tornado/high wind event on a CBO is less than the
torque needed to tip the CBO; therefore the CBO will not tip during a
tornado/high wind event.

• The maximum lifting force of a PC-3 tornado is less than the weight of a
CBO lid; therefore the lid will not lift off a culvert during a tornado/high
wind event.



Calculation Number Sheet No. Rev. 
G-CLC-E-00308 31 of  35 1 

FR5. During NPH events, the CCCoE must be impact resistant such that the collapse 
of light/moderate structures or falling structural objects (e.g. light fixtures, 
cable trays, or conduits) do not impact the Material At Risk (MAR) inside the 
CCCoE. 

• A culvert was shown to resist the three specified PC-3 tornado missile
impacts (i.e. does not breach the culvert wall); therefore, it is judged that a
closed concrete culvert, impacted by collapse of a light or moderate
structure, will remain intact such that the contents do not contribute to the
event MAR.

• A CBO was shown to resist the three specified PC-3 tornado missile
impacts (i.e. does not breach the culvert wall); therefore, it is judged that a
closed CBO, impacted by collapse of a light or moderate structure, will
remain intact such that the contents do not contribute to the event MAR.

Conclusion 

This analysis outlined in this Engineering calculation demonstrates the the physical 
dimensions and weight of a closed concrete culvert (as described by Reference 6 and 7) 
and closed Concrete Box Overpack (as described by Reference 8 and 9) comply with 
Functional Requirements (FR) 1-5 of Reference 1.  The Purpose and Objectives of this 
calculation have been met. 
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Attachment 1 
Concrete Box Overpack Fabrication Drawing 
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Attachment 2 
Drag Coefficients 
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Introduction:  

The Solid Waste Management Facility (SWMF) Documented Safety Analysis (DSA) 
(Reference 1) identifies the safety function of a Closed Concrete Culvert or Equivalent 
(CCCoE) as limiting the radiological inventory available for release during identified 
SWMF accident scenarios.  The DSA specifies six functional requirements of a CCCoE 
such that the safety function can be fulfilled.  The SWMF Technical Safety Requirements 
(TSR) (Reference 2) also defines the five safety functions of a CCCoE.  Both the DSA 
and TSR require that a CCCoE must be designed/fabricated such that the overpack 
headspace gas hydrogen concentration cannot exceed the Lower Flammability Limit 
(LFL).  Reference 1 identifies the hydrogen LFL as 40,000 ppm (= 4.0 vol%).  
Fabrication of a CCCoE from a sufficiently permeable material of construction and 
limiting the maximum Plutonium Equivalent Curies (PEC) that can be overpacked into a 
CCCoE can ensure flammable headspace gas concentrations will not exceed the LFL.  
This calculation addresses the expected headspace flammable gas concentration in two 
CCCoE configurations. 

Open Items:  

 None 

Inputs: 

Input 1 

A conservative permeability (𝑘) for SRS concrete culverts and concrete box overpacks 
that compensates for permeability reduction due to water and debris entrapment under 
actual field conditions is use of the lowest measured Klinkenberg permeability (𝑘∞) of 
SRS concrete culvert core-drilled samples (𝑘∞ = 0.0382 millidarcies). 

Basis For Why This Input Is Valid: 

Reference 3 documents laboratory gas permeability measurements of actual SRS concrete 
culvert core-drilled samples and samples of laboratory-prepared concrete mixes.  The 
most conservative (i.e. lowest) Klinkenberg gas permeability value measured was 0.0382 
millidarcies.  The concrete box overpacks are fabricated with the same wall thickness and 
a similar concrete specification (i.e. 4,000 psi compressive strength with stone aggregate) 
that was used in the manufacture of the SRS concrete culverts (Reference 4 and 5).  
Therefore, gas permeability of the concrete box overpacks should be comparable to the 
SRS concrete culverts. 

Input 2 

The radiolytic hydrogen generation rate in SRS legacy TRU waste is 0.22 (millimoles H2) 
/ (day * PEC). 
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Basis For Why This Input Is Valid: 

Reference 6 is an approved SRS Engineering Calculation that identified 0.22 millimoles / 
day / PEC as the radiolytic hydrogen generation rate in SRS TRU waste containers.   

Input 3 

Fluid Flow through porous media is described by the Darcy equation (Reference 3, 
Equation 1). 

𝑄 = � 
𝑘
𝜇

 �  (𝐴) �
𝑑𝑃
𝑑𝐿
� 

𝑄 =  Volumetric Flow Rate, m3 / hr 

k = Permeability = darcy, (𝑐𝑐 𝑠𝑒𝑐⁄ )(𝑐𝑝)
(𝑠𝑞 𝑐𝑐)(𝑎𝑡𝑚) 𝑐𝑚⁄

𝜇 = Viscosity, kg / (m * hr) 

𝐴 = Area, m2 

𝑑𝑃
𝑑𝐿

= Pressure Gradient, (kg * m) / (hr2 * m2) (m) 

Basis For Why This Input Is Valid: 

Reference 3 is an approved Savannah River Laboratory technical report that calculated 
hydrogen concentrations in SRS culverts containing 1000 curies of high G-value (i.e. 4.0 
molecules /100 eV) waste.  Although the assumptions G-value and curie content are not 
applicable to this calculation, the gas permeability equations are applicable.  The 
applicability of the Darcy Equation and the use of the measured Klinkenberg 
permeability is appropriate for this application and discussed in Reference 3.    

Input 4 

The physical dimensions of an SRS concrete culvert with fork pockets in the base are 
identified in drawing C-CP-E-0006 (Reference 7).   The physical dimensions of an SRS 
concrete culvert without fork pockets in the base are identified in drawing S5-2-9097 
(Reference 8). 
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Basis For Why This Input Is Valid: 

References 7 and 8 are the currently approved versions of controlled drawings for SRS 
concrete culverts. 

Input 5 

The physical dimensions of an SRS concrete box overpack are identified in drawing S1, 
included as Attachment 1 (Reference 9).    

Basis For Why This Input Is Valid: 

Reference 9 is the approved fabrication drawings for manufacture of the SRS concrete 
box overpack.  Container dimensions are verified through receipt inspection per the 
applicable Commercial Grade Dedication (CGD) G-CGD-E-00001 (Reference 10) for 
procurement of these container concrete box overpacks. 

Input 6 

The maximum radionuclide inventory in a CCCoE is 8,500 PEC.   

Basis For Why This Input Is Valid: 

Reference 1 identifies 8,500 PEC as the maximum radionuclide inventory allowed in a 
concrete overpack (i.e. CCCoE). 

Assumptions: 

None  

Analytical Methods and Computations: 

The objective of this calculation is calculate the concentration of hydrogen in the 
headspace of two closed concrete container overpacks (a closed concrete culvert and a 
closed concrete box overpack) containing a maximum radiologic content of 8,500 PEC. 

The concentration of hydrogen gas in the overpack headspace is calculated by solving for 
the Darcy equation (Input 3) pressure gradient (𝑑𝑃

𝑑𝐿
) with the volumetric flow rate of 

hydrogen (Q) equal to the hydrogen gas generation rate (Input 2).  When the radiolytic 
generation of hydrogen equals the steady-state flow of hydrogen exiting the porous walls 
of the closed concrete container overpack steady-state is established.  At this condition 
(see Figure 1), the pressure gradient (𝑑𝑃

𝑑𝐿
) is solved across the concrete wall of the 
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overpack.  𝑑𝐿 is defined as the thickness of the porous wall.  𝑑𝑃 is the difference between 
the hydrogen partial pressure inside the overpack and outside the overpack.  By making 
the simplifying assumption that the hydrogen partial pressure outside the overpack is 
equal to zero, 𝑑𝑃 is the equal to the hydrogen partial pressure inside the culvert.  Also, 
assuming the pressure inside the culvert is always atmospheric pressure (i.e. the culvert 
does not pressurize as a result of radiolytic gas generation), and ideal gas law 
assumptions apply, the hydrogen partial pressure equals the hydrogen mol fraction in the 
overpack headspace gas.    

Figure 1 
Schematic of Hydrogen Pressure Gradient Across Overpack Wall 

Radiolytic Hydrogen Concentration in a Closed Concrete Culvert 

There are two types of concrete culverts in use at SRS.  One type has a uniform 6” thick 
flat bottom (Reference 8).  The second type has two 5” deep fork truck tine pockets cut 
into the 12” thick bottom (Reference 7).  The concrete culverts with pockets have a 74” 
internal diameter (ID) and 6.5’ internal height (H).  The concrete culverts without pockets 
were fabricated with IDs of 74” and 72”.  The H of both of these culverts is 6.5’.   

To solve the Darcy equation (Input 3) for 𝑑𝑃
𝑑𝐿

 in a closed concrete culvert, values for the 
following input variables are required: 

𝑄 =  Volumetric Flow Rate, m3 / hr 

k = Hydrogen Permeability = darcy, (𝑐𝑐 𝑠𝑒𝑐⁄ )(𝑐𝑝)
(𝑠𝑞 𝑐𝑐)(𝑎𝑡𝑚) 𝑐𝑚⁄

Overpack 
Concrete Wall 

 

L = wall thickness 

P1 = Hydrogen 
Partial Pressure 

inside the concrete 
container 

P2 = Hydrogen Partial 
Pressure outside the 
concrete container 

Inside the Overpack Outside the Overpack 

Q = Steady State Flow of Hydrogen 
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𝜇 = Hydrogen Viscosity, kg / (m * hr) 

𝐴 = Porous Area, m2 

The value for hydrogen volumetric flow (𝑄) is calculated using the maximum inventory 
of isotopes that can generate hydrogen (8,500 PEC - Assumption 1) and the radiolytic 
generation rate for SRS TRU waste (0.22 (millimoles H2) / (day * PEC) - Input 2). 

𝑄 = �0.22 𝑚𝑚𝑜𝑙𝑠 𝐻2
𝑑𝑎𝑦∗𝑃𝐸𝐶

� � 𝑑𝑎𝑦
24 ℎ𝑜𝑢𝑟𝑠

�  �8,500 𝑃𝐸𝐶
 

� = 77.9 𝑚𝑚𝑜𝑙𝑠 𝐻2
ℎ𝑜𝑢𝑟

 
Assuming ideal gas behavior at standard temperature (𝑇𝑠 = 273°K) and pressure (𝑃𝑠 = 1 
atm); 1 mol gas (𝑛𝑠) = 22.4 liters (𝑉𝑠) 

𝑃𝑉
𝑃𝑠𝑉𝑠

=
𝑛𝑇
𝑛𝑠𝑇𝑠

Therefore, at 298°K, 

(1 𝑎𝑡𝑚)(𝑉)
(1 𝑎𝑡𝑚)(22.4 𝑙𝑖𝑡𝑒𝑟𝑠)

 = (1 𝑚𝑜𝑙)(298°𝐾)
(1 𝑚𝑜𝑙)(273°𝐾)

 

V  = 24.45 liters @ 298°K 

Solving for Q @ 298°K; 

𝑄 = �77.9 𝑚𝑚𝑜𝑙𝑠 𝐻2
ℎ𝑜𝑢𝑟

� � 𝑚𝑜𝑙
1000 𝑚𝑚𝑜𝑙𝑠

� �24.45 𝑙𝑖𝑡𝑒𝑟𝑠
𝑚𝑜𝑙 

� � 𝑚3

1000 𝑙𝑖𝑡𝑒𝑟𝑠
� = 0.00190 𝑚

3

ℎ𝑜𝑢𝑟

k = 0.0382 millidarcies = 3.82E-5 (𝑐𝑐 𝑠𝑒𝑐⁄ )(𝑐𝑝)
(𝑠𝑞 𝑐𝑐)(𝑎𝑡𝑚) 𝑐𝑚⁄ [Input 1] 

𝜇 = hydrogen viscosity @ 1 atm and 298°K, kg / (m * hr) = 0.0089 centipoise [Ref. 3] 

The porous area available for hydrogen diffusion out of a concrete culvert will be 
conservatively calculated by assuming all culverts have an internal diameter of 72” 
(results in minimum area) and the area of the bottom of the culvert will not be included 
(since the culvert bottom could be placed on a solid surface preventing diffusion to the 
atmosphere).  Normal culvert labeling/marking does not have a significant impact on 
culvert porous area, particularly in light of other conservative assumptions in this 
calculation. 

𝐴𝑐𝑢𝑙 = 𝜋(𝐼𝐷)(𝐻) + 𝜋
4

(𝐼𝐷)2

𝐴𝑐𝑢𝑙 = 𝜋(72")(78") + 𝜋
4

(72)2
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𝐴𝑐𝑢𝑙 = 𝜋(72")(78") + 𝜋
4

(72)2 = 21,715 in2

𝐴𝑐𝑢𝑙 = �21,715 𝑖𝑛2

 
� � 1 𝑚

39.37 𝑖𝑛
�
2
= 14.01 𝑚2

Inputting these values into the Darcy equation (Input 3), the steady-state hydrogen 
pressure gradient of a concrete culvert with 8,500 PEC of radiological loading can be 
determined. 

𝑄 = � 𝑘
𝜇

 �  (𝐴) �𝑑𝑃
𝑑𝐿
� , 

Therefore, 

 �𝑑𝑃
𝑑𝐿
� =  �𝑄

𝐴
� �𝜇

𝑘
� 

�𝑑𝑃
𝑑𝐿
� =  �0.00190 𝑚3

ℎ𝑟
� � 1

14.01 𝑚2� �
0.0089 𝑐𝑝

 
� � 𝑠𝑒𝑐∗𝑎𝑡𝑚

3.82𝐸−5 𝑐𝑚2∗𝑐𝑝
� �100 𝑐𝑚

𝑚
�
2
� ℎ𝑟
3600 𝑠𝑒𝑐

� 

�𝑑𝑃
𝑑𝐿
� = 0.0878 𝑎𝑡𝑚

𝑚
 

The culvert wall is 7” thick.  The culvert lid is 6” thick.  To simplify the calculation (and 
add conservatism), all permeable walls are assumed to be 7” thick (7” = 0.178 m), 

 𝑑𝐿 = 0.178 m 

Therefore, 

𝑑𝑃 = �0.0878 𝑎𝑡𝑚
𝑚
� (0.178 𝑚) = 0.0156 𝑎𝑡𝑚 

As stated earlier, given the simplifying assumption the partial pressure of H2 outside the 
culvert is zero; the partial pressure of H2 in the culvert equals the calculated 𝑑𝑃.  Also, 
since, the total pressure inside the culvert equals 1 atmosphere, the concentration of H2 in 
the culvert is,  

Culvert H2 concentration = 
𝟎.𝟎𝟏𝟓𝟔 𝒂𝒕𝒎 𝑯𝟐

𝟏 𝒂𝒕𝒎 
 = 0.0156 mol fraction = 1.56 mol % H2 

Radiolytic Hydrogen Concentration in a Closed Concrete Box Overpack 

To solve the Darcy equation (Input 3) for 𝑑𝑃
𝑑𝐿

 in a closed concrete box overpack, values for 
the following input variables are required: 
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𝑄 =  Volumetric Flow Rate, m3 / hr 

k = Hydrogen Permeability = darcy, (𝑐𝑐 𝑠𝑒𝑐⁄ )(𝑐𝑝)
(𝑠𝑞 𝑐𝑐)(𝑎𝑡𝑚) 𝑐𝑚⁄

𝜇 = Hydrogen Viscosity, kg / (m * hr) 

𝐴 = Porous Area, m2 

The value for hydrogen volumetric flow (𝑄) is calculated using the maximum inventory 
of isotopes that can generate hydrogen (8,500 PEC - Assumption 1) and the radiolytic 
generation rate for SRS TRU waste (0.22 (millimoles H2) / (day * PEC) - Input 2). 

𝑄 = �0.22 𝑚𝑚𝑜𝑙𝑠 𝐻2
𝑑𝑎𝑦∗𝑃𝐸𝐶

� � 𝑑𝑎𝑦
24 ℎ𝑜𝑢𝑟𝑠

�  �8,500 𝑃𝐸𝐶
 

� = 77.9 𝑚𝑚𝑜𝑙𝑠 𝐻2
ℎ𝑜𝑢𝑟

 

Assuming ideal gas behavior at standard temperature (𝑇𝑠 = 273°K) and pressure (𝑃𝑠 = 1 
atm); 1 mol gas (𝑛𝑠) = 22.4 liters (𝑉𝑠) 

𝑃𝑉
𝑃𝑠𝑉𝑠

=
𝑛𝑇
𝑛𝑠𝑇𝑠

Therefore, at 298°K, 

(1 𝑎𝑡𝑚)(𝑉)
(1 𝑎𝑡𝑚)(22.4 𝑙𝑖𝑡𝑒𝑟𝑠)

 = (1 𝑚𝑜𝑙)(298°𝐾)
(1 𝑚𝑜𝑙)(273°𝐾)

 

V  = 24.45 liters @ 298°K 

Solving for Q @ 298°K; 

𝑄 = �77.9 𝑚𝑚𝑜𝑙𝑠 𝐻2
ℎ𝑜𝑢𝑟

� � 𝑚𝑜𝑙
1000 𝑚𝑚𝑜𝑙𝑠

� �24.45 𝑙𝑖𝑡𝑒𝑟𝑠
𝑚𝑜𝑙 

� � 𝑚3

1000 𝑙𝑖𝑡𝑒𝑟𝑠
� = 0.00190 𝑚

3

ℎ𝑜𝑢𝑟

k = 0.0382 millidarcies = 3.82E-5 (𝑐𝑐 𝑠𝑒𝑐⁄ )(𝑐𝑝)
(𝑠𝑞 𝑐𝑐)(𝑎𝑡𝑚) 𝑐𝑚⁄ [Input 1] 

𝜇 = hydrogen viscosity @ 1 atm and 298°K, kg / (m * hr) = 0.0089 centipoise [Ref. 3] 

The porous area available for hydrogen diffusion out of a closed concrete box overpack 
will be calculated using the dimensions reported in Reference 9.  The area of the bottom 
of the box will not be included (since the box bottom will be placed on a solid surface 
limiting diffusion to the atmosphere).  Normal box labeling/marking does not have a 
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significant impact on concrete box porous area, particularly in light of other conservative 
assumptions in this calculation. 

Box Internal Width (W)  =   6.75 feet  [Reference 9] 
Box Internal Length (L) = 10.0   feet [Reference 9] 
Box Internal Height (H) =   7.08 feet [Reference 9] 

𝑊 =  �
6.75 𝑓𝑡

� �
1 𝑚

3.2808 𝑓𝑡
� = 2.06 𝑚 

𝐿 =  �
10.0 𝑓𝑡

� �
1 𝑚

3.2808 𝑓𝑡
� = 3.28 𝑚 

𝐻 =  �
7.08 𝑓𝑡

� �
1 𝑚

3.2808 𝑓𝑡
� = 2.16 𝑚 

𝐴𝑏𝑜𝑥 = 2 ∗ (𝑊 ∗ 𝐻) + 2 ∗ (𝐻 ∗ 𝐿) + (𝑊 ∗ 𝐿) 

𝐴𝑏𝑜𝑥 = 2 ∗ (2.06 𝑚 ∗ 2.16 𝑚) + 2 ∗ (2.16 𝑚 ∗ 3.28 𝑚) + (2.06 𝑚 ∗ 3.28 𝑚) 

𝐴𝑏𝑜𝑥 = 2 ∗ (𝑊 ∗ 𝐻) + 2 ∗ (𝐻 ∗ 𝐿) + (𝑊 ∗ 𝐿) 

𝐴𝑏𝑜𝑥 = 29.8 𝑚2 

Inputting these values into the Darcy equation (Input 3), the steady-state hydrogen 
pressure gradient of a closed concrete box overpack with 8,500 PEC of radiological 
loading can be determined. 

𝑄 = � 𝑘
𝜇

 �  (𝐴) �𝑑𝑃
𝑑𝐿
� , 

Therefore, 

 �𝑑𝑃
𝑑𝐿
� =  �𝑄

𝐴
� �𝜇

𝑘
� 

�𝑑𝑃
𝑑𝐿
� =  �0.00190 𝑚3

ℎ𝑟
� � 1

29.8 𝑚2� �
0.0089 𝑐𝑝

 
� � 𝑠𝑒𝑐∗𝑎𝑡𝑚

3.82𝐸−5 𝑐𝑚2∗𝑐𝑝
� �100 𝑐𝑚

𝑚
�
2
� ℎ𝑟
3600 𝑠𝑒𝑐

� 

�𝑑𝑃
𝑑𝐿
� = 0.0413 𝑎𝑡𝑚

𝑚
 

The concrete box overpack wall and lid is 6” thick (6” = 0.1524 m), 

 𝑑𝐿 = 0.1524 m 
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Therefore, 

𝑑𝑃 = �0.0413 𝑎𝑡𝑚
𝑚
� (0.1524 𝑚) = 0.00629 𝑎𝑡𝑚 

As stated earlier, given the simplifying assumption the partial pressure of H2 outside the 
concrete box is zero, the partial pressure of H2 in the concrete box equals the calculated 
𝑑𝑃.  Also, since, the total pressure inside the concrete box equals 1 atmosphere, the 
concentration of H2 inside the concrete box is,  

H2 concentration = 
𝟎.𝟎𝟎𝟔𝟐𝟗 𝒂𝒕𝒎 𝑯𝟐

𝟏 𝒂𝒕𝒎 
 = 0.00629 mol fraction = 0.629 mol % H2 

Conservatisms 

The conservatisms incorporated into this calculation are listed below: 

• Use of the lowest measured Klinkenberg permeability provides a conservative
estimate for permeability of hydrogen through the concrete container walls

• The porous wall surface area calculation omitted the bottom of the concrete
container.

• Container “breathing” (aka diurnal cycling) due to daily temperature fluctuations
would result in additional flammable gas venting.

• This calculation assumes the container is sealed.

Results 

The steady-state concentration of hydrogen in the headspace of a closed concrete culvert 
with 8,500 PEC of TRU waste is 1.56 mol%.   
The steady-state concentration of hydrogen in the headspace of a closed concrete box 
overpack with 8,500 PEC of TRU waste is 0.629 mol%. 

Conclusion 

This analysis demonstrates the headspace gas in the analyzed closed concrete overpack 
containers will not exceed the LFL when used to overpack TRU waste containers with a 
maximum total radiological inventory of 8,500 PEC.  The Purpose and Objectives of this 
calculation have been met. 
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Attachment 1 
Concrete Box Overpack Fabrication Drawing 
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