Department of Energy
Carlsbad Field Office
P. 0. Box 3090
Carlsbad, New Mexico 88221

2 5 NOV 2G02
Mr. Frank Marcinowski, Director
Office of Radiation and Indoor Air
U.S. Environmental Protection Agency
401 M. Street, S. W.
Washington, DC 20460
Dear Mr. Marcinowski:
The purpose of this correspondence is to request Environmental Protection Agency
(EPA) approval for Phase 1 of the Enriched Xenon Observatory (EXO) Experiment.
This experiment would be conducted in the Core Storage Alcove of the Waste Isolation
Pilot Plant (WIPP) underground.
The EXO Experiment is a two-phase experiment being advanced by a collaboration of
sciientists, led by Dr. Giorgio Gratta of Stanford University. The purpose of the Phase 1
experiment is to develop a precise double-beta decay detector prototype. Details of the
design, installation, potential hazards and mitigating controls associated with the first
phase of the project are enclosed. The results will be used to design future double-beta
decay experiments and a further request will be provided for Phase 2 of the experiment,
if the project continues at the WIPP. Also, please note that all equipment and materials
from the experiment will be removed at the end of the experimental period.
The Department of Energy (DOE) has determined that the facilities and infrastructure at
WIIPP can provide support for this project without interfering with the primary mission of
the WIPP, which is to safely manage and dispose of transuranic waste. The enclosed
information and analyses are included to provide the EPA an understanding the project
and the basis for the DOE conclusion that the project will have no adverse impact on
WIIPP operations or on the long-term performance of the repository.
Your timely response to this request would be appreciated. If you have additional
questions regarding this matter, please contact Mr. Roger Nelson at (505) 234-7213.
Sincerely,

~XCMJ
Dr. Ines R. T r i ~
Manager
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Project Description for the
E:nriched Xenon Observatory {EXO) Experiment

1. ln1troduction
This document outlines the requirements, materials required, hazards, expectations, and plan
of action associated with the establishment of an Enriched Xenon Observatory (EXO). This
EXO project description should be read in conjunction with the EXO Job Hazard Analysis
(Attachment 1 ), the EXO Waste Management Plan (Attachment 2) and the Environmental
Protection Agency Waste Isolation Pilot Plant (WIPP) Experiment Review Checklist
(Attachment 3) to understand the comprehensive review which has been conducted prior to
considering this experiment for installation in the WIPP underground. The EXO Experiment is
a two-phase experiment being advanced by a collaboration of scientists, led by Dr. Giorgio
Gratta of Stanford University. Other institutions supporting this experiment include: the
University of Alabama, the Caltech Institute, IBM Corporation, ITEP Moscow, University of
Torino Italy and the University of Trieste Italy. The EXO project is a multi-faceted experiment
designed to investigate neutrino-less double-beta decay, an extremely rare type of nuclear
process that will allow measurement of the mass of neutrinos. The project will address many
of the challenging issues associated with the construction and operation of this experimEmt that
requires a clean room environment to operate in the conditions of an underground salt mine.
An assessment of the environmental, safety and human health aspects of the EXO project has
been completed. The experiment is currently anticipated to consist of two phases with
increasingly complex experimental equipment. The WIPP expects to host the experiment
startin~~ in the Summer of 2003 with an expected duration of one to five years as discussed
below. All materials and equipment from the experiment will be removed upon completion of
the project.

Phase One
The experimental apparatus for the Phase One prototype consists of a time projection
chamber (TPC) containing between 100 and 200 kg of xenon, enriched to 80 percent in the
isotope~ 136, operated at one atmosphere in the liquid phase. The detector will be enclosed in
a shield made of layers of high purity copper, lead, an environmentally friendly fluorocarbon
(see below) and water. The total combined amount of water and fluorocarbon will not exceed
15 metric tons. The water will be contained in 38 liter (ten-gallon) high-density polyethylene
containers arranged as a shield to reduce background. The containers will limit the amount of
liquid lost in the event of a credible accident. The module that houses the detector will provide
secondary confinement for the water by locating the module exit doors about one half inch
above the floor level. The module floor will provide a reservoir for any leakage.
The arrangement will require a xenon gas re-purification system and equipment to assess its
purity during the course of the experiment. The xenon will be maintained in a liquid phase by
coolin~I it to -100 degrees C with a closed circuit refrigerator. A liquid nitrogen (LN2) bath will
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be used to cool a cryogenic frap able to recover the xenon if necessary. Phase One is the
focus of this submittal. The principle goal of Phase One is to demonstrate the detector
technology. When successful, this technology will be employed for Phase Two. It is expected
that proving the technology will take approximately one year from installation at the WIPP. At
the conclusion of this period, the experimenter expects to continue running the detector at the
WIPP for up to five years, while the Phase Two detector is being built.

Phase Two
The experimental apparatus for Phase Two is expected to consist of up to ten tons of enriched
xenon in a liquid- or gas-filled TPC. This will be a scaled-up version of the Phase One
experiment. The apparatus is under development by the members of the EXO collaboration.
After appropriate development and testing, Phase Two will run for a period of five to ten years,
during which the scientific measurements concerning neutrino properties will be performed.
Phase Two details are not available at this time and will be the subject of another submittal.

2. Location
Phase One of the EXO experiment is proposed to be located in the former Core Storage
Alcove in the WIPP underground, in the S-400 drift west of the W170 drift. In order to minimize
the effocts of vibrations and dust on the sensitive experimental equipment, the EXO setup will
be positioned away from the alcove entrance, with the module containing the detector towards
the West. The entrance to the alcove will be protected from dust using transparent plastic
curtains or another suitable partition. The location of the S-400 drift is shown in Figure 1
below. Figure 2 shows the placement of the experimental arrangement within the alcove.
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3. Configuration
The experimental area will consist of six modules. The modules will be assembled at Stanford
University, shipped to the WIPP, taken underground, and connected to each other. The
experiment will require extremely low radioactive background conditions (along with shielding
from cosmic radiation). The modules will be configured as clean rooms and will travel from
California to the WIPP sealed, to avoid contamination from outside dust. The operation of
connecting the modules together in the underground will be performed under strict cleanliness
procedures. A general view of the modules connected together is shown in Figure 3.
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Figure 3. Module Arrangement

Each module will be 2.8 m wide, 4.6 m long and 3 m high, so that it will fit in the WIPP Waste
Hoist. Each module will be taken to its final underground position without major tilting.
Modules will be constructed of aluminum and steel, with understructures compatible with
forklifts and mine loaders that will be used to move them underground. Module 1 will house
the detector and its shielding, Module 2 the xenon purification and vacuum system, Module 3
the cryogenic refrigeration and a small germanium counter used to perform material
characterization, Module 4 the electronics, Module 5 the computers, a small electronics repair
shop and ultrasonic cleaning facilities. Module 6 will serve as an entrance and include a
double door to the outside, a changing room and an air-shower that will be used before
entering the other modules. The main Uninterruptible Power Supply (UPS) and additional
computers will be housed in this module. Located at the East side of the complex, by Module
6, there will be air conditioning units, including: the air filters for air intake, a small air
compressor and space to secure one cylinder of compressed nitrogen gas and one cylinder of
compre!ssed helium (used for leak checking). In addition, the main batteries for the UPS will
be located in an enclosure in this area. The total footprint of the complex will not exceed 20 m
x4.6m.
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Modules 1 and 2, housing the detector proper and the xenon handling/purification system, will
be the cleanest area of the setup. Under normal operation, this region will be accessible only
via the other modules, but it will include an emergency exit that will be normally closed but will
be possible to open in case of emergency. The detector for the liquid xenon (LXe) case will be
a structure built of high-purity copper and quartz, with parts possibly made out of plastics such
as kapton or acrylic. Its dimensions will be less then 50 cm on each side. This component will
be shielded from outside conditions by more copper and a fluid that will also serve as coolant.
The experiment will require up to five tons of HFE?000 (see Attachment 4), a proprietary,
environmentally friendly refrigerant manufactured by 3M Corporation.
The HFE?000 will be contained in a cryostat built of specially purified Oxygen Free High
Conductivity (OFHC) copper. The external dimensions of the cryostat with its shielding will be
approximately 2.5 m x 2.5 m x 2.5 m. While the detector and cryostat will be assembled off
site, the refrigerant/shielding fluid will be filled into the cryostat once the modules are installed
under~Jround. In some regions shielding will be achieved with up to 10 m3 of water. In
addition, up to 20 tons of lead will be used for shielding. The lead will be in standard bricks
that wiill be properly cleaned before arriving at the WIPP and installed underground using
appropriate personnel protection (gloves and steel-toed boots). All lead bricks shall be free of
oxidatiion and particulate matter when they arrive at the WIPP. The bricks shall be packaged
for shipment to the WIPP to protect against corrosion and oxidation and shall be inspected to
ensure they are free of oxidation and particulate matter by the Stanford University Industrial
Hygienist. The bulk of the lead bricks used will be newly cast. Should the need to use old
bricks arise, the old bricks will be coated with an appropriate polymer material that will prevent
flakes or dust from being released. In this case, the paint will be applied before the bricks are
shipped to the WIPP.
One wall of the cryostat will be next to one of the long walls of Module 1. Once Modules 1 and
2 are connected, the long walls between them will be removed, so that the interior will consist
of a single 4.6 m x 5.6 m x 3 m volume. The cryostat may be slightly smaller in one dimension
in order to allow for un-hindered access to all sides of the detector. Module 2 will contain the
system to store and recover the xenon and to purify it (XSRP). When not in use in the
detector, the xenon will be contained in up to 12 stainless steel gas cylinders housed in
Module 2.
Plumbing will connect the cylinders to a hot zirconium metal purifier cartridge and then to the
detector chamber proper. A mass spectrometer, flow meter, pressure regulator, and a suite of
pressure gauges will complete the system. The entire XSRP system will be constructed of
ultra-high vacuum components and will be evacuated and baked to a temperature not to
exceed 200° C before handling the xenon. The detector chamber itself will also be vacuumbaked (although at somewhat lower temperature). In general, all xenon-wetted parts will be
stainless steel, OFHC copper, quartz and ceramic. Vacuum bakeout will be achieved with
electric heaters requiring no more than 15 kW power and fans. Figure 4, shows a prototype of
the XSRP presently being operated by the EXO collaboration at the Stanford Linear
AccelHrator Center (SLAC). An idea of the scale of the system can be obtained from the
cupboards in the background.
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Figure 4. Xenon Storage, Recovery and Purification System
Vacuum pumping of the XSRP will be achieved with several ion- and turbomolecular pumps,
backed by dry diaphragm- or scroll-roughing pumps.
Cooling of the detector to the xenon liquefaction temperature of approximately 170 degrees K
will be primarily obtained by cooling the HFE?000 bath in the cryostat with closed circuit
refrigerators. Similarly, the xenon will be recovered in the original pressure cylinders by
cooling an HFE?000 bath around the cylinders with a closed circuit refrigerator. While an UPS
Page 8 of 19

will be available to power the refrigerators for ten hours in case of power failure, 500 liters of
LN 2 will be always available in a dewar outside the experimental building for alternate cooling.
The stand-by LN 2 boil-off will be limited to 10 liters/day. In an emergency condition, the LN2
boil-off and release to the mine ventilation system will be less than 20 liters/hour. The LN2 will
be supplied to Module 2 from the outside through a manifold with two shutoff valves, one
internal and the other external to Module 2. The use of a closed circuit system reduces the
amount of LN 2 used in the underground to the amount discussed above. The refrigerator
system will be fully duplicated so that the stand-by unit will be able to take over cooling in case
of failure of the primary unit. XSRP with all its diagnostics and controls will be pre-assembled
in Module 2 at Stanford.
Pressure burst disks will be installed on all critical components of the system. Loss of cooling
resulting in the evaporation of the xenon will produce a xenon venting event. The maximum
amount of xenon vented (full inventory of xenon) will be about 1000 cubic feet in gas phase.
· This release would occur in a time exceeding one hour. While the burst disks are designed to
safeguard the system against the possibility of explosion, the value of the enriched xenon-136
contained in the system (up to $1.5M), suggests the use of an redundant refrigeration system
so that venting of xenon has to be considered an extremely unlikely scenario. The preliminary
design of the system to ensure that no expensive xenon will be lost is discussed in Appendix A
under the heading "Cryogenic Safety (CS)".
In the region of the mine where EXO will be located, plastic curtains or their equivalent will be
installed before opening or splicing the modules together to reduce contamination to the clean
room.
Modulei 3 will contain the closed circuit refrigerators that will provide the primary and backup
cooling to the detector. The same module will also include a small room housing a small
germanium spectroscopy detector used to characterize materials used in EXO.
Modulei 4 will contain the electronics required to acquire, process, store the data from the
experiment, and monitor its performance. Approximately, five electronics racks will be installed
in Module 4. The electronics in the racks will be Versa Module Europa (VME) and Nuclear
Instrumentation Modules (NIM) crates. The electronics will be connected to the detector by
50-ohrn cables: Some of the signal cables will be made from RG-188NU QPL 26 AWG
(Belden 83269 - Teflon jacket and insulation) 50-ohm transmission cable. The rest of the
signal cables will be made from RG-58/U Type 20 AWG (Belden 82240 - Flamarrest jacket and
Fluorinated Ethylene Propylene (FEP) insulation) 50-ohm transmission cable. One of the
racks will house the high-voltage power supplies (HVPS) for the chamber and the
photomultiplier tubes in Module 1. HVPS have extremely sensitive current monitor and limiting
circuitry to protect the different detector components. High Voltage (HV) cable connections will
be made with Shielded High Voltage (SHV) or equivalent safe connectors. Sensitive laser
aspiratiing smoke detectors will be installed in the electronics racks and will cut the power to
the high voltage and data acquisition rack system in case of alarm. The control and monitoring
electronics will be housed in a dedicated rack.
Modulei 5 will contain the bulk of the computing equipment for the experiment as well as a
small electronics repair/maintenance bench and an ultrasound cleaning device. The
electronics shop is important to test and do small repairs during the detector installation and
runnin~J phases. The ultrasound cleaner is essential to degrease ultra-high-vacuum (UHV)
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components prior to installation. Small quantities (approximately one liter of each product) of
ethanol and acetone in small squeeze bottles will also be used in the process of UHV surface
treatment. These products shall be used and stored in accordance with the EXO Experiment
Waste Management Plan (Attachment 2).
Moduli3 6 will be used primarily as a gateway to the rest of the assembly. Entrance from the
mine environment will proceed through a double-door system and shoe change will be
requirEld between the two doors. In the semi-clean area behind the second door, the main
UPS for the complex and some computer equipment will be located. The rest of the space will
be used as a changing room where clean room garments are also stored. Access to the rest
of the facility will occur through an air shower.
A suite of low intensity radioactive sources will be used to calibrate the prototype detector.
The sources will be custom built and have a specific mechanical configuration to maintain the
cleanliness of the detector and facilitate access to the chamber. No source will exceed an
activity of 10µCi. The table below identifies the different sources and their maximum activities.
Isotope
Bi-207
Co-60
Co-57
Cs-137
Na-22
Fe-55
Cf-252
Th-228

Activity
<10 uCi
<10 uCi
<10 uCi
<10 uCi
<10 uCi
<10 uCi
<10 uCi
<10 uCi

4. Equipment/Materials
The planned Phase 1 experiment will involve the following materials and equipment:
lsotopically enriched xenon (200kg of gas containing 80% of 136Xe)
12 Electropolished stainless steel gas cylinders for enriched xenon gas
Electropolished stainless steel bottles for samples (18 required)
Natural xenon for small equipment tests (20 kg required)
Compressed helium for leak checking (300 ft 3 required)
Ethanol (less than 1 liter)
Acetone (less than 1 liter)
SAES PF4-C15-R-1 hot zirconium getter gas purifier
Delta-F DF760 Nano Trace Dual (Oxygen and H20) trace contamination analyzer
SRS RGA300 Mass Spectrometer Residual Gas Analyzer with extended mass sensitivity and
ion multiplier
Varian V300HT turbomolecular pump with 6-inch CF flange (2 required)
Varian V300HT controller and accessories (2 sets required)
Varian MD60 diaphragm dry roughing vacuum pump (2 required)
Miscellaneous vacuum gauges and controllers
Miscellaneous pressure gauges
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Varian Vaclon Plus 300 Star-Cell ion pump
Varian ion pump "midi" controller
All metal vacuum valves (20 required)
Miscellaneous Ultra-HighVacuum piping/flanges
Miscellaneous temperature sensors and readout
Environmental control PC with ND cards
Detector room, dust-free, with airlock; detector and electronics to be installed in it at
SLAG/Stanford and shipped to the WIPP for installation (750 ft 2 required)
Environmental control with AC and overpressurization (EPA filtered)
WheelBd LN 2 dewars, 1000 liter capacity (2 required)
Bucket dewars for Xe recovery in the shipping cylinders;
12" ID, 40" inner depth (12 required)
Gastec: Environmental Oxygen monitor (4 heads with controller and
Relay box/computer interface)
Air compressor
Laser aspirating smoke detector (one required for each electronic rack)
Small ultrasound cleaning device
There will also be four to ten workstations and other miscellaneous electronics such as
oscilloscopes, function/pulse generators, and spectrum analyzers. General electronics
diagnostics and repair equipment such as digital voltmeters and soldering irons will also be
present in the modules.

5 . Hazards
Cryogenics:
LN 2 will be present in the facility. Liquid nitrogen consumption during operations is estimated
at a maximum of 10 liters per day. During xenon recovery operations liquid nitrogen
consumption is expected to be less than 200 liters per day.
LN 2 is necessary as an emergency xenon recovery system. The LN2 dewars attached to the
system have a 250-liter capacity, and at the expected rate of use must be refilled
approximately once each month. This will be accomplished by using two standard 250-liter
pressurized LN 2 tanks. One tank will be located in the Core Storage Alcove outside the six
modules, while the other tank will remain above ground to use as a spare when the tank in the
alcove becomes empty. The two tanks can be switched. The empty tank will be refilled above
ground.
The connection system in the underground will use a feed-through system involving copper
tubing and Swagelock fittings and will be installed through one of the walls of the modules to
connect to the detector system. In this manner, the LN 2 bottles can be exchanged safely by
attaching the tank on the outside of the module to the copper feed-through system without
having to open the module doors and someone being inside.
LN 2 is extremely cold (-196°C = -320°F at atmospheric pressure) and can cause severe

frostbite. The standard safety procedures, which include wearing insulated gloves and a face
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shield, are required when transferring the LN 2 • Gloves are required when touching any object
cooled by LN 2 • The gloves should be loosely fitting so that they can be thrown off if liquid is
somehow poured inside them. It is also important to realize that upon vaporization, LN 2
expands by a factor of 700; one liter of liquid nitrogen becomes 24.6 cubic feet of nitrogen gas.
This can cause explosion of a sealed container, or it can displace oxygen in the room and
cause suffocation without warning. A Gastec Environmental Oxygen monitor with four sensing
heads and one controller will be located inside the module assembly. One head will be located
within each module. The unit will provide a local alarm indication of oxygen depletion. This
detection system will produce both an audible and visual warning when there is insufficient
oxygen. Alarms will be noticeable both inside and outside the modules. This prevents entry
into thi3 modules when the alarm is on, and anyone on the inside of the modules will
immediately evacuate the area if the alarm sounds. Additionally, the modules' atmosphere
could become oxygen deficient from routine usage of nitrogen if adequate ventilation is not
maintained. It is important that the ventilation within the modules be continuously sustained
and the number of air changes per hour (three to four) be maintained.
One standard 250-liter pressurized LN 2 tank will be located outside the modules and
connected to the detector through copper tubing. A catastrophic rupture of the large tank or
feed piping could release enough nitrogen gas to reduce the oxygen in the immediate area.
The tank and piping will be installed and protected from damage so that rupture or a broken
pipe is not a credible event. The copper tubing will be insulated. The valve on the large tank
should only be open during emergency use of the LN 2. To prevent an oxygen deficiency within
the alcove, ventilation air will be drawn from the Air Intake Shaft (AIS), east through S90 and
W170 into the alcove. Improvements to the ventilation system have been completed, which
included extended ducting to within about five feet of the ends of the alcove, in the upper west
corner,, and added joint seals to increase airflow in the alcove. Fresh air will sweep over the
modules and through the alcoves, then join the mining circuit exhaust air in W170. Any
swirling at the alcove corners will consist primarily of fresh air. The 15-20,000 cfm of fresh air
provided to the alcove will prevent any possibility of nitrogen build-up.
Finally., care must be taken when transporting the pressurized LN2 tanks to and from the Core
Storage Alcove. Since transport from the underground to the surface is via the Salt Hoist
Shaft, the tanks must be properly secured (i.e. chained to the wall) in the hoist. The tanks will
be transported on the materials deck of the hoist, not on the personnel deck, and always on
trips separate from personnel trips. In the unlikely event of a tank rupture while operating the
hoist, these precautions should preclude any hazard to the personnel.

Lead (in the form of 2" by 4" by 8" bricks):
Prior to transportation to the WIPP, all lead bricks shall be inspected to be free of oxidation and
particulate matter. Should minor cleaning be necessary at the WIPP, the bricks shall be wiped
down with a consumer vinegar cleaning solution, Green Windex or equivalent non-hazardous
solution prior to use. Used wipes shall be disposed of in accordance with the EXO Hazardous
w·aste Management Plan (Attachment 2). Lead bricks will be installed in the modules by
personnel wearing Nitrite coated work gloves, Tyvek overalls, and steel-toed boots for
protection against dropping, since each bricks weighs about 25 pounds. A job hazard analysis
is required for this work identifying proper lifting techniques. Mechanical aids will be used
where possible. The height of the lifts will be minimized. Tyvek clothing will be disposed of in
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a dedicated used clothing Satellite Accumulation Area provided for the experiment. All other
clothing will be cleaned properly after contact to avoid lead ingestion and to minimize health
hazards.

Electrocution (High voltage):
A multii-channel HVPS intended for photomultiplier tubes, such as the CAEN model SY527,
and a single channel higher voltage unit providing up to 100 kV (DC) at less than 100
microamperes to the detector are required. There will be several low voltage bench top power
suppliHs and five to ten VME crates. About five NIM instrumentation crates will be required.
The VME crates will house Time to Digital Conversion (TDC) and Analog to Digital Conversion
(ADC) units, controllers and readout modules/memories. There will be up to 100 channels of
2kV, 2mA to supply photomultipliers. Standard high-voltage safety procedures will be applied
in the appropriate areas.
·

High pressure:
Burst disks will be mounted on all systems that may accidentally be over-pressured.

Lead Gel-Cell Batteries:
There will be an UPS and line conditioner either in Module 6 or in the Heating Ventilation and
Air Conditioning (HVAC) mechanical room (Module 3). It is likely that the UPS will contain
lead-gel-cell batteries (similar to the ones used in the electric carts). Standard approved WIPP
procedures will be used when working on the UPS units and any disposal of lead-gel-cell
batteries will be in accordance with established procedures.

6. Training
The following items will be included in the training for all personnel working on the
experiments:

General:
WP-IS . 01 (read) Use of electrical equipment and extension cords
GET 2008 (16 hours) is required for site access by all personnel.
SAF-501 (40 hours) Mine Safety, Inexperienced Miner Training, is required by all unescorted
undergiround workers.

Field Functions:
SAF-641 Fall Prevention (1 hour) Elevated Work Surfaces and Ladder Safety
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SAF-619 Compressed Gas Cylinder Safety (four hours) is required for workers handling
compressed gasses like liquid nitrogen.
Electric Cart Operations (1 hour) is required for operation of an electric golf cart.
ELC-103 Electrical Safety (4 hours) is required for installation/operation of electrical
equipment. CPR training is required for access around or near live electrical circuits.

7. WIPP Procedures Applicable to EXO
(additional procedures may apply):
WP
WP
WP
WP
WP
WP
WP

04-AD3011
091-CN3021
10-WC3208
12 IS.01
14-TR.01
1fi-PS.2
02-RC3108

Equipment Tagout/Lockout
Component Indices
Work Change Notice
Industrial Safety Program
WIPP Training Program
Technical Procedure Writer's Guide
Request for Disposal

8. Alcove Specifications
Temperature -

80±10°F

Relative Humidity -

15 - 60 percent

Electrical Requirements - 70kW in a single 480v feed to the modules
Network connection -

100 Mbps LAN for computer interconnectivity
6 External IP Addresses

Telephone-

1 party line wired telephone connection

Alcove Ventilation -

60 fpm - Maintain compliance with the WIPP Mine Ventilation
Plan

Dust/fumes-

abatement plastic curtains or equivalent around the EXO area

9. Installation and Setup
EXO collaborators will provide all equipment and components for this experiment. Shipments
will be received and staged at the WIPP warehouse. The EXO collaborators must provide a
list of materials being shipped to the WIPP one week prior to shipment. For equipment and
property owned by the collaboration, the EXO collaborators must provide property tracking
stickers for each capital equipment item. The warehouse can provide short-term storage (one
month). Wiring to support electrical power distribution, Internet network connection, and basic
telephone service will be provided by the WIPP Construction Engineering subcontractors.
EXO collaborators will provide the assembly and setup of the experiment. A semi-clean area
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,,.,,,
consisting of plastic curtains will be set up by the WIPP to enclose the working area before the
modules are connected at the underground site. Sufficient space will be provided in the
under9round to connect the LN2 wheeled dewars to the Module 2 manifold and to stage them.
The EXO Collaborators shall notify, by telephone, any Volatile Organic Compound (VOC)
Monitoring Senior Scientist or the voe Monitoring Program Team Leader for the voe
Monitoring Program one day prior to, or on the day, that VOCs will be used in the experiment.
The notification threshold is greater than 20 milliliters per use of any chemical that could
re-lease any type of voe into the ventilation airstream. Activities such as painting surfaces,
using glues, using a cutting torch or welding, solvent cleaning of metals or electronics, using
large amounts of lubricants, or using aerosol sprays, are examples of notification events. The
EXO collaborators will generate a step-by-step experiment set-up procedure to be reviewed
and approved by the WIPP Industrial Safety. All experimental collaborators will receive the
required WIPP training to support their activities. The collaborators will abide by all applicable
WIPP operating procedures. All activities will be scheduled on the plan-of-the-day schedule by
the WIPP Technical Support Engineer. Use of the WIPP hoisting system and Underground
Facility Operations personnel for experiment equipment and component hoisting and transport
to the Core Storage Alcove will be coordinated with primary mission activities. It is expected
that hoist cages will be available for authorized EXO personnel and small equipment Monday
through Saturday from 6 a.m. until 4 p.m.

10. Completion and Removal
The WIPP is a Resource Conservation and Recovery Act - regulated facility and is responsible
for any accidental spillage, removal, and cleanup of hazardous material. Any cleanup and
disposal cost incurred by the WIPP shall be paid by the experimenter. All materials received
by the WIPP warehouse shall be opened and inspected to ensure agreement with the
shipping/packing list included with the shipment. All experimenters are responsible to notify
the WIPP Technical Support Engineer and the WIPP warehouse of any expected shipments.

Appendix A: Cryogenic Safety
As discussed in the body of this document, the entire EXO system will be protected against
overpn~ssures by a set of burst disks. However, the value of the xenon inventory contained in
the detector make it desirable to have a redundant cooling system, making the loss of xenon a
very unlikely occurrence. The set of cryogenic safety procedures (CSP) is designed to protect
the experiment from a loss of xenon. This set of procedures is intended for the sole purpose of
presenting the xenon inventory. Safety for the system is provided by burst disks.
In designing the CSP, five possible emergency situations were analyzed:
Loss of electric power, loss of refrigerator unit, loss of the quartz chamber that contains the
liquid xenon (LXe ), loss of vacuum insulation in the main cryostat, and leakage of HFE7000
from the inner tank of the cryostat.
It is easier and safer in each of these situations to maintain the LXe in liquid phase in the
cryostat where the chamber is located rather than to transfer it to the pressurized storage
cylinders. Transfer to the storage cylinders essentially requires the evaporation and recondensation of the xenon. So the energy (or cooling power) required is far greater than that
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required to simply maintain the LXe liquid. In addition, proper recovery to the storage cylinders
requires the operation of several valves and the monitoring of several instruments such as flow
meters, pressure and temperature gauges. In conclusion, xenon transfers from and to the
storagie cylinders will only be performed under controlled circumstances, with operator
supervision.
Schematically one should imagine that, in the detector, the LXe is contained in a vessel made
primarily of very high purity quartz. The vessel is entirely submerged in a bath of HFE7000
that is, in turn, contained in a vacuum insulated cryostat built of copper.
1. The loss of electric power should be considered the most likely problem that could be
encountered. Indeed, this is the only scenario that will occur with certainty at some
point during the operation of the detector. According to historical records, at least two
power outages per year that could last up to 16 hours are expected. One is a
scheduled outage for maintenance on the grid, the other is an un-scheduled outage.
The scheduled outage is expected to last less than one shift (eight hours) and, in
general, short outages are expected to be more likely than long ones. A batterypowered UPS capable of supplying ten hours electric power to the refrigerator and the
control system for the experiment is planned. An estimated eight kW will be sufficient to
run in this mode. For outages longer than ten hours, or in case of UPS failure, the
detector cooling will be switched automatically to a LN2 loop, supplied by a 500 liter
reservoir dewar kept in the alcove. The stand-by boil-off from the dewar will be less
than 1O I/day, while in the unlikely event of it becoming used, LN 2 will boil-off at a rate
not exceeding 20 I/hour. The LN2 system will be able to maintain the system at a cold
temperature for up to 24 hours. In case of any power outage, regardless how short, the
CMR will notify EXO experimenters by cell phone or pager number provided by the EXO
collaboration.
2. Although the refrigerator units are specified to be maintenance free under continuous
use for several years, the system is designed to have a backup unit always available.
In allocating floor space in Module 3, space for up to three units (two backups) was
provided, so that one unit can be taken off-line for maintenance or repairs without losing
full redundancy. The second backup unit may be considered superfluous when a more
detailed failure analysis is made, particularly since additional emergency cooling power
(for up to one day) is provided by the LN 2 reservoir. Each refrigerator will have its own
independent cold loop in the HFE7000 bath so that it will be a completely independent
cooling system. In addition, another independent cooling loop will be provided for LN 2
cooling.
3. The xenon in the experiment is contained in a quartz vessel. While unlikely, the system
is designed so that catastrophic failure of the vessel would not result in loss of xenon.
Should the quartz vessel fail, the xenon would be released into the HFE7000 bath. As
long as this bath is kept at a temperature around 170 K, the xenon will remain liquid
and, being denser than the HFE7000, will separate at the bottom of the inner tank of the
cryostat. The xenon recovery will then proceed, after appropriate planning, by slightly
increasing the temperature and collecting the gas produced above the HFE7000. The
xenon collected inthis way will have to undergo purification from HFE7000 trace
contamination at a later stage.
Page 16 of 19

·•·

4. It is conceivable that a vacuum leak in the cryostat insulating jacket will result in a heat
load that cannot be compensated by the refrigerator (or the LN 2 system). To prevent
such an occurrence from resulting in loss of xenon, a double cryostat with two insulating
volumes (and three copper walls) is included in the design. The inner insulation is
vacuum while the outer is Styrofoam or gas-nitrogen filled honeycomb core (a
technology used extensively in spacecrafts. The outer insulator will be marginally less
efficient than the inner one and will require more cooling power, but the refrigerators will
be dimensioned to be able to operate reliably in this situation, ensuring stable
temperature in the HFE7000 bath.
5. While a catastrophic failure of the inner copper wall of the cryostat resulting in a loss of
HFE7000 containment is extremely unlikely, xenon cooling can be maintained in this
case provided that the volume of the primary vacuum insulation is small compared to
the quantity of HFE7000 in the bath. The vacuum insulation volume will be small
enough that the HFE7000 will simply be contained by the second copper wall without
substantial change in the level of the bath. The second (and third) copper vessels of
the cryostat will also serve as secondary containers to prevent spills of HFE7000.

Appendix B: Use of ethyl alcohol and acetone
The EXO chamber and the associated XSRP are built out of selected materials with internal
surfac13s that need to be specially treated for UHV use. The only surface treatment procedure
that can achieve the UHV required in the system involves a final wipe of all parts first with
acetone and then with ethyl alcohol. In addition, these two steps have to be performed every
time there is the suspicion that a UHV part has been touched with a non UHV part (such as a
bare finger). The entire EXO system will be assembled at Stanford where all parts will also be
surfac13 treated for UHV. However, it is to be expected that small parts will have to be
occasionally re-treated in the WIPP underground in order to replace defective components,
perform maintenance and correct problems that may arise during commissioning and
operations. It is therefore essential to use and store small quantities of acetone and alcohol in
the EXO modules. The maximum quantity expected for each solvent in the modules will never
exceed one liter. The solvent will be stored in appropriate flammable liquid containers.

Appendix C: HVAC system
The HVAC system will provide appropriate environmental conditions in the EXO modules for
the operation of the detector and comfortable working conditions for the personnel. A major
consideration in the design is that the EXO modules need to be of clean room class 1000 or
better, while the mine environment is dusty, mainly with salt dust and diesel fumes.
It is estimated that the HVAC system will operate with external temperatures ranging from
30 °F 1to 105 °F and air humidity less than 35 percent. It is estimated that the dust in the air at
the HVAC intake to be, on average, 20 mg/m (data shows that this figure can be as high as
70 mg/m 3 in active mining areas, but it is as low as 0.8 mg/m 3 with no mining activity). Twenty
mg/m 3 is a rather pessimistic figure representing an average for the mining area because no
minin9 occurs at night.
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The class 1000 clean room requirements will to be achieved by using HEPA filtration panels
mountied on the inner walls or ceiling of the modules. Care will be used to design the units
with low air speed and large air volume, in order to reduce vibrations. In Modules 1 and 2,
panels will be on the walls to leave full overhead clearance. Filtration will happen in the ceiling
in the other modules. In addition, some make-up air will be provided from the outside after
appropriate filtration stages. The make-up air will be tuned to support a maximum of eight
people doing heavy manual labor, this is the maximum occupancy expected in the complex.
Compressors for air conditioning will be located outside the modules, by Module 6, in order to
reducEi vibrations inside the modules. The temperature will be held constant to ±1 degree C in
the detector room (Modules 1 and 2) and at least ±2 degree C in the rest of the complex. The
heat load will assume 27 kW from the experiment plus the heat produced by personnel and the
air conditioner will be designed to handle this load. This condition may be relaxed somewhat
by noting that the temperature tolerance above does not need to be fulfilled when bakeout is in
progress (when much of the heat is produced). The rest of the heat dissipated in the system
(about 37 kW) will be removed by a water loop and a water cooler located next to the air
conditioner, outside of the modules. The possibility of using simply a water loop with a large
size radiator and fan (no heat pump) is also being investigated.
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APPENDIX D: Electrical Loads and Heat To Be Removed
On at
Run
(kW)

On at
Start
(kW)

UPS
(kW)

HVAC
Load%

High Voltage Power Supplies

2

0

0

0

4 VME crates (2.5 kW each)

10

10

0

0

3 NIM crates (1.5 kW each)

4.5

4.5

0

0

Front-end
Liqht bulbs (35 ea at 100W on UPS)
8 turbopumps (500W each)
4 rouqhinq pumps (1 kW each)
Getter
Workstations (5 at 0.7kW)
Control system (includes safety and
0 2 monitors)
Air compressor
Bakeout jackets
Cryocoolers (one for normal op, 2 at
startup, 1 spare)
Water cooler for cryocooler (fan and
water pump 10 degree C)
Water pump for water shield purifier

0.1
3.5
1
2
0.6
3.5
3

0.1
3.5
4
4
0.6
3.5
3

0
0
0
0
0
0
3

0
100
100
100
100
100
0

1
0
2

1
15
7

1
0
2

0
33
20

2

4

2

100

0.5

0.5

0

100

Total

35.7

60.7

8

Comment
Power heat removed by
special coil
Power heat removed by
special coil
Power heat removed by
special coil
Cooled by cryoqenics

Power heat removed by
special coil
Cooled by underqround air
Most power heat removed
by special coil
Cooled by underground air

Max
(Run,
Start)

HVAC
(kW)

2

r'nnlinn

-~~• .. •::,
Loop
(kW)

0

Emerg
ency.
AC
0

10

0

0

10

4.5

0

0

4.5

0.1
3.5
4
4
0.6
3.5
3

0
3.5
4
4
0.6
3.5
0

0
0
0
0
0
0
0

0.1
0
0
0
0
0
3

1
15
7

0
4.95
1.4

0
0
0.4

1
10.05
5.6

4

4

2

0

0.5
0
62.7

0.5
0
26.45

0
0
2.4

0
0
36.25

2
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Attachment 1
Job Hazard Analysis

Job Hazard Analysis-Enriched Xenon Observatory Project
Contents:
1. Introduction

2. Location
3. c:onfiguration
4. flazards
5. Planned Response to an Accident or an Occurrence
6. Charts of Formal Analysis for Work Performed at WIPP

1. Introduction
The Enriched Xenon double-beta decay Project (EXO) is a multi-faceted experiment to investigate
neutnino-less double-beta decay, an extremely rare type of nuclear process that would allow the
measurement of the mass of neutrinos. EXO involves the use of several potentially hazardous materials,
as well as several potentially hazardous activities associated with its construction and operation. This Job
Hazard Analysis (JHA) covers those activities associated with the Phase One of EXO (see Section 6). The
JHA identifies those areas that require special attention, and provides a detailed plan of the measures that
will be used to minimize the hazards involved. Furthermore, it describes countermeasures that will be
used iin the unlikely event of an accident or spill of a potentially hazardous material. This document
should be read in conjunction with the EXO Project Description. The JHA also describes the specific
ground control inspections that the experimental team must conduct during normal operations of the EXO
project.

This project will be located in the WIPP underground in the Wl 70 drift at approximately S400 in the old
core storage alcove. The currently unoccupied eastern half of the alcove will be allocated to EXO. A
proposed floor plan of the experiment is shown in Figure 1.
EXO PROTOTYPE LAYOUT

-===f

w="e"""

Wall

Xenon Containers

!

Exo Computing Lab

"'!?Battery Pack
I

Emergency
Exit
Cryostat & Shielding

Module 1

--- 2.8m

---•

Cryogenic
Refrigerator
Liquid Xe Detector

Ultrasound
Cleaner

Electronics
Repair Bench

Entrance

Xe Purification System

Module3

•---

2.8m ---

Figure 1 Module Arrangement
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3. Configuration of EXO
The experimental array will consists of six modules. They will be assembled at Stanford University,
shipped to the WIPP, taken underground, and connected to each other. The experiment will require
extremely ]ow radioactive background conditions (along with shielding from cosmic radiation). For this
reason the modules will be configured as clean rooms and will travel from California to WIPP sealed to
avoid contamination from outside dust. (see Figure 1).

4. llazards
(a) Lead Bricks
While lead will not be used as primary shielding, it is possible that up to 20 tons of lead may be used as
the outermost shielding layer. The lead to be used as shielding comes in the form of bricks that measure
2" x 4" x 8" and weigh about 25 lb. each. The lead bricks have several hazards associated with them.
i)

Their intrinsic weight means that during the construction of EXO several precautions must be
followed.
a. Steel toed shoes will be worn at all times.
b. NIOSH lifting procedures will be followed. The Occupational Health and Safety
department at Pacific Northwestern Laboratory will train the designated Safety Officer in
the correct lifting techniques, such that he will be able to train any others involved in the
construction phase. The revised NIOSH lifting equation (DHHS, NIOSH Publication 94110 1994) applied to EXO results in a lifting index of about 1.1, which while indicating no
major issues, does recommend that only physically fit people should be involved.
Mechanical aids will be used wherever possible; specifically, a cart will be used to move
the bricks over any significant distances, such as from where a forklift deposits the bricks
to where they are needed.
c. Before transportation, the lead bricks will be placed onto wooden pallets, approximately 55
bricks per pallet. A plywood sheet will be placed over the top of the bricks, and banded to
the pallet. Additionally, shrink-wrap material will secure the bricks to the pallet. This will
provide ample protection against bricks falling off.

ii)

Lead dust is recognized as toxic with a federal eight-hour human exposure limit of 50µg/m 3 ,
and a WIPP action level of 30 µg/m 3 . Therefore several measures will be taken to protect
against exposure to airborne particles.
a. Before entering the WIPP, each brick surface will be certified to be clean. Should minor
cleaning be necessary, it will be done in accordance with the project description and all
3

waste will be handled in accordance with the EXO Waste Management Plan. Each pallet
will be covered with plastic wrap to contain any lead dust that might be generated during
transportation into the WIPP underground.
b. Upon arrival in the Core Storage Alcove, the pallets will only be placed on surfaces, which
protect the salt floor from becoming contaminated with dust, on a layer of heavy duty
plastic. The dust covers and bands will then be removed. Care must be taken and leather
and nitrile gloves and safety glasses must be worn when removing the bands to protect
against potential cutting and falling hazards.
Bricks will be installed in the experiment using established administrative controls.
Personnel will wear leather and nitrile work gloves, and disposable Tyvec coveralls, and
approved respirators if exposure sampling indicates they are necessary. Whenever bricks
are moved, they will be lifted, not dragged. A dust cover will be installed consisting of
heavy-duty plastic sheeting. No eating, drinking, or smoking will be allowed. After
leaving the area, simple practices of good hygiene will be required, such as prompt
changing and cleaning of clothes and washing of hands. Upon any changes to the lead
structure the plastic will be carefully removed and the structure vacuumed to remove any
dust deposits. If the lead dust measurements indicate that there is a potential for exposure,
administrative controls will be introduced to ensure that nobody could be exposed to a lead
dust concentration above the WIPP action level.

(b) LN2
Use of LN2 presents hazards: frostbite bums from contact with cryogenic surfaces, and asphyxiation from
oxygen displacement. Steps will be taken (e.g. proper air exchange, oxygen monitoring, etc.) to ensure
that the proper ventilation necessary to maintain oxygen levels above 19.5% (minimum for breathing air)
exists during normal operation of the project. LN 2is extremely cold (-196°C = -320°F at atmospheric
pressure) and can cause severe frostbite. Therefore, the standard safety procedures, which include
wearing insulated cryo-gloves and a face shield, will be used when transferring the liquid nitrogen from
the tank to the Dewars. Also, cryo-gloves will be used anytime when touching any object cooled by LN 2 .
The gloves will be loose fitting so that they can be thrown off if liquid is accidentally poured inside them.

(c) VVooden Pallets
The wooden pallets clearly add to the overall level of combustibles in the WIPP underground, and so their
number will be minimized.
(i)

Pallets will be taken to the Core Storage Alcove by forklift, and placed on a tarp to avoid
possible contamination of the underlying salt with lead dust.

(ii)

Once emptied, a minimum number of pallets will be stored in the underground (available in
case the lead needs to be moved). The remaining pallets will be removed from the
underground for storage at the surface. The total number of pallets in the underground is
expected to be about ten.
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(iii)

It would be preferable for high density polyethylene (HDPE) or steel pallets to be used.
Wooden pallets will be replaced as needed.

(d) Electrical
(i)

110 V supply. The EXO will use many electronic modules for the data acquisition system, all
of which are powered through l lOV lines hooked up to Power Substation 4. Ground fault
circuit breakers will be used. Extension cords will not be used except as a temporary measure.
All extension cords will be GFCI protected.

(i:i)

High Voltage. The exact configuration of the electronics in Module 3 is still under discussion.
In general a multi-channel high voltage power supply (HVPS) intended for photomultiplier
tubes, such as the CAEN model SY527, and a single channel higher voltage unit providing up
to 100 kV (DC) at less than 100 microamperes to the detector. There will be several low
voltage bench top power supplies and five to ten VME crates. We will also have about five
NIM instrumentation crates. The VME crates will house TDC and ADC units, controllers
and readout modules/memories. There will also be up to 100 channels of 2kV, 2mA to supply
photomultipliers. Standard high voltage safety procedures will be applied in the appropriate
areas.

(e) Ground Control
We expect no ground control problems, because the WIPP has an excellent ground control
program, and work areas are inspected daily. 30 CFR 57 requires that persons experienced in
examining and testing for loose ground shall be designated by the mine operator. WIPP personnel
are qualified for this task after completing a 40-hour miner-training course. Each person is
required to examine, and as applicable test, ground conditions in areas where work is to be
performed, prior to commencing work. Requirements for ground control are provided in the
Annual Ground Control Operating Plan. (See Attachment 5)

5. Plans for response to an accident or an occurrence
(a) Response to a leak of Ethanol or Acetone used for surface treatment of equipment
If a spill occurs during the fluid transfer process, work will be stopped, the CMR shall be notified,
and the fluid will be contained, absorbed, and managed in accordance with approved spill response
and reporting procedures. Waste products will be characterized and properly managed and
disposed of, using approved WIPP site generated waste management procedures.
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(b) Response in the event of an underground fire
Response to fire in the underground will be in accordance with approved WIPP procedures.
Personnel discovering a fire will notify the CMR by regular phone (8111) or the mine pager phone.
Personnel may attempt to extinguish the fire using a portable fire extinguisher only if they feel
capable and safe in doing so. If unable to extinguish the fire, they will evacuate to an egress hoist
station. Personnel encountering smoke will don their self-rescuer immediately. NOTE: Selfrescuers are for emergency egress only and ARE NOT to be used for fire fighting purposes.

(c) Response to lead dust exposure
Individual exposure will be assessed, and mitigation measures (such as reduced lead handling time
or additional PPE) will be taken in accordance with approved WIPP procedures.

(d) Response to an injury (e.g. from dropping a brick)
A first aid kit will be in the EXO modules for immediate action; the CMR will be notified on the
mine pager phone. Assistance will be request from trained WIPP emergency response personnel.

(e) Response to a leak of LN2
If a leak or spill occurs during the fluid transfer process to fill the LN 2 dewars, work will be
stopped, the CMR will be notified, and proper first aid will be administered if any LN2 comes in
contact with skin. The fluid will be contained by closing the main LN2 supply valve. The incident
will be managed in accordance with approved response and reporting procedures.

(0 Emergency evacuation routes
Primary route:
Exit the Core Storage Alcove to the west and proceed to the WI 70 drift, tum left (north) at
S400. Assemble/exit at Salt Handling Shaft.
Secondary route
Exit the Core Storage Alcove to the west and proceed to the Wl 70 drift, tum to the left
(north). Proceed along W170 to N150. Tum right at N150 and proceed east to the E0 drift.
Tum right (south) at E0 and proceed to the assembly area /exit at the Salt Handling Shaft.
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EXO
JOB HAZARD ASSESSMENT WORKSHEET

Movement of Bricks to Underground and on to the Core Storage Alcove
(Type of Work Performed)
Author: _ _ _ _ _ _ _ _ _ _ Date: ____ WIPP Safety Engineer Concurrence _ _ _ _ _ _ _ _ Date:
STEP

1) Truck deliver to staging area

HAZARD

a)
b}
c)

2) Forklift stage bricks on surface

a)
b)
c)
d)

3) Forklift load bricks on cage

a)
b}
c)
d)

4) Forklift remove bricks from
cage

a)
b}
c)
d}

5) Forklift unload bricks at Core
Storage Alcove

a)
b}
c)
d)
e)

•

Shifting of load, bricks fall, damage
equipment, injure personnel
Failure of pallet, bricks fall, damage
equipment, injure personnel
Airborne lead dust inhalation

Pallet failure, bricks fall, damage
equipment, injure personnel
Misaligned forks, bricks fall, damage
equipment, injure personnel
Misaligned forks, plastic rips,
airborne lead dust inhalation
Plastic comes loose, lead dust
inhalation

Pallet failure, bricks fall, damage
equipment, injure personnel
Misaligned forks, bricks fall, damage
equipment, injure personnel
Misaligned forks, plastic rips,
airborne lead dust inhalation
Plastic comes loose, lead dust
inhalation
Pallet failure, bricks fall, damage
equipment, injure personnel
Misaligned forks, bricks fall, damage
equipment, injure personnel
Misaligned forks, plastic rips,
airborne lead dust inhalation
Plastic comes loose, lead dust
inhalation
Pallet failure, bricks fall, damage
equipment, injure personnel
Misaligned forks, bricks fall, damage
equipment, injure personnel
Misaligned forks, plastic rips,
airborne lead dust inhalation
Plastic comes loose, lead dust
inhalation.
Mine traffic causing accident.

MITIGATING ACTIONS

a)
b)

c)

a)
b)

c)
d)

a)
b}

c)
d)
a)
b)

c)
d}
a)
b)

c)
d)
e)

Load secured
Pallets inspected prior to being
received at site. Defective pallets
replaced
Bricks cleaned and wrapped in
plastic prior to receipt. Air
monitoring for lead.
Qualified forklift operator. Pallets
inspected. Faulty pallets replaced.
Qualified forklift operator and spotter,
bricks secured with plastic and
straps.
Qualified forklift operator and spotter.
Plastic secured off site. Inspect
before handling. Repair with duct
tape if necessary. Air monitoring for
lead.
Qualified forklift operator. Pallets
inspected. Faulty pallets replaced.
Qualified forklift operator and spotter,
bricks secured with plastic and
straps.
Qualified forklift operator and spotter
Inspect. Repair with duct tape if
necessary. Air monitoring for lead.
Qualified forklift operator. Pallets
inspected. Faulty pallets replaced.
Qualified forklift operator and spotter,
bricks secured with plastic and
straps.
Qualified forklift operator and spotter
Inspect. Repair with duct tape if
necessary. Air monitoring for lead.
Qualified forklift operator. Pallets
inspected. Faulty pallets replaced.
Qualified forklift operator and spotter
bricks secured with plastic and
straps.
Qualified forklift operator and spotter
Inspect. Repair with duct tape if
necessary. Air monitoring for lead.
Qualified operators.

Equipment: (list any tools that may represent a hazard and all chemicals}
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•
•
•
•

•
•

PPE: (list all PPE required)
Can pushing, pulling, lifting, bending or twisting cause strain?
Is there a danger of striking against, being struck by, or otherwise making a harmful contact with an object?
Is fall protection equipment required?
Have MSDS been reviewed for chemicals used?
Are there any environmental issues: heat, cold, lighting?

•

Comments:
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EXO
JOB HAZARD ASSESSMENT WORKSHEET

Assembly of Modules and Detector
(Type of Work Performed)
Author: _ _ _ _ _ _ _ _ _ _ Date:____ WIPP Safety Engineer Concurrence _ _ _ _ _ _ _ Date:

STEP
1) Placement of lead bricks

:~) Assembly of Modules
3) Assembly of XSRP System

4) Assembly of N2 Dewar system
5) Filling of LN2 system

HAZARD

MITIGATING ACTIONS

a)

Lifting

a)

b)

Lead dust - inhalation

b)

c)

Lead dust - ingestion

c)

d)
e)
a)
b)

Tripping on equipment
Dropping brick

d)
e)

Lifting
Pinch Fingers

a)
b)

a)
b)
c)
d)

Pinch Fingers
Burn from baking of XSRP system
Fire from use of Acetone or Ethanol
Respiratory issues from use of
Acetone or Ethanol

a)
b)

a)
a)
b)
c)

Lifting
Skin contact with fluid or cold metal
Leak of LN2
Eye contact with LN2

c)

d)
a)
a)

b)

c)

6) Assembling detector

•

•
•

a)

Electrical

a)

Training in proper lifting. Using
mechanic means where possible.
Apply NIOSH lifting equation.
DO NOT SLIDE BRICKS. Bricks will
be cleaned before arrival at site.
Remove plastic cover slowly. Perform initial air monitoring under limited
lifting scenario. HEPA vacuum loose
dust. Establish administrative
controls based on monitoring results.
Use impervious gloves and coveralls
while moving brick. Remove PPE
using contamination methods. Wash
hands immediately after removing
PPE.
Training. Use caution bi-folds.
Steel toed shoes required.
Training in proper lifting.
Careful use of hand tools.
Careful use of hand tools.
Use of gloves allows proper time for
system to cool.
Ensure adequate ventilation. No
smoking signs will be posted at
experimental area.
Ensure adequate ventilation.
Training in proper lifting.
Use of impervious cryo-gloves.
Supply tubes will be inspected prior to
use.
Ensure proper ventilation prior to fluid
transfer. Isolate LN2 by closing valve.
Inspect Swagelock fittings.
Chemical goggles or a face shield will
be used during transfer of the fluid.
Qualified experimenters will perform
work following site procedures. Work
on de-energized equipment. GFCls
are required. Extension cords may
not be used on a permanent basis.

Equipment: (list any tools that may represent a hazard and all chemicals)
PPE: (list all PPE required)
Can pushing, pulling, lifting, bending or twisting cause strain?
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•
•
•
•

Is there a danger of striking against, being struck by, or otherwise making a harmful contact with an object?
Is fall protection equipment required?
Have MSDS been reviewed for chemicals used?
Are there any environmental issues: heat, cold, lighting?

•

Comments:
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EXO
JOB HAZARD ASSESSMENT WORKSHEET

Movement of Modules to Underground and on to the Core Storage Alcove
(Type of Work Performed)
Author: _ _ _ _ _ _ _ _ _ _ Date: ____ WIPP Safety Engineer Concurrence _ _ _ _ _ _ _ _ Date:

HAZARD

STEP

1) Truck deliver to staging area

a)

Shifting of load, damage equipment,
injure personnel

a)
b)

Load secured

2) Forklift stage modules on
surface

a)

Pallet failure, modules fall, damage
equipment, injure personnel
Misaligned forks, damage
equipment, injure personnel
Misaligned forks, plastic rips, module
contamination
Plastic comes loose, module
contamination

a)

Qualified forklift operator. Modules
inspected. Faulty modules repaired.
Qualified forklift operator and spotter,
modules secured with straps.
Qualified forklift operator and spotter.
Plastic secured off site. Inspect
before handling. Repair with duct
tape if necessary.

Pallet failure, module's fall, damage
equipment, injure personnel
Misaligned forks, modules fall,
damage equipment, injure personnel
Misaligned forks, plastic rips,
airborne salt dust contamination
Plastic comes loose, dust
contamination
Pallet failure, modules fall, damage
equipment, injure personnel
Misaligned forks, modules fall,
damage equipment, injure personnel
Misaligned forks, plastic rips,
airborne salt dust contamination
Plastic comes loose, dust
contamination
Pallet failure, modules fall, damage
equipment, injure personnel
Misaligned forks, modules fall,
damage equipment, injure personnel
Misaligned forks, plastic rips,
airborne salt dust contamination
Plastic comes loose, dust
contamination
Mine traffic causing accident.

a)

b)
c)
d)
3) Forklift load modules on cage

a)
b)
c)
d)

4) Forklift remove modules from
cage

a)
e)
f)
b)

5) Forklift unload modules at Core
Storage Alcove

a)
g)
h)
f)
g)

•
•
•
•
•

MITIGATING ACTIONS

b)
c)
d)

b)
c)
d)
a)
e)
f)
b)

a)
g)
h)
f)
g)

Qualified forklift operator. Modules
inspected. Faulty modules repaired.
Qualified forklift operator and spotter,
modules secured with straps.
Qualified forklift operator and spotter
Inspect. Repair with duct tape if
necessary.
Qualified forklift operator. Modules
inspected. Faulty modules repaired.
Qualified forklift operator and spotter,
modules secured with straps.
Qualified forklift operator and spotter
Inspect. Repair with duct tape if
necessary.
Qualified forklift operator. Modules
inspected. Faulty modules repaired.
Qualified forklift operator and spotter,
modules secured with straps.
Qualified forklift operator and spotter
Inspect. Repair with duct tape if
necessary.
Qualified operators.

•
•

Equipment: (list any tools that may represent a hazard and all chemicals)
PPE: (list all PPE required)
Can pushing, pulling, lifting, bending or twisting cause strain?
Is there a danger of striking against, being struck by, or otherwise making a harmful contact with an object?
Is fall protection equipment required?
Have MSDS been reviewed for chemicals used?
Are there any environmental issues: heat, cold, lighting?

•

Comments:
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Attachment 2
Enriched Xenon Observatory (EXO)
Experiment Waste Management Plan

Enriched Xenon Observatory (EXO)
Experiment Waste Management Plan
Introduction
The purpose of this document is to identify the expected waste streams (hazardous and
non- hazardous) and document the quantity and disposal method associated with each
item. This includes chemical containers, consumable products (cp) and personal
protective equipment (ppe). This document does not supersede the project description,
job hazard analysis, WIPP Safety and Health procedures, the EXO Memorandum of
Understanding, the WIPP Site User's Guide checklist or any other approved, controlling
documents related to this experiment.

Chemical Containers
HFE7000 Drums
The experiment is expected to use five tons of HFE7000 refrigeration fluid. The material
is shipped in 55 gallon drums and has a specific gravity of 1.41. Each gallon of fluid
weighs 11.75 pounds and the experiment is expected to use 15.5 drums of refrigerant.
Stanford University personnel with the proper licenses and certifications will pump the
fluid into the refrigeration system after assembly at the WIPP. The empty containers will
be stored in the WIPP porta-camp facility. These containers will be used to collect the
refrigerant at the end of the experiment and ship the material back to Stanford University.
Acetone Containers
The experiment will use a very small amount of acetone. Ten to twenty liters per year is
the expected usage. During use, the acetone will be stored within a fire rated protection
cabinet near the experiment modules in the Core Storage Alcove. The minimal usage of
this product should limit the number of containers to about one or two per year. Empty
acetone containers will be disposed of within one of two standard underground waste
receptacles located at either S-1300 / W-30 or the Waste Shaft Station. Containers are
considered empty if as much residual liquid as possible has been poured out and drained
from the container. The labels and markings should be removed from the containers
before disposal.

Ethyl Alcohol Containers
The experiment will use a very small amount of ethyl alcohol. Ten to twenty liters per
year is the expected usage. During use, the ethyl alcohol will be stored within a fire rated
protection cabinet near the experiment modules in the Core Storage Alcove. The
minimal usage of this product should limit the number of containers to about one or two
per year. Empty ethyl alcohol containers will be disposed of within one of two standard

underground waste receptacles located at either S-1300 / W-30 or the Waste Shaft
Station. Containers are considered empty if as much residual liquid as possible has been
poured out and drained from the container. The labels and markings should be removed
from the containers before disposal.

Non-Hazardous and Hazardous Waste Streams
Chem-Wipes
The experiment will use a modest amount of Chem-wipes. During the commissioning
phase when building the experiment the collaborators expect to use about one box of
40cm by 40cm wipes per day. Each box contains 140 count of wipes. During the
operational phase the experimenters expect to use one box per day. Expended wipes will
be locally collected in a container and disposed of within one of two standard
underground waste receptacles located at either S-1300 / W-30 or the Waste Shaft Station
at the end of each shift.
Acetone Contaminated Cloth Wipes
The experiment will use a very small amount of acetone. The acetone will be used to treat
the surfaces of the ultra-high-vacuum parts. Clean 8 ½ inch by 11 inch paper wipes will
be used to apply the acetone to treat parts. The minimal usage of this product should
limit the number of wipes to about one box per day. Expended wipes will be locally
collected in a container and disposed of at the end of each work shift within one of two
standard underground waste receptacles located at either S-1300 / W-30 or the Waste
Shaft Station at the end of each shift.
Ethyl Alcohol Contaminated Cloth Wipes
The experiment will use a very small amount of ethyl alcohol. The ethyl alcohol will be
used to treat the surfaces of the ultra-high-vacuum parts. Clean 8 ½ inch by 11 inch
paper wipes will be used to apply the ethyl alcohol to treat parts. The minimal usage of
this product should limit the number of wipes to about one or two per day. Expended
wipes will be locally collected in a container and disposed of at the end of each work
shift within one of two standard underground waste receptacles located at either S-1300 /
W-30 or the Waste Shaft Station at the end of each shift.
Lead Contaminated Pallets, Wrapping, and Other Packaging Material
As agreed to in EXO Project Description documentation, the lead shielding brought on
site for this project shall be inspected and found free of oxidation and particulate matter
prior to shipment to WlPP. WlPP Hazardous Waste Management and/or Industrial
Safety and Hygiene personnel will determine which packing materials have the potential
to be of regulatory or health concern. Those materials will be containerized pending
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sample analysis (Toxicity Characteristic Leaching Procedure (TCLP) as required by
applicable environmental regulations and facility disposal requirements). Material failing
analysis, or not analyzed and assumed contaminated will be disposed as hazardous waste
through a licensed Treatment, Storage, and Disposal (TSD) facility. Material passing
analysis or not considered as suspect contaminated will be recycled or disposed of as
ordinary waste.

Wire Scrap and Insulation
The experiment is expected to produce less than two cubic feet of wire scrap and wire
insulation over one year of operation from the hook-up of electrical equipment and data
acquisition equipment. This material will be locally collected in a container and placed
in the underground scrap metal bins for recycling. (The scrap metal bins are moved to
various locations in the underground depending on where work is being performed.).

Personal Protective Equipment
Lead Contaminated Overalls
EXO personnel shall wear Tyvek overalls, and steel-toed boots when handling lead
bricks. Doffed Tyvek clothing shall not be reused, but shall be placed in a dedicated used
clothing Satellite Accumulation Area (SAA) located in the work area at the end of the
work period. Used clothing/PPB will be disposed of in accordance with the Request for
Disposal procedure. WIPP Hazardous Waste Management (HWM) personnel will direct
the disposal of waste from the SAA as dictated by analytical data and applicable
regulations and WIPP procedures. Boots shall be wiped down with a consumer vinegar
cleaning solution (Green Windex or equivalent) prior to leaving the work area. Used
wipes shall also be disposed into the used clothing SAA. (WIPP site procedures require
HWM personnel to be contacted by letter prior to establishment of an SAA. WIPP HWM
will respond in writing and will direct the establishment of the SAA.)

Lead Contaminated Gloves
EXO personnel shall wear leather or nitrile coated work gloves when handling lead
bricks. These gloves will be stored in a cabinet within Module 6 during the operation of
the experiment. Gloves will be wiped with a consumer vinegar cleaning solution after
contact with lead and prior to leaving the work area. Gloves used for handling bricks
may be re-used, but shall remain in the work area, and at the end of their useful life shall
be disposed into the used clothing SAA in the work area.

3

Attachment 3
EPA WIPP Experiment Review Checklist

Enriched Xenon Observatory Experiment - EPA WIPP
Experiment Review Checklist
Primary interests and concerns related to placing individual experiments in the WIPP
underground:

1. Can the introduction of this experiment affect in any way the long-term integrity and
viability of the WIPP as a disposal system for radioactive waste?
The potential for long-term impacts was considered during the project review process.
Long-term impacts from this project are not anticipated because of the following:
•
•
•
•

the experiment will be conducted for one year (optional extension to five years), and
then be decommissioned,
the experiment will not change the repository footprint,
the experiment will not interfere with waste handling or emplacement,
the experiment utilizes materials with no potential for salt interactions, and all
equipment, materials, and wastes will be removed from the site prior to
decommissioning of the WIPP.

2. Is there anything about the experiment that could alter the repository's design baseline
from the terms of EPA' s certification?
The design baseline of the repository will not be altered from the terms ofEPA's
certification by conducting the Enriched Xenon Observatory (EXO) astrophysics
experiment at WIPP. Because the EXO astrophysics experiment activities will be
scheduled at a lower priority than waste disposal operations, the experiment will not
interfere with waste disposal operations. Because all material from the experiment shall
be removed prior to closure of the facility, it can not adversely impact the long term
performance of the repository.

3. Could this experiment's interaction with other experiments create potential hazards
during the short-term operational phase or the long-term performance of the disposal
system? In other words, are there any potential synergistic effects that could result
from an accident that affects multiple, unrelated experiments or operations?
Due to the location, configuration, construction and scope of the experiment accidents
involving the EXO experiment would have no potential synergistic effects to waste
handling operations or other experiments. Since any accident would be immediately
cleaned-up, there would also be no impact on the long-term performance of the
disposal system.

EXO Project Summary
Plan and Description
The EXO Project Description, EXO Job Hazard Analysis and EXO Waste
Management Plan provide a comprehensive description of the experiment, including
location, detailed drawings, hazard analysis and required mitigation measures,
estimated duration, potential impact on waste disposal operations, and potential to
impact long-term repository conditions.
The EXO Project will consist of a series of passive experiments to measure double beta
decay events where the interactions are captured by the detector array, converted to
electronic signals and routed into a computer data acquisition system. The sources that
can cause these interactions include natural background radiation, cosmic rays, or a
calibrated gamma-ray or neutron source, depending on the particular study being
performed. Typical tasks that will be performed by the personnel operating the EXO
experiment will consist of the following:
•
•
•
•
•

Perform standard, daily, underground operation inspections (ground control,
ventilation, electrical power, mine communications, etc.)
Inspect experiment for evidence of leaks, spills, or off normal conditions.
Perfonn electrical system checks of equipment.
Collect data from study.
Revise the layout of the experiment to measure a new parameter and repeat the
above tasks.

The Carlsbad Field Office (CBFO) Chief Scientist and the Managing and Operating
Contractor Safety and Health (S&H) Department will review and approve a test plan
prior to the initiation of the experiment. As the experiment progresses, analysis of the
results may be used to improve the design or alter specific portions of the test plan.
Any time that the experiment is reconfigured, the appropriate industrial hygiene and
safety procedures and controls will be utilized. These changes will be reviewed by the
CBFO Chief Scientist and the S & H department and approved prior to their
implementation. Wastes generated during reconfiguration will be characterized and
disposed of in accordance with the EXO Waste Management Plan, applicable
regulations and WIPP procedures.
Location
The experiment will be located in the west section of the Core Storage Alcove, Wl 70
drift at approximately S400 of the WIPP underground, and utilize an area
approximately 26 feet wide by 54 feet wide. The location was chosen so as to preclude
its interference with waste disposal operations. The alcove is physically isolated from
the waste handling traffic pattern and the waste disposal areas of WIPP. In addition,
the S400 area of the W 170 drift is within a separate air ventilation circuit from the
circuits used to service underground disposal operations.
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Configuration and Organization
The EXO project is a passive cryogenic experiment to investigate neutrino-less
double-beta decay, an extremely rare type of nuclear process that would allow us to
measure the mass of neutrinos. The primary components of the experiment will be an
aluminum module containing the copper, lead, HFE7000 refrigerant and water
shielded time projection chamber (TPC). A second aluminum module containing the
Xenon purification system is important for the purification of the xenon 136 isotope.
Four additional aluminum modules containing the electronic data conditioning
equipment, power backup equipment and computer workstations house the support
equipment. All modules will be air-conditioned and equipped with a high efficiency
particulate air (HEP A) filter system to keep the air around the experiment at clean
room conditions. The detector will consist of a TPC operating at -100 degrees C and
one atmosphere pressure using a closed circuit refrigeration system to maintain the
temperature and surrounded by the required shielding. The cooling fluid for the TPC
is provided by HFE7000 refrigerant cooled by electric refrigeration.
The potential for synergistic impacts from this experiment was examined during the
review process and no potential impacts were identified. Due to the location and scope
of the experiment there will be no synergistic effects to waste handling or other
experiments. This project has no expected emissions or effluents that could impact
existing experiments or waste disposal operations. The upgraded ventilation flow is
able to mitigate a release from the liquid nitrogen loop used in Phase One. The
experiment is completely separated from the disposal areas of the mine, and from the
ventilation circuits that service those areas. In the event a spill or minor fire were to
occur in the EXO area of the Core Storage Alcove, there would be no impact to
existing underground experiments or waste handling/disposal operations. In the
unlikely event of a significant spill or fire, regardless of the location, all underground
activities will be placed in a safe condition and personnel will be evacuated from the
underground.
The Environmental Assessment (EA) for Conducting Astrophysics and Other Basic
Science Experiments at the WIPP Site completed a bounding impact assessment of a
series of proposed experiments at the WIPP. The EA committed to determining if
additional NEPA documentation would be required to assess potential environmental
impacts for future experiments, as details of those experiments became available. In
keeping with this commitment, a NEPA compliance checklist, developed in accordance
with the WIPP NEPA Compliance Procedure, will be used to initiate the regulatory
review and address the cumulative impacts of all future experimental programs,
inc1uding EXO.
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Hazard Analysis
The planning, siting, and safety review processes required for conducting the EXO
experiment in the WIPP underground included a comprehensive assessment of the
experiment's potential impact and hazards. The short operational duration, passive
nature, and isolated location of the experiment preclude any short-term or long-term
impact to waste emplacement operations in the repository. Because the experiment
does not change the footprint of the repository, has no expected effluents other than
nitrogen gas, requires no special utilities or unusual infrastructure requirements, and
will be completely removed from the underground prior to repository closure it has no
short tem1 or long term impact on the repository design, operation or long-term
performance.
An Unreviewed Safety Question (USQ) screening was completed to determine if the
impacts of conducting the experiment at WIPP would impact the safety basis described
in the WIPP Safety Analysis Report (SAR). The USQ process evaluated whether
events associated with the experiment could result in an unplanned release of
radioactive material, result in a new type of initiating event not previously identified, or
be considered a new type of accident not bounded by previous accidents evaluated in
the SAR. An initiating event would be some event from the experiment that would
cause a credible, new, radiological accident not previously considered by the SAR.
This evaluation determined that potential accidents associated with the experiment
can not affect the WIPP safety basis defined in the SAR and would not impact TRU
waste disposal certification.
A Job Hazard Analysis (JHA) was performed during the review process to evaluate
potential industrial safety accident scenarios, assist in the development of safety and
industrial hygiene programs to control or mitigate potential personnel exposures, and
address response to potential incidents. The JHA identifies hazards associated with
the lead shielding, liquid nitrogen, and electrical power supply. In general, the
identified hazards were:
•
•
•
•

the intrinsic weight of the lead bricks and potential for airborne lead dust,
the potential for frostbite burns from contact with cryogenic surfaces or spillage
of liquid nitrogen,
the potential for asphyxiation from oxygen displacement by nitrogen gas, and
the possibility of fire due to the presence of flammable liquids, combustible
wood pallets and electrical power.

The JHA evaluated industrial safety and health hazards associated with the
experiment to provide a response to proposed incidents and identify actions to control
or mitigate potential personnel exposures. The JHA demonstrates that the WIPP
facilities and infrastructure can provide support for this project without interfering
with the primary mission of WIPP, to safely manage and dispose of transuranic
wastes. The safety protocols and controls required to prevent injury or accidents and
mitigate potential exposures from these hazards are described in detail in the JHA.
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The experiment area will be supplied with approximately 18,000 cubic feet of airflow
per minute from the S90 drift through an auxiliary ventilation duct and fan. The
ventilation duct discharges air at the rear of the core storage alcove. Once air is
circulated through the alcove it discharges into the Wl 70 drift, inter-mixes with
exhaust air from the active mining area, and flows directly to the exhaust shaft without
passing through any additional work areas.
WASTE STORAGE AREA

EXHAUST
SHAFT

SALT
HANDLING
SHAFT-

STANFORD UNIVERSITY - (EXO)
ENRICHED XENON EXPERIMENT

AIH INTAKE
SHAFT

ROOM Q

Figure 1 Location of Stanford University EXO Experiment
Experimental equipment and personnel will be transported underground such that their
introduction will not interfere with waste disposal operations. Construction and
experiment operational activities, including the movement of materials, will be
coordinated with the Westinghouse TRU Solutions CH Waste Operations and Mine
Operations Departments to ensure that equipment and personnel are available to
support required tasks. Materials will be moved during non-waste receipt periods to
avoid potential conflicts with TRU waste operations.
Both the USQ and JHA specifically addressed potential accident and failure scenarios.
The USQ screening process evaluated the experiment to determine possible impact to
the WIPP safety basis and determined that the experiment will not impact the safety
basis of the CH waste process.
The potential for long-term impacts was considered during the project review process.
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Long-term impacts from this project are not anticipated because of the following:
•
•
•
•
•

•

the experiment will be conducted for one to five years and then be
decommissioned,
the experiment will not interfere with waste handling or emplacement,
the experiment utilizes materials with no potential for salt interactions,
the location of the experiment will be actively managed for ground control,
all equipment, materials and wastes collected at WIPP before, during and after the
operation of the experiment will be managed according to approved WIPP
procedures, and
all equipment, materials, and wastes will be removed from the site prior to
decommissioning of the WIPP.

Installation of equipment used in the experiment will be conducted in accordance with
standard WIPP work authorization processes to ensure engineered safety features and
controls are implemented to prevent the occurrence of accidents. These processes
require Engineering Change Proposals to be developed and standard environmental,
safety, and regulatory compliance reviews of the proposals to be performed prior to
implementation.
The hazards and safety protocols/controls identified in the JHA will not impact the
approved certification design of the repository. The experiment will be built using
inert materials. These materials include the copper, lead, HFE7000 refrigerant,
mineral oil or water shielding, the time projection chamber detector, the Xenon
storage purification and recovery system and a cryostat system containing liquid
nitrogen. These materials will be removed from the site prior to repository closure
and have no short-term potential for salt interaction. Details of protocols that will be
followed to prevent and manage releases are described in the Project Description and
Section 4(b) of the JHA. Additionally, these products have been used in the WIPP
underground and have no significant safety risk and the experiment will be removed
from the site prior to repository closure.

Installation and Implementation
Installation of equipment used in the experiment will be conducted in accordance with
standard WIPP work authorization processes. These processes require that
Engineering Change Proposals be developed and that standard environmental, safety,
and regulatory compliance reviews of the proposals be performed prior to
implementation.
Construction of the Phase One EXO experiment is estimated to require six hoist trips
for downloading the aluminum modules, estimated five hoist trips to transport
shielding materials underground and four hoist trips for downloading equipment.
Additionally one to three hoist trips daily will be required to transport liquid nitrogen
to the underground. Experimental equipment and personal will be transported
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underground so as to not interfere with waste disposal operations. Construction and
experiment operational activities, including the movement of materials, will be
coordinated with the Westinghouse TRU Solutions CH Waste Operations and Mine
Operations Departments to ensure that equipment and personnel are available to
support required tasks. Materials will be moved during the periods of non-waste receipt
periods to avoid potential conflicts with TRU waste operations.
Review of the construction requirements and the operating plans indicate that no more
than eight experimenters will be required to construct and operate the experiment on a
daily basis. Additional collaborators may visit the project from time to time.

Completion and Removal
All equipment, materials, and wastes will be removed from the site prior to
decommissioning of the WIPP as defined in the WIPP Hazardous Waste Facility
Permit. See Section 10, "Completion and Removal", of the EXO Project Description.
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I 3M MATERIAL SAFETY DATA SHEET "''

' (TM) Novec (TM) Engineered Fluid HFE-700(1

9/05/2002
-----------~

3IVI
Material Safety Data Sheet
Copyright, 2002, 3M Company. All rights reserved. Copying and/or downloading of this information for the purpose of properly
utilizing 3M products is allowed provided that: (I) the information is copied in full with no changes unless prior written agreement is
obtained from 3M, and (2) neither the copy nor the original is resold or otherwise distributed with the intention of earning a profit
thereon.

I
PRODUCT NAME: 3M (TM) Novec (TM) Engineered Fluid HFE-7000
MANUFACTURER: 3M
DIVISION: 3M Specialty Materials
ADDRESS: 3M Center
St. Paul, MN 55144-1000
EMERGENCY PHONE: l-800-364-3577 or (651) 737-6501 (24 hours)
Issue Date: 09/05/2002
Supercedes Date: 05/28/2002
Document Group: 16-2638-1
Product Use:
Intended Use:
Specific Use:

FOR INDUSTRIAL USE ONLY. NOT INTENDED FOR USE AS A MEDICAL
DEVICE OR DRUG.
HEAT TRANSFER FLUID IN INDUSTRIAL APPLICATIONS

Ingredient

C.A.S. No.

¾byWt

METHYL PERFLUOROPROPYL ETHER

375-03-1

> 99.5

3.1 EMERGENCY OVERVIEW
Specific Phyi,ical Form: Liquid
Odor, Color, Grade: colorless with slight ether odor.
General Phy:sical Form: Liquid
Immediate health, physical, and environmental hazards:

May cause target organ effects.

3.2 POTENTIAL HEAL TH EFFECTS
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Page 1 of 8
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-------------~

Eye Contact:
Mild Eye Irritation: Signs/symptoms may include redness, pain, and tearing.

Skin Contact:
Contact with the skin during product use is not expected to result in significant irritation.

Inhalation:
Prolonged or repeated exposure, above recommended guidelines, may cause:
May be absorbed following inhalation and cause target organ effects.

Ingestion:
Gastrointestinal Effects: Signs/symptoms may include stomach upset, nausea, vomiting and diarrhea.

Target Organ Effects:
Prolonged or repeated exposure, above recommended guidelines, may cause:
Liver Effects: Signs/symptoms may include loss of appetite, weight loss, fatigue, weakness, abdominal tenderness and
jaundice.

4.1 :FIRST AID PROCEDURES
The following first aid recommendations are based on an assumption that appropriate personal and industrial hygiene practices are
followed.
Eye Contact:: Flush eyes with large amounts of water. If signs/symptoms persist, get medical attention.
Skin Contac1t:

Wash affected area with soap and water. If signs/symptoms develop, get medical attention.

Inhalation: If signs/symptoms develop, remove person to fresh air. If signs/symptoms persist, get medical attention.
If Swallowed: Do not induce vomiting unless instructed to do so by medical personnel. Give victim two glasses of water. Never
give anything by mouth to an unconscious person. Get medical attention.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Page 2 of 8
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5.1 FLAMMABLE PROPERTIES
415 °C
Not Applicable
Not Applicable
Not Applicable

Autoignition temperature
l•lash Point
flammable Limits - LEL
Flammable Limits - UEL

5.2 EXTINGUISHING MEDIA
Non-combustible. Choose material suitable for surrounding fire.

5.3 PROTECTION OF FIRE FIGHTERS
Special Fire Fighting Procedures: Wear full protective clothing, including helmet, self-contained, positive pressure or pressure
demand breathing apparatus, bunker coat and pants, bands around arms, waist and legs, face mask, and protective covering for
exposed areas of the head.
UnusU1al Fire and Explosion Hazards:

No unusual fire or explosion hazards are anticipated.

Note: See STABILITY AND REACTIVITY (SECTION 10) for hazardous combustion and thermal decomposition
information.

ISECTION 6: ACCIDENTAL REI.EASE MEASURES.
Accidental Release Measures: Evacuate unprotected and untrained personnel from hazard area. The spill should be cleaned up by
qualified personnel. Ventilate the area with fresh air. Contain spill. Working from around the edges of the spill inward, cover with
bentonite, vermiculite, or commercially available inorganic absorbent material. Mix in sufficient absorbent until it appears dry.
Collect as much of the spilled material as possible. Clean up residue with an appropriate organic solvent. Read and follow safety
precautions on the solvent label and MSDS. Collect the resulting residue containing solution. Place in a closed container approved
for transportation by appropriate authorities. Dispose of collected material as soon as possible.
In the event of a release of this material, the user should determine if the release qualifies as reportable according to
local state and federal re ulations.

7.1 HANDLING
Avoid breathing of vapors, mists or spray. Do not eat, drink or smoke when using this product. Wash exposed areas thoroughly with
soap and water. Contents may be under pressure, open carefully. For industrial or professional use only. Avoid contact with
oxidizing agents. Use general dilution ventilation and/or local exhaust ventilation to control airborne exposures to below
Occupational Exposure Limits. If ventilation is not adequate, use respiratory protection equipment. Store away from and prevent
contact with strong acids, bases, and oxidizers.

7.2 STORAGE
Store away from acids. Store away from oxidizing agents. Keep container in well-ventilated area.

!SECTION 8: EXPOSURE C0"N(F:il0E$Z,ERSONAL PROTECTION'•
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Page 3 of 8
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8.1 ENGINEERING CONTROLS
Provide local exhaust ventilation at transfer points. If exhaust ventilation is not available, use appropriate respiratory protection. Use
with appropriate local exhaust ventilation. Provide appropriate local exhaust ventilation on open containers.

8.2 PERSONAL PROTECTIVE EQUIPMENT (PPE)
8.2.1 Eye/F'ace Protection
A void eye contact.
The following eye protection(s) are recommended: Full Face Shield, Indirect Vented Goggles.
8.2.2 Skin Protection
Avoid skin contact with hot material. Wear appropriate gloves, such as Nomex, when handling this material to prevent thermal bums.
Select and use gloves and/or protective clothing to prevent skin contact based on the results of an exposure assessment. Consult with
your glove and/or protective clothing manufacturer for selection of appropriate compatible materials.
Gloves made from the following material(s) are recommended: Butyl Rubber, Polyethylene/Ethylene Vinyl Alcohol.

8.2.3 Respiratory Protection
Avoid breathing of vapors, mists or spray.
Select one of the following NIOSH approved respirators based on airborne concentration of contaminants and in accordance with
OSHA regulations: Fullface supplied-air respirator. Consult the current 3M Respiratory Selection Guide for additional information or
call 1-800-243-4630 for 3M technical assistance. Use supplied air respiratory protection if exposure exceeds the occupational
exposure limit.
8.2.4 Prevention of Swallowing
Do not eat, drink or smoke when using this product. Wash exposed areas thoroughly with soap and water.

8.3 EXPOSURE GUIDELINES
Ingredient
METHYL PERFLUOROPROPYL ETHER

Authority
3M

~

Limit

TWA

75 ppm

Additional Information

SOURCE OF EXPOSURE LIMIT DATA:
ACGIH: American Conference of Governmental Industrial Hygienists
CMRG: Chemical Manufacturer Recommended Guideline
OSHA: Occupational Safety and Health Administration
AHIA: American Industrial Hygiene Association Workplace Environmental Exposure Level (WEEL)

Specific Physical Form:
Odor, Collor, Grade:
General Physical Form:
Autoignitiion temperature
Flash Point
Flammable Limits - LEL
Flammable Limits - UEL
Boiling point

Liquid
colorless with slight ether odor.
Liquid
415 °C
Not Applicable
Not Applicable
Not Applicable
34 °C

Vapor Density

0.51 lb/ft3 [Details: @ 25C]
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Vapor Pressure

403 mmHg [Details: CONDITIONS: @20C]

Specific Gravity
pH
Melting point

1.41 [Re/Std: WATER=l]
Not Applicable
-122.5 °C

Evaporation rate
Hazardous Air Pollutants
Volatile Organic Compounds
Percent volatile
VOC Les5: H20 & Exempt Solvents
Vis<:osity

No Data Available
Not Applicable
No Data Available
100%
Not Applicable
0.47 centipoise

Stability: Stable.
Materials and Conditions to Avoid: Strong acids; Strong bases; Strong oxidizing agents
Hazardous Polymerization: Hazardous polymerization will not occur.

Hazardous Decomposition or By-Products
Substance

Condition

Carbonyl Fluoride
Carbon monoxide
Carbon dioxide
Hydrogen Fluoride
Toxic Vapor, Gas, Particulate

At Elevated Temperatures
At Elevated Temperatures
At Elevated Temperatures
At Elevated Temperatures
At Elevated Temperatures

Please contact the address listed on the first page of the MSDS for Toxicological Information on this material and/or its
com onents.

ECOTOXICOLOGICAL INFORMATION
Not Determined

CHEMICAL FATE INFORMATION
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Page 5 of 8
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Not Determiined

ISECTION 13: DISPOSAL CONSIDERAftONS
Waste Disposal Method: Reclaim if feasible. Incinerate in an industrial or commercial facility in the presence of a combustible
material. Combustion products will include HF. Facility must be capable of handling halogenated materials.

EPA Hazardous Waste Number (RCRA): Not regulated

ISince regulations vary, consult applicable regulations or authorities before disposal.

I
ID Number(s):
98-0212-2969-9, 98-0212-2970-7, 98-0212-2971-5, 98-0212-3079-6

Please contact the emergency numbers listed on the first page of the MSDS for Transportation Information for this
material.

I
US FEDERAL REGULATIONS
Contact 3M for more information.

311/312 Hazard Categories:
Fire Hazard - No Pressure Hazard - No

Reactivity Hazard - No

Immediate Hazard - Yes

Delayed Hazard - Yes

STATE REGULATIONS
Contact 3M for more information.

CHEMICAL INVENTORIES
The components of this product are in compliance with the chemical notification requirements ofTSCA.
This material is not on EINECS and should be used in Europe only for research purposes in order to establish its properties.
Contact 3M for more information.
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INTERNATIONAL REGULATIONS
Contact 3M for more information.

This MSDS has been prepared to meet the U.S. OSHA Hazard Communication Standard, 29 CFR 1910.1200.

I
NFPA Hazard Classification
Health: 3 Flammability: 0

Reactivity: 0

Special Hazards: None

National Fire Protection Association (NFPA) hazard ratings are designed for use by emergency response personnel to address the hazards that are
presented by short-term, acute exposure to a material under conditions of fire, spill, or similar emergencies. Hazard ratings are primarily based on the
inherent physical and toxic properties of the material but also include the toxic properties of combustion or decomposition products that are known to
be generated in significant quantities.

HMIS Haza1rd Classification
Health: 1 Flammability: 0 Reactivity: 0 Protection: X - See PPE section.
Hazardous Material Identification System (HMIS(r)) hazard ratings are designed to inform employees of chemical hazards in the workplace. These
ratings are based on the inherent properties of the material under expected conditions of normal use and are not intended for use in emergency
situations. HMIS(r) ratings are to be used with a fully implemented HMIS(r) program. HMIS(r) is a registered mark of the National Paint and
Coatings Association (NPCA).

Revision Changes:
Copyright was modified.
Section 16: HMIS explanation was modified.
Section 16: :NFPA explanation was modified.

DISCLAIMER: The information in this Material Safety Data Sheet (MSDS) is believed to be correct as of the date issued. 3M
MAKES NOWARRANTIES, EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY
OF MERCHANTABILITY ORFITNESS FOR A PARTICULAR PURPOSE OR COURSE OF PERFORMANCE OR USAGE OF
TRADE. User is responsible for determining whether the 3M product is fit for a particular purpose and suitable for user's method of
use or application. Given the va1iety of factors that can affect the use and application of a 3M product, some of which are uniquely
within the user's knowledge and control, it is essential that the user evaluate the 3M product to determine whether it is fit for a
particular purpose and suitable for user's method of use or application.
3M provides information in electronic form as a service to its customers. Due to the remote possibility that electronic transfer may
have resulted in errors, omissions or alterations in this information, 3M makes no representations as to its completeness or accuracy.
In addition, information obtained from a database may not be as current as the information in the MSDS available directly from 3M.
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3M MSDSs are available at www.3M.com

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Page 8 of 8

MATERIAL SAFETY DATA SHEET
SECTION 1

CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

MATHESON TRI-GAS, INC.

EMERGENCY CONTACT:

959 ROUTE 46 EAST

CHEMTREC 1-800-424;.9300

PARSIPPANY, NEW JERSEY 07054-0624

INFORMATION CONTACT:
973-257-1100

SUBSTANCE:ACETONE
TRADE NAMES/SYNONYMS:
MTG MSDS 105; DIMETHYLFORMALDEHYDE; DIMETHYLKETAL; DIMETHYL KETONE;
BETA--KETOPROPANE; PROPANONE; 2-PROPANONE; PYROACETIC ETHER; BKETOPROPANE; RCRA U002; STCC 4908105; UN 1090; A-949; A-40; A-20; A-19; A-946; A-18;
A-18-S; A-18-SK; A-11; A-11-S; A-16-P; A-16-S; C3H6O; MAT00140; RTECS AL3150000
CHElVll CAL FAMILY: ketones, aliphatic
CREATION DATE: Jan 241989
REVISION DATE: Jun 17 2002

SECTION 2

COMPOSITION, INFORMATION ON INGREDIENTS

COMPONENT: ACETONE
CAS NUMBER: 67-64-1
PERCENTAGE: 100

SECTION 3

HAZARDS IDENTIFICATION

NFPA RATINGS (SCALE 0-4): HEALTH=2 FIRE=3 REACTIVITY=0
EMERGENCY OVERVIEW:
COLOR: colorless
PHYSICAL FORM: liquid
ODOR: sweet odor, minty odor, pungent odor, pleasant odor
MAJOR HEALTH HAZARDS: respiratory tract irritation, skin irritation, eye irritation, central
nervous system depression
PHYSICAL HAZARDS: Flammable liquid and vapor. Vapor may cause flash fire.
POTENTIAL HEALTH EFFECTS:
INHALATION:
SHORT TERM EXPOSURE: irritation, low body temperature, nausea, stomach pain, difficulty
breathing, headache, drowsiness, symptoms of drunkenness, kidney damage, liver damage, coma

LONG TERM EXPOSURE: same as effects reported in short term exposure
SKIN CONTACT:
SHORT TERM EXPOSURE: irritation
LONG TERM EXPOSURE: tingling sensation
EYE CONTACT:
SHORT TERM EXPOSURE: irritation
LONG TERM EXPOSURE: same as effects reported in short term exposure
INGESTION:
SHORT TERM EXPOSURE: nausea, diarrhea, symptoms of drunkenness, kidney damage, liver
damage, coma
LONG TERM EXPOSURE: no information on significant adverse effects

SECTION 4

FIRST AID MEASURES

INHAJLA TION: It is unlikely that emergency treatment will be required.
SKIN CONTACT: Wash skin with soap and water for at least 15 minutes while removing
contaminated clothing and shoes. Get medical attention, if needed. Thoroughly clean and dry
contaminated clothing and shoes before reuse.
EYE CONTACT: Flush eyes with plenty of water for at least 15 minutes. Then get immediate medical
attention.
INGESTION: Contact local poison control center or physician immediately. Never make an
unconscious person vomit or drink fluids. When vomiting occurs, keep head lower than hips to help
prevent aspiration. If person is unconscious, tum head to side. Get medical attention immediately.
NOTE TO PHYSICIAN: For ingestion, consider gastric lavage and activated charcoal slurry.

SECTION 5

FIRE FIGHTING MEASURES

FIRE AND EXPLOSION HAZARDS: Severe fire hazard. The vapor is heavier than air. Vapors or
gases may ignite at distant ignition sources and flash back. Vapor/air mixtures are explosive.
EXTINGUISHING MEDIA: alcohol resistant foam, carbon dioxide, regular dry chemical, water,
alcohol resistant foam
Large fires: Use alcohol-resistant foam or flood with fine water spray.

FIRE FIGHTING: Move container from fire area if it can be done without risk. Cool containers with
water spray until well after the fire is out. Stay away from the ends of tanks. For fires in cargo or storage
area: Cool containers with water from unmanned hose holder or monitor nozzles until well after fire is
out. If this is impossible then take the following precautions: Keep unnecessary people away, isolate
hazard area and deny entry. Let the fire bum. Withdraw immediately in case of rising sound from
venting safety device or any discoloration of tanks due to fire. For tank, rail car or tank truck:
Evacuation radius: 800 meters (1/2 mile). Water may be ineffective.

FLASH POINT: -4 F (-20 Cf{CC)
LOWER FLAMMABLE LIMIT: 2.5%
UPPER FLAMMABLE LIMIT: 13%
AUTOIGNITION: 869 F (465 C)
FLAMMABILITY CLASS (OSHA): IB

SECTION 6

ACCIDENTAL RELEASE MEASURES

OCCUPATIONAL RELEASE:
A void heat, flames, sparks and other sources of ignition. Remove sources of ignition. Stop leak if
possible without personal risk. Reduce vapors with water spray. Small spills: Absorb with sand or other
non-combustible material. Collect spilled material in appropriate container for disposal. Large spills:
Dike for later disposal. Keep unnecessary people away, isolate hazard area and deny entry. Stay upwind
and keep out of low areas. Notify Local Emergency Planning Committee and State Emergency
Response Commission for release greater than or equal to RQ (U.S. SARA Section 304). If release
occurs in the U.S. and is reportable under CERCLA Section 103, notify the National Response Center at
(800)424-8802 (USA) or (202)426-2675 (USA).

SECTION 7

HANDLING AND STORAGE

STORAGE: Store and handle in accordance with all current regulations and standards. Subject to
storage regulations: U.S. OSHA 29 CFR 1910.106. Grounding and bonding required. Keep separated
from incompatible substances.

SECTION 8

EXPOSURE CONTROLS, PERSONAL PROTECTION

EXPOSURE LIMITS:
ACETONE:
1000 ppm (2400 mg/m3) OSHA TWA
750 ppm (1780 mg/m3) OSHA TWA (vacated by 58 FR 35338, June 30, 1993)
1000 ppm (2375 mg/m3) OSHA STEL (vacated by 58 FR 35338, June 30, 1993)
500 ppm ACGIH TWA
750 ppm ACGIH STEL
250 ppm (590 mg/m3) NIOSH recommended TWA 10 hour(s)
VENTILATION: Ventilation equipment should be explosion-resistant if explosive concentrations of
material are present. Ensure compliance with applicable exposure limits.
EYE PROTECTION: Wear splash resistant safety goggles. Provide an emergency eye wash fountain
and quick drench shower in the immediate work area.
CLOTHING: Wear appropriate chemical resistant clothing.
GLOVES: Wear appropriate chemical resistant gloves.
RESPIRATOR: The following respirators and maximum use concentrations are drawn from NIOSH

and/or OSHA.
2500 ppm
Any chemical cartridge respirator with organic vapor cartridge(s).
Any powered, air-purifying respirator with organic vapor cartridge(s).
Any air-purifying respirator with a full facepiece and an organic vapor canister.
Any supplied-air respirator.
Any self-contained breathing apparatus with a full facepiece.
Escape Any air-purifying respirator with a full facepiece and an organic vapor canister.
Any appropriate escape-type, self-contained breathing apparatus.
For Unknown Concentrations or Immediately Dangerous to Life or Health Any supplied-air respirator with full facepiece and operated in a pressure-demand or other positivepressure mode in combination with a separate escape supply.
Any self-contained breathing apparatus with a full facepiece.

SECTION 9

PHYSICAL AND CHEMICAL PROPERTIES

PHYSICAL STATE: liquid
APPEARANCE: clear
COLOR: colorless
ODOR: sweet odor, minty odor, pungent odor, pleasant odor
TASTE: sweet taste
MOLECULAR WEIGHT: 58.08
MOLECULAR FORMULA: C-H3-C-O-C-H3
BOILING POINT: 133 F (56 C)
FREEZING POINT: -139 F (-95 C)
VAPOR PRESSURE: 180 mmHg @ 20 C
VAPOR DENSITY (air=l): 2.0
SPECIFIC GRAVITY (water=l): 0.7899
\VATER SOLUBILITY: soluble
PH: neutral in solution
VOLATILITY: 100%
ODOR THRESHOLD: 20 ppm
EVA.PORA TION RA TE: 14.4 (butyl acetate=!)
COEFlfi'ICIENT OF WATER/OIL DISTRIBUTION: Not available
SOLVENT SOLUBILITY:
Soluble: ethanol, ether, chloroform, benzene, oils, dimethylformamide

SECTION 10

STABILITY AND REACTIVITY

REACTIVITY: Stable at normal temperatures and pressure.
CONDITIONS TO AVOID: A void heat, flames, sparks and other sources of ignition. Containers may
rupture or explode if exposed to heat.
INCO1';IPATIBILITIES: acids, amines, halogens, halo carbons, oxidizing materials, metal salts,.
peroxides, combustible materials, bases

HAZARDOUS DECOMPOSITION:
Thermal decomposition products: oxides of carbon
POLYMERIZATION: Will not polymerize.

SECTION 11

TOXICOLOGICAL INFORMATION

ACETONE:
IRRITATION DATA:
500 ppm eyes-human; 395 mg open skin-rabbit mild; 500 mg/24 hour(s) skin-rabbit mild; 20 mg eyesrabbit severe; 20 mg/24 hour(s) eyes-rabbit moderate
TOXICITY DATA:
5()100 mg/m3/8 hour(s) inhalation-rat LC50; >9400 ul/kg skin-guinea pig LD50; 5800 mg/kg oral-rat
LD50
CARCINOGEN STATUS: ACGIH: A4 -Not Classifiable as a Human Carcinogen
LOCAL EFFECTS:
Irritant: inhalation, skin, eye
ACUTE TOXICITY LEVEL:
Slightly Toxic: inhalation, ingestion
TARGET ORGANS: central nervous system
MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: respiratory disorders, skin disorders
and allergies
MUTAGENIC DA TA: Available.
REPRODUCTIVE EFFECTS DATA: Available.
ADDITIONAL DATA: Alcohol may enhance the toxic effects.

SECTION I 2

ECOLOGICAL INFORMATION

ECOTOXICITY DATA:
FISH TOXICITY: 4 ug/L 96 hour(s) LC50 (Mortality) Harlequinfish, red rasbora (Rasbora
heteromorpha)
INVERTEBRATE TOXICITY: 35 ug/L 48 hour(s) EC50 (Immobilization) Water flea (Daphnia
pulex)
ALGAL TOXICITY:
OTHER TOXICITY: 0.21 ug/L 96 week(s) LC50 (Mortality) Frog (Rana hexadactyla)
FATE AND TRANSPORT:
BIOCONCENTRA TION: 100000 ug/L 32 hour(s) BCF (Residue) Fathead minnow (Pimephales
promelas) 4.3 ug/L
ENVIRONMENTAL SUMMARY: Highly toxic to aquatic life.

SECTION 13

DISPOSAL CONSIDERATIONS

Subject to disposal regulations: U.S. EPA 40 CFR 262. Hazardous Waste Number(s): U002. Dispose in
accordance with all applicable regulations.

SECTION 14

TRANSPORT INFORMATION
,'•

U.S. DOT 49 CFR 172.101:
PROPER SHIPPING NAME: Acetone
ID NUMBER: UN 1090
HAZARD CLASS OR DIVISION: 3
PACKING GROUP: II
LABELING REQUIREMENTS: 3

•

·.,

.

.
,'

.....

CANADIAN TRANSPORTATION OF DANGEROUS GOODS: No classification assigned.

SECTION 15

REGULATORY INFORMATION

U.S. REGULATIONS:
CERCLA SECTIONS 102a/103 HAZARDOUS SUBSTANCES (40 CFR 302.4):
ACETONE: 5000 LBS RQ
SARA TITLE III SECTION 302 EXTREMELY HAZARDOUS SUBSTANCES (40 CFR 355.30):
Not regulated.
SARA TITLE III SECTION 304 EXTREMELY HAZARDOUS SUBSTANCES (40 CFR 3.55.40):
Not regulated.
SARA TITLE III SARA SECTIONS 311/312 HAZARDOUS CATEGORIES (40 CFR 370.21):
ACUTE: Yes
CHRONIC: No
FIRE: Yes
REACTIVE:·No
SUDDEN RELEASE: No
SARA TITLE III SECTION 313 (40 CFR 372.65): Not regulated.
OSHA PROCESS SAFETY (29CFR1910.119): Not regulated.
STATE REGULATIONS:
California Proposition 65: Not regulated.
CANADIAN REGULATIONS:
WHMIS CLASSIFICATION: BD2
NATIONAL INVENTORY STATUS:
U.S. INVENTORY (TSCA): Listed on inventory.

TSCA 12(b) EXPORT NOTIFICATION:
ACETONE
CAS NUMBER: 67-64-1
SECTION 4
CANADA INVENTORY (DSL): Not determined.
CANADA INVENTORY (NDSL): Not determined.

SECT][ON 16

OTHER INFORMATION

MSDS SUMMARY OF CHANGES
SECTION 14 TRANSPORT INFORMATION
©Copyright 1984-2002 MDL Information Systems, Inc. All rights reserved.

MATHESON TRI-GAS, INC. MAKES NO EXPRESS OR IMPLIED WARRANTIES,
GUARANTEES OR REPRESENTATIONS REGARDING THE PRODUCT OR THE
INFORMATION HEREIN, INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS FOR USE. MATHESON TRI-GAS,
INC. SHALL NOT BE LIABLE FOR ANY PERSONAL INJURY, PROPERTY OR OTHER
DAMAGES OF ANY NATURE, WHETHER COMPENSATORY, CONSEQUENTIAL,
EXEMPLARY, OR OTHERWISE, RESULTING FROM ANY PUBLICATION, USE OR
RELIANCE UPON THE INFORMATION HEREIN.

MATERIAL SAFETY DATA SHEET
SECTION l

CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

IVIATHESON TRl-GAS, lNC.

EMERGENCY CONTA CT:

959 ROUTE 46 EAST

CHEMTREC 1-800-424-9300

PARSIPPANY, NEW JERSEY 07054-0624

lNFORMATION CONTACT:
973-257-1100

SUBSTANCE: ETHYL ALCOHOL, 100%
TRADE NAMES/SYNONYMS:
MTG MSDS 115; ETHANOL; ETHYL ALCOHOL; /4; ALCOHOL; ALCOHOL ANHYDROUS;
ALGRAIN; ANHYDROL; ETHYL HYDRATE; ETHYL HYDROXIDE; JA YSOL; TECSOL; STCC
4909159; UN 1170; C2H6O; MAT08700; RTECS KQ6300000
CHEMICAL FAMILY: hydroxyls, aliphatic, alcohols, aliphatic
CREATION DATE: Jan 24 1989
REVISION DATE: Jun 17 2002

SECTION 2

COMPOSITION, INFORMATION ON INGREDIENTS

COMPONENT: ETHYL ALCOHOL, 100%
CAS NUMBER: 64-17-5
PERCENTAGE: 100.0

SECTION 3

HAZARDS IDENTIFICATION

NFPA RATINGS (SCALE 0-4): HEALTH=2 FIRE=3 REACTIVITY=0
EMERGENCY OVERVIEW:
COLOR: colorless
PHYSICAL FORM: volatile liquid
ODOR: pleasant odor
MAJOR HEALTH HAZARDS: respiratory tract irritation, skin irritation, eye irritation, liver damage,
central nervous system depression
PHYSICAL HAZARDS: Flammable liquid and vapor. Vapor may cause flash fire.
POTENTIAL HEALTH EFFECTS:
INHALATION:
SHORT TERM EXPOSURE: irritation, difficulty breathing, headache, drowsiness, symptoms of
drunkenness
LONG TERM EXPOSURE: nausea

SKIN CONTACT:
SHORT TERM EXPOSURE: irritation, rash
LONG TERM EXPOSURE: same as effects reported in short term exposure
EYE CONTACT:
SHORT TERM EXPOSURE: irritation, tearing
LONG TERM EXPOSURE: no information on significant adverse effects
INGESTION:
SHORT TERM EXPOSURE: rash, low body temperature, vomiting, digestive disorders, irregular
heartbeat, headache, drowsiness, symptoms of drunkenness, disorientation, dilated pupils, lung
congestion, liver damage, convulsions, coma
LONG TERM EXPOSURE: diarrhea

SECTION 4

FIRST AID MEASURES

INHALATION: If adverse effects occur, remove to uncontaminated area. Give artificial respiration if
not breathing. Get immediate medical attention.
SKIN CONTACT: Wash skin with soap and water for at least 15 minutes while removing
contaminated clothing and shoes. Get medical attention, if needed. Thoroughly clean and dry
contaminated clothing and shoes before reuse.
EYE CONTA CT: Flush eyes with plenty of water for at least 15 minutes. Then get immediate medical
attention.
INGESTION: Contact local poison control center or physician immediately. Never make an
unconscious person vomit or drink fluids. When vomiting occurs, keep head lower than hips to help
prevent aspiration. If person is unconscious, tum head to side. Get medical attention immediately.
NOTE TO PHYSICIAN: For ingestion, consider gastric lavage.

SECTJON 5

FIRE FIGHTING MEASURES

FIRE AND EXPLOSION HAZARDS: Severe fire hazard. The vapor is heavier than air. Vapors or
gases may ignite at distant ignition sources and flash back. Vapor/air mixtures are explosive.
EXTINGUISHING MEDIA: alcohol resistant foam, carbon dioxide, regular dry chemical, water,
alcohol resistant foam
Large fires: Use alcohol-resistant foam or flood with fine water spray.

FIRE F'IGHTING: Move container from fire area if it can be done without risk. Cool containers with
water spray until well after the fire is out. Stay away from the ends of tanks. For fires in cargo or storage
area: Cool containers with water from unmanned hose holder or monitor nozzles until well after fire is
out. If this is impossible then take the following precautions: Keep unnecessary people away, isolate
hazard area and deny entry. Let the fire bum. Withdraw immediately in case of rising sound from
venting safety device or any discoloration of tanks due to fire. For tank, rail car or tank truck:
Evacuation radius: 800 meters (1/2 mile). Water may be ineffective.

FLASH POINT: 55 F (13 C) (CC)
LOWER FLAMMABLE LIMIT: 3.3%
UPPER FLAMMABLE LIMIT: 19%
AUTOIGNITION: 685 F (363 C)
FLAMMABILITY CLASS (OSHA): IB

SECTION 6

ACCIDENTAL RELEASE MEASURES

OCCUPATIONAL RELEASE:
Avoid heat, flames, sparks and other sources of ignition. Remove sources of ignition. Stop leak if
possible without personal risk. Reduce vapors with water spray. Small spills: Absorb with sand or other
non-combustible material. Collect spilled material in appropriate container for disposal. Large spills:
Dike for later disposal. Keep unnecessary people away, isolate hazard area and deny entry. Stay upwind
and keep out of low areas.

SECTJON 7

HANDLING AND STORAGE

STORAGE: Store and handle in accordance with all current regulations and standards. Subject to
storage regulations: U.S. OSHA 29 CFR 1910.106. Grounding and bonding required. Keep separated
from incompatible substances.

SECTION 8

EXPOSURE CONTROLS. PERSONAL PROTECTION

EXPOSURE LIMITS:
ETHYL ALCOHOL, 100%:
ETHYL ALCOHOL (ETHANOL):
1000 ppm ( 1900 mg/m3) OSHA TWA
1000 ppm ACGIH TWA
1000 ppm (1900 mg/m3) NIOSH recommended TWA 10 hour(s)
VENTILATION: Ventilation equipment should be explosion-resistant if explosive concentrations of
material are present. Ensure compliance with applicable exposure limits.
EYE PJROTECTION: Wear splash resistant safety goggles. Provide an emergency eye wash fountain
and quick drench shower in the immediate work area.
CLOTHING: Wear appropriate chemical resistant clothing.
GLOVES: Wear appropriate chemical resistant gloves.
RESPIRATOR: Under conditions of frequent use or heavy exposure, respiratory protection may be
needed. Respiratory protection is ranked in order from minimum to maximum. Consider warning
properties before use.
Any chemical cartridge respirator with organic vapor cartridge(s).
Any cht::mical cartridge respirator with a full facepiece and organic vapor cartridge(s).

Any air-purifying respirator wilh a full facepiece and an organic vapor c~,nister.
For Unknown Concentrations or Immediately Dangerous to Life or Health Any supplied-air respirator with full facepiece and operated in a pressure-demand or other positivepressure mode in combination with a separate escape supply.
Any self-contained breathing apparatus with a full facepiece.

SECTION 9

PHYSICAL AND CHEMICAL PROPERTIES

PHYSICAL STATE: liquid
APPEARANCE: clear
COLOR: colorless
PHYSICAL FORM: volatile liquid
ODOR: pleasant odor
TASTE: burning taste
MOLECULAR WEIGHT: 46.07
MOLECULAR FORMULA: C-H3-C-H2-O-H
BOILING POINT: 172 F (78 C)
FREEZING POINT: --179 F (-117 C)
VAPOR PRESSURE: 40 mmHg @ 19 C
VAPOR DENSITY (air=l): 1.59
SPECIFIC GRAVITY (water=l): 0.7893
WATER SOLUBILITY: soluble
PH: Not available
VOLATILITY: 100%
ODOR THRESHOLD: 5-10 ppm
EVAPORATION RATE: 1.4 (carbon tetrachloride=l)
VISCOSITY: 1.22 cP @ 20 C
COEFFICIENT OF WATER/OIL DISTRIBUTION: Not available
SOLVENT SOLUBILITY:
Soluble: benzene, ether, acetone, chloroform, methanol, organic solvents

SECTION 10

STABILITY AND REACTIVITY

REACTIVITY: Stable at normal temperatures and pressure.
CONDITIONS TO A VOID: A void heat, flames, sparks and other sources of ignition. Containers may
rupture or explode if exposed to heat.
INC01\1PATIBILITIES: halo carbons, metals, metal salts, oxidizing materials, halogens, peroxides,
acids, metal oxides, bases, combustible materials
HAZARDOUS DECOMPOSITION:
Thermal decomposition products: oxides of carbon
POLYMERIZATION: Will not polymerize.

SECTION 11

TOXICOLOGICAL INFORMATION

ETHYL ALCOHOL, 100%:
IRRITATION DATA:
400 mg open skin-rabbit mild; 20 mg/24 hour(s) skin-rabbit moderate; 500 mg eyes-rabbit severe; 500
mg/24 hour(s) eyes--rabbit mild; 100 mg/4 second(s) rinsed eyes-rabbit moderate
TOXICITY DA TA:
20000 ppm/10 hour(s) inhalation-rat LC50; 7060 mg/kg oral-rat LD50
CARCINOGEN STATUS: NTP: Known Human Carcinogen (Alcoholic beverages); IARC: Human
Sufficient Evidence, Group 1 (Alcoholic beverages), Animal Inadequate Evidence; ACGIH: A4 --Not
Classifiable as a Human Carcinogen
LOCAL EFFECTS:
Irritant: inhalation, skin, eye
ACUTE TOXICITY LEVEL:
Slightly Toxic: inhalation, ingestion
TARGET ORGANS: central nervous system, liver
MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: central nervous system disorders,
kidney disorders, liver disorders
TUMORIGENIC DATA: Available.
MUTAGENIC DATA: Available.
REPRODUCTIVE EFFECTS DA TA: Available.
ADDITIONAL DATA: May cross the placenta. May be excreted in breast milk.

SECTION 12

ECOLOGICAL INFORMATION

ECOTOXICITY DATA:
FISH TOXICITY: 93 ug/L 96 hour(s) LC50 (Mortality) Bluegill (Lepomis macrochirus)
INVERTEBRATE TOXICITY: 24 ug/L 48 hour(s) EC50 (Immobilization) Water flea (Daphnia
pulex)
ALGAL TOXICITY: 10000-25000 ug/L 1-2 hour(s) (Photosynthesis) Green algae (Acrosiphonia
sonderi)
OTHER TOXICITY: 0.89-187.40 ug/L 3 hour(s) (Hatchability) Moorfrog (Rana arvalis)
FATE AND TRANSPORT:
BIOCONCENTRA TION: 2230 ug/L 72 hour(s) BCF (Residue) Mayfly (Ephemera danica) 0.761 ug/L
ENVIRONMENTAL SUMMARY: Highly toxic to aquatic life.

SECTION 13

DISPOSAL CONSIDERATIONS

Subject to disposal regulations: U.S. EPA 40 CFR 262. Hazardous Waste Number(s): DOOL Dispose in
accordance with all applicable regulations.

SECTION 14

TRANSPORT INFORMATION

U.S. DOT 49 CFR 172.101:
PROPER SHIPPING NAME: Ethanol or Ethyl alcohol or Ethanol solutions or Ethyl
alcohol solutions
II> NUMBER: UN1170
HAZARD CLASS OR DIVISION: 3
PACKING GROUP: II
LABELING REQUIREMENTS: 3

.-.
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-._.
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.

_..-

_

CANADIAN TRANSPORTATION OF DANGEROUS GOODS: No classification assigned.

SECTION 15

REGULATORY INFORMATION

U.S. REGULATIONS:
CERCLA SECTIONS 102a/103 HAZARDOUS SUBSTANCES (40 CFR 302.4): Not regulated.
SARA TITLE III SECTION 302 EXTREMELY HAZARDOUS SUBSTANCES (40 CFR 3.55.30):
Not regulated.
SARA TITLE III SECTION 304 EXTREMELY HAZARDOUS SUBSTANCES (40 CFR 355.40):
Not regulated.
SARA TITLE III SARA SECTIONS 311/312 HAZARDOUS CATEGORIES (40 CFR 370.21):
ACUTE: Yes
CHRONIC: Yes
FIRE: Yes
REACTIVE: No
SUDDEN RELEASE: No
SARA TITLE III SECTION 313 (40 CFR 372.65): Not regulated.
OSHA PROCESS SAFETY (29CFR1910.119): Not regulated.
STATE REGULATIONS:
California Proposition 65: Not regulated.
CANADIAN REGULATIONS:
WHMIS CLASSIFICATION: BD2
NATIONAL INVENTORY STATUS:
U.S. INVENTORY (TSCA): Listed on inventory.
TSCA 12(b) EXPORT NOTIFICATION: Not listed.
CANADA INVENTORY (DSL): Not determined.
CANADA INVENTORY (NDSL): Not determined.

SECTION 16

OTHER INFORMATION

MSDS SUMMARY OF CHANGES
SECTION 14 TRANSPORT INFORMATION

©Copyright 1984-2002 MDL Information Systems, Inc. All rights reserved.
MATHESON TRI-GAS, INC. MAKES NO EXPRESS OR IMPLIED WARRANTIES,
GUARANTEES OR REPRESENTATIONS REGARDING THE PRODUCT OR THE
INFORMATION HEREIN, INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS FOR USE. MATHESON TRI-GAS,
INC. SHALL NOT BE LIABLE FOR ANY PERSONAL INJURY, PROPERTY OR OTHER
DAMAGES OF ANY NATURE, WHETHER COMPENSATORY, CONSEQUENTIAL,
EXEMPLARY, OR OTHERWISE, RESULTING FROM ANY PUBLICATION, USE OR
RELIANCE UPON THE INFORMATION HEREIN.

MATERIAL SAFETY DATA SHEE'f

I

PRODUCT IDENTIFICATION

Trade Name:
Chemical Nature:
CAS#:

II

Lead
Metallic Element
7439-92-1

Synonym:
Formula:
Formula Weight:

Lead Metal
Pb
207.20

Melting Point:
Vapor Pressure:
Solubility in Hp:

327.5 °C
NIA
Insoluble

HAZARDOUS INGREDIENTS

TLV (Units): Lead 7439-92-1 .15 mg/m 3 TL V.05 mg/m 3 OSHA PEL

III

PHYSICAL DA TA

Boiling Point 760 mm Hg:
Density:
% Volatiles lby Weight:
Appearance and Odor:

IV

1744 °C
11.3437
NI A
Soft Silvery metal, grey powder, no odor

FIRE AND EXPLOSION HAZARDS DATA

Flash Point (Method used): NA
Flammability: Slight as powder

Autoignition Temperature: NI A

Extinguishing Media: Agents for metal fires such as dry graphite, MET-L-X, or TEC.
Special Fire Fighting Procedures: Wear full protective gear including SCBA unit when fighting fires evolving hazardous chemicals.
Unusual Fire & Explosion Hazard: Contamination.

V

HEALTH HAZARD INFORMATION

Threshold Liimit Value: .15 mg/m 3 TLV .05 mg/m3
Effects of Over Exposure:
Inhalation: Lead has no immediate effects on the lungs. It is a cumulative poison requiring repeated exposure to induce effects.
Effects: Skin contact may cause irritation. May be an eye irritant. May be absorbed by the skin. Repeated inhalation or ingestion of
this compound could cause nausea, vomiting, diarrhea, metallic taste, abdominal pain and tenderness, loss of appetite, headache,
irritability and muscle pain. Continued overexposure may lead to permanent neurological injury.
Carcinogenicity: IARC has listed this material in Group 2B as possible carcinogenic to humans.
Reproductive Effects: None identified
Target Orga111s: GI tract, central nervous system, kidneys, blood, gingival tissue.
Medical Conditions Generally Aggravated by Exposure: Kidney disorders, liver disorders, central nervous system disorders.
Primary Routes of Entry: Ingestion, inhalation, eye contact, skin contact.

EMERGENCY AND FIRST AID PRO{_,"EDURES:
EYES: Flush with copious amounts of water for 15 minutes, seek medical attention.
SKIN: Remove any contaminated clothing, brush material off of skin, flush with running water, wash carefully with soap and water.
INHALATION: Remove to fresh air. Observe for signs of lead poisoning.
INGESTION: Give victim plenty of fluids, then induce vomiting. Seek immediate medical attention.

VI

REACTIVITY DATA

Stability: Stable
Incompatibility (Material to A void): NH4 N0 3, ClF3, Hp 2 , NaN3 , Na 2C2 , Zr, oxidants.
Hazardous Decomposition Products: Pb fumes
Hazardous Polymerization: Will not occur

VII

SPILL OR LEAK PROCEDURES

Steps to be Taken in Case Material is Released or Spilled: Wear appropriate protective gear. Avoid raising dust by using dust
suppressor or vacuuming spill with vacuum equipped with HEPA filter. A void dry sweeping.
Waste Disposal Method: In accordance with Local, State and Federal Waste Disposal Regulations.
EPA Hazardous Waste Number: D008 (EP Toxic Waste).

VIII

SPECIAL PROTECTION INFORMATION

Respiratory Protection (Specify Type): Filter - Dust, Fume, Mist
Ventilation: Local Exhaust: To control dust and maintain exposure below TL V.Mechanical: Not recommended
Protective Gloves: NeopreneEye Protection: Safety Glasses
Other Protective Equipment: Prevent skin or clothing contamination.

IX

SPECIAL PRECAUTIONS

Other Handling and Storage Conditions: Wash thoroughly after handling and before eating, drinking or smoking. Keep container
closed. Store in tightly closed containers. Store in cool dry location.

Prepared by:
Dated:

S. Dierks
January 1996
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EXECUTIVE SUMMARY

The Waste Isolation Pilot Plant (WIPP) is designed to permanently dispose of
transuranic radioactive waste left from the research and production of nuclear weapons.
Transuranic waste consists of clothing, tools, rags, and other such items contaminated
with trace amounts of radioactive elements, mostly plutonium. Located in southeastern
New Mexico, 26 miles east of Carlsbad, project facilities include disposal rooms
excavated in an ancient, stable salt formation 2,150 feet (655 meters) underground.
This deep geologic setting requires that a comprehensive ground control program be in
place to monitor and assure the stability of the underground openings and address
issues of concern.
ThE! primary objective of the WIPP ground control program is to provide a safe
environment for personnel and equipment in a manner that is consistent with the
primary facility operational objective of waste disposal. In meeting this primary
objective, the regulatory requirements specific to ground control are also satisfied. The
ground control program is a concerted and centralized activity responsible for providing
a continuing assessment of the capabilities of the underground openings to achieve that
objective. The fundamentals on which the ground control program at WIPP is based
are as follows:
•
•
•
•
•

Safe access is maintained as long as access is required.
Regular ground-control maintenance is required to maintain safe access.
Ground control maintenance efforts increase with the age of the openings.
Ground control plans are specific but flexible.
Regulatory requirements are met.

The extensive geotechnical monitoring program provides a high degree of confidence in
the ability to predict and mitigate ground control issues before they become safety
problems. The evaluation of ground conditions is a continuous process. The
Westinghouse TRU Solutions (WTS) Geotechnical Engineering Section gathers and
evaluates data from various sources on a periodic basis. This information is formally
presented in a variety of ways, primarily bimonthly and annual reports.
Comprehensive evaluations of the ground conditions and support systems throughout
the facility are performed at least annually. When circumstances warrant, selected
areas of the underground are evaluated on a more frequent schedule. The latest largescalle comprehensive evaluation was performed December 2001. To aid in the
performance of these evaluations and to facilitate data gathering and presentation, the
underground facility is divided into zones. Geotechnical Engineering evaluates each
zone based on visual observations, analyses of geomechanical instrumentation data,
fracture data from observation boreholes, rockbolt failure data, and ground support
instrumentation data. A database is maintained to document the current status of each
zone with respect to opening geometry, excavation age, ground support systems, and
current and planned operational use.
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The operating life of parts of the underground facility may extend to more than fifty
years from the date of the first excavations. Over time, the stress conditions around the
underground excavations produce degradation of those excavations. The roof beam
receives the greatest amount of attention regarding ground control because its stability
is closely related to safety. An unexpected roof fall presents great potential for harm to
personnel, equipment, and waste containment systems. While the vast majority of
ground control activities are related to monitoring, evaluation, and corrective action of
roof stability concerns, the safety and operational issues of floor heaving and rib spalling
are also addressed. In general, there are three options for addressing potentially
hazardous ground control issues:
•
•
•

Support the ground.
Remove the ground.
Close the area.

With respect to supporting the ground, an extensive database of information on ground
control systems directly related to conditions in the WIPP underground has been
developed. As the excavations aged, issues associated with the roof beam began to
develop, and most of the facility was pattern bolted with mechanical-point-anchor
rockbolts. With the exception of ductile deformation, these bolts provide a stiff support
system while the rock formation is constantly moving in response to differential
stresses. These stiff systems have a finite life, and supplemental systems are required
in areas scheduled for long-term use. Resin-anchored threaded-bar bolts are the
predominant system in use for supplemental systems; however, several types of
yiellding systems have been installed and are being evaluated.
Removing the ground generally means mining the roof beam, but can include trimming
the floor and ribs. Beam removal activities in EO, N460, and the E140 drifts have
proven this to be a viable alternative.
The option to close openings to access generally applies to areas that have a limited
usE~ful purpose, or to those which, from an economical and/or safety standpoint, should
be closed rather than maintained. Closed areas may be reopened following specific
procedures if a new requirement for the area is identified. The option to close specific
areas in the underground at some future time, including portions of the waste disposal
panels, is always available, but experience shows it must be exercised with care and
discretion.
The criteria for ground control design and implementation are based on long-term
objectives, experience, performance of existing systems, laboratory and in situ tests of
selected ground control components and/or systems, numerical analyses of
underground openings, and a vast amount of site-specific geotechnical data
accumulated since the site opened. Ground control monitoring systems are designed
with instrumentation and equipment capable of monitoring ground stability and roofsupport adequacy.

ii
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One of the more difficult aspects of ground control is determining the criteria and
evaluating the data that indicate when ground control actions should be initiated. The
identification of behavior patterns is critical to maintaining a safe underground
environment. The process followed at WIPP includes evaluation of four general
categories of information that include the following:
•
•
•
•

Geomechanical instrumentation data
Performance of installed ground support systems
Physical observations/current conditions
WIPP-specific experience

With the receipt of waste, ground control activities are integrally related to waste receipt
schedules and related operational considerations. Evaluation of specific areas and
recommendations for remedial ground control procedures must be made in a time frame
that allows for implementation of those procedures prior to waste emplacement in those
areas. General maintenance activities, such as scaling down small pieces of rock and
replacing broken bolts as required, will continue in all accessible areas.
Current ground control projections for the disposal panels call for adding additional
ground control only as needed and, preferably, immediately prior to waste emplacement
in a specific area. With the waste disposal schedule being a controlling parameter,
ground control projections for Panel 1 include:
•
•

Replace broken bolts in most recent generation of support as necessary.
Mill the floor in Panel 1 to achieve necessary operational heights.

If the waste receipt rate does not meet planned levels, the economics of maintaining all
of Panel 1 for waste emplacement may make the use of some areas of the panel less
desirable than others.
Areas Other than Panel 1
Tentative projections for routine ground control actions in the remainder of the facility
include the addition of mesh and supplemental pattern bolting with threaded-bar bolts,
mechanical-anchor bolts, or yielding cable bolts as required. Ground control projections
are tentative, based on evaluations of current conditions, and prioritized based on
satiety. Anticipated ground control actions that will or are scheduled to be performed in
the next year include:
•

Roof beam removal in the E0 drift from N650 to N780. This activity is currently in
progress.

•

Roof beam removal in the E140 drift from N460 to N780, the E0 drift from N600
to N780, and the cross drift at N780 between E0 and E140.

•

A pattern of mechanical-anchor rockbolts and chain-link mesh will be installed
following removal of the roof beam in E0, E140 and N780.
iii
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•

Supplemental support in the W30 drift from S90 to S700.

•

Supplemental support for both brows and the immediate area around the Air
Intake Shaft.

•

Supplemental support in the S1950 drift from E140 to E440.

•

Mechanical rockbolts and chain-link mesh in all areas of Panel 2.

•

Scaling, bolt replacement, and mining as required in the waste haulage routes
from the Waste Station to all rooms in the panel will be maintained.

•

The geotechnical field-monitoring program will be extended, as required, to.
ensure adequate coverage of the facility.

•

Evaluation of new support technologies with application to WIPP, including
yielding systems, will continue as resources permit.

•

Supplemental support in N300 through N215 drifts.

•

Mechanical rockbolts and chain-link mesh in W30, W170, E140, and E300 drifts,
from S2520 to S3080.

•

Removal of the roof beam in S1300 (W30 to W170), and install mechanical
rockbolts and chain-link mesh.

•

Supplemental support system in E140 and E0 from N780 to N1420.

iv
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INTRODUCTION

This document supercedes WIPP/WID 96-2180, Rev. 5, Long-Term Ground Control
Plan for the Waste Isolation Pilot Plant.
WIPP was authorized by Congress in 1979 (Public Law 96-164) to provide "a research
and development facility to demonstrate the safe disposal of radioactive wastes
resulting from the defense activities and programs of the United States exempted from
regulation by the Nuclear Regulatory Commission." WIPP is designed to permanently
dispose of transuranic radioactive waste left from the research and production of
nuclear weapons. Transuranic waste consists of clothing, tools, rags, and other such
items contaminated with trace amounts of radioactive elements, mostly plutonium.
Located in southeastern New Mexico, 26 miles east of Carlsbad, project facilities
include disposal rooms excavated in an ancient, stable salt formation 2,150 feet
(655 meters) underground.
At the disposal horizons, the geometry and stratigraphic location of the openings and
the presence of clay/anhydrite seams form a roof that consists of a beam of salt. This
"roof beam" is discussed throughout this document and is defined as the section of salt
that exists between the roof of an excavation and the first laterally continuous anhydrite/
clay seam encountered above the roof. Most ground control activities at WIPP involve
the support or removal of this beam of salt. A comprehensive testing and evaluation
program to determine which ground support components and/or systems are most
applicable to specific project requirements has been in place for several years. It is not
the goal of this program to select a single system as a panacea for all ground control
problems encountered, but rather to establish preferred options that can be tailored to
area-specific needs. In conjunction with the testing program, an extensive geotechnical
monitoring program is in place and is expanded as necessary to assure adequate
coverage of the facility from an operational and safety standpoint. The monitoring
allows for comparison of geotechnical data to ground control system performance and
to predictive numerical models.
This Ground Control Annual Plan (GCAP) is a guidance document for short- and longterm planning for the WTS Underground Operations and Engineering groups. Because
ground conditions are dynamic, the data collected for the plan and the evaluation of
those data are most useful when used or considered immediately after collection. Use
of the data becomes more difficult and less certain with time. This plan is updated
annually, and each successive document supersedes the previous document. The
data, evaluations, and support plans may be updated more frequently. This document
is not intended to be used as a final plan for construction. Detailed plans are developed
specifically for that purpose.
1.1

Regulatory Compliance

This GCAP provides a flexible strategy for development and selection of the most
applicable and efficient means of maintaining and monitoring ground conditions at WIPP
to ensure safe and reliable operational conditions from the present time to closure of the

1
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facility. In so doing, specific regulatory compliance issues must be addressed. This
plan presents background information and a working guide to assist Underground
Op,erations and Engineering in developing strategies for addressing ground control
issues at WIPP.
1.1.1

Mine Safety and Health Administration

Support systems at WIPP are installed to the requirements of Title 30 Code of Federal
Regulations (CFR) Part 57, Subpart B, "Ground Control." Quality assurance/quality
control personnel conduct as-requested checks as each system is installed. In addition,
roof-support plans and practices are regularly reviewed and inspected by the Mine
Safety and Health Administration (MSHA) and the New Mexico Bureau of Mines.
1.1.2

Hazardous Waste Facility Permit Requirements

The GCAP serves to ensure that Hazardous Waste Facility Permit (HWFP)
requirements specific to WIPP ground control activities are met. The HWFP, M2-5a(1 ),
states "The ground control program at the WIPP facility will ensure that any room in an
HWDU [hazardous waste disposal unit] in which waste will be placed will be sufficiently
supported to assure compliance with the applicable portions of the Land Withdrawal Act
(LVVA), which requires a regular review of roof-support plans and practices by the
MSHA. Support is installed to the requirements of 30 CFR Part 57, Subpart B." As
noted in the previous section, ground support activities and materials comply with, and
are reviewed and inspected by, MSHA. This GCAP documents that necessary and
appropriate inspections and support activities were performed.
1.1.3

Environmental Protection Agency

Insofar as ground control activities may influence long-term repository performance and
performance assessment calculations, no relevant changes in ground control practices
and ground control system behavior and performance occurred.
1.2

Scope

Section 2.0 documents the current status of all underground excavations with respect to
location, geology, physical conditions, and support system conditions. Section 3.0
presents the methods used to monitor and evaluate ground conditions, including visual
observations of the roof, ribs, and floor; inspection of observation holes; and review of
geomechanical instrumentation data. Section 4.0 presents specific WIPP ground
control issues. Section 5.0 lists ground-support options and specific applications of
each. Section 6.0 presents ground control design and implementation criteria as it
appnes to WIPP. Section 7.0 presents projections and recommendations for ground
control actions based on the information in Sections 2.0 through 5.0 of this GCAP and
on a rating of the critical nature of each specific area. Section 8.0 presents a summary
statement, and Section 9.0 provides references.
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Primary areas of concern regarding ground control are addressed and presented in this
document in summary form. Reports such as the annual Geotechnical Analysis Report
(GAR) (U.S. Department of Energy, 1999) and the Panel 1 Utilization Plan 1996 Update
(Garcia, 1996) are referenced throughout this document and supply more detailed
geotechnical and programmatic information. This document addresses technical
aspects of the underground facility concerning the design, construction, and
performance of the subsurface geologic structures and support systems.
Issues associated with the stability of the roof of the underground facility are the primary
focus of this document. With the receipt of waste in March 1999, this document
provides additional detail to Panel 1 and Panel 2 activities and options. Conditions of
the ribs and floor are discussed briefly with respect to maintenance and their
relationship to the roof. Also presented are methods by which proposed support
systems and materials are, and will continue to be, evaluated and utilized.
1.3

Background

Drilling of the Salt Handling Shaft began in 1981 and underground excavation at WIPP
followed in 1982. Since that time, approximately eight miles of drifts, rooms, and
alcoves have been excavated with several areas now closed to access. The
excavations vary in geometry, geology, age, and operational use. These parameters
affect the selection of ground control measures, but the ability of the salt to creep or tlow
with time, and the related fracture process, has the greatest impact on selection of
ground control systems. All ground control mechanisms are subjected to the salt-creep
forces.
ThH ground control program at WIPP consists of many aspects, including continuous
visual inspections of the underground openings, extensive geomechanical monitoring,
numerical modeling, tracking and analysis of rockbolt failures, implementation of
selective ground control procedures, and comprehensive in situ and laboratory testing
and evaluation of ground control components and systems. The knowledge and
experience acquired over the years have enabled the ground control program to evolve
from one that was somewhat generic to underground mining to one that is more WIPPspecific. That is, the program is focused on the ground control events most often
encountered in the facility and operational considerations such as waste disposal
schedules and requirements.
Delays of initial waste receipt and slower than anticipated buildup in receipt rate resulted
in the necessity of maintaining some openings for a longer period than originally
anticipated, particularly Panel 1. Conversely, with the conclusion of the experimental
pro~Jrams, several areas of the facility were closed (deactivated), including all areas
north of N780, which eliminated maintenance requirements and associated costs and
potential safety concerns for those areas. Selected areas north of N780 were
subsequently reopened to allow for disposal of salt from mining activities. The
development of ground control plans for areas that involve waste handling and
emplacement take into account the most current waste receipt schedules provided by
the U.S. Department of Energy (DOE) Carlsbad Field Office.
3
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The ground control program has produced a better understanding of the failure
mechanisms involved in the mine roof and of the behavior of support systems installed
in it. This extensive database of information provides the ability to preserve and
maintain ground conditions and to predict and/or mitigate hazardous conditions.
The history of ground control at WIPP is an important record of what has been learned.
Many ground control issues that once presented new challenges have become
commonplace, as have the methods to address those issues. A wide variety of ground
control issues have been encountered at WIPP, ranging from minor spalling to
monitored roof falls.

1.3.1

Summary of 2001 Ground Control Actions

The receipt of waste initiated additional activities that affected ground control actions in
2001. Mining of Panel 2 and its associated access drifts was completed. To ensure
that salt disposal from Panel 2 excavation was not impeded by limitations of the salt
handling shaft, reopening of selected areas of the north end of the facility for salt
disposal was authorized by the DOE. Panel 1 was also monitored more closely as
Panel 2 was mined to evaluate effects of the mining on the existing openings.
This plan addresses ground control issues on a contemporary basis. Major ground
control measures implemented in calendar year 2001 include the following:
•

Installed roof mats in rooms 2, 3, and S1950 from rooms 1 through 6 of
Panel 1. The roof mats were attached with a pattern of threaded-bar and
mechanical-anchor rockbolts.

•

Installed mechanical bolts and chain-link mesh in selected areas of S2520
Panel 2.

•

Spot bolted isolated and limited drummy areas in newly excavated portions of
Panel 2 and assess drifts to Panels 1 and 2.

•

Installed mechanical bolts and chain-link mesh in high back areas of E0
between N150 to N650, N460 between E0 and E140, and E140 between N260
to N460.

•

Maintained existing ground control as appropriate. Bolt failures in active
patterns were evaluated and replaced as necessary. Scaling, adding mesh,
and bolting were performed on an as-needed basis in localized areas.

•

Installed a pattern of Dywidag bolts along the rib line in E140, N780 to N1420.

•

Performed floor milling activities in rooms 2, 3, S1600 from rooms 1 through 4
in Panel 1, and other areas as required.
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•

Installed Dywidag rockbolts in S 1950 from E 140 to 75 feet east of room 1,
Panel 1.

•

Installed mechanical bolts and chain-link mesh in E140 from S1050 to S1900.

1.3,.2

Projected Ground Control Measures for 2002

Panel 1 conditions are scrutinized carefully to ascertain suitability for waste disposal. All
areas of the panel are reinforced with supplemental threaded-bar bolt installations.
Current projections call for adding additional ground control only as needed and,
preferably, immediately prior to waste emplacement in a specific area. With the waste
disposal schedule being a controlling parameter, ground control projections for Panel 1
include:
•

Replace broken bolts in most recent generation of support as necessary until
near the time each room is required for waste disposal.

•

If required, the floor in areas required for waste emplacement will be milled or
mined to achieve operational clearance requirements.

Areas other than Panel 1 include:
•

Rebolt E0 drift from N780 to N1420.

•

Install rockbolts and chain-link mesh from S2180 to S3050 in E300, E140, W30,
and W170.

•

Remove the roof beam and rockbolt and chain-link mesh the S1300 shop,
between W30 and W170.

•

Install rockbolts in Air Intake Shaft station area.

•

Install rockbolts and chain-link mesh in N300 and N215 drifts.

2.0

CURRENT STATUS OF UNDERGROUND OPENINGS

The underground is divided into zones for ground control assessment purposes. The
current status of the zones is periodically evaluated and documented. Figure 2-1
presents a layout of the facility with the numeric identification of each zone. Table 2-1
lists statistical information on each zone, such as area description, roof beam
dimensions, opening geometry, excavation age, ground support, and operational use.
This table also gives the projected life of the zone based on its operational use.
Table 2-2 lists the current physical condition assessment of each zone based on field
surveys performed in June and December of 2001. The information provided in
Table 2-2 is based on qualitative evaluations of roof, rib, and floor fracturing and related
degradation of the opening. The data presented in Tables 2-1 and 2-2 are used in
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making ground control projections. A change in the conditions of an area may
necessitate ground control actions not anticipated at this time.

2.1

Geology

The underground facility horizon lies within the Salado Formation. This is a very stable
formation as evidenced by the facts that it is approximately 250 million years old, about
2,000 feet thick (610 meters), and dry. The basic constituents of the formation are
nearly horizontal beds of clear halite (salt), argillaceous halite, and polyhalitic halite. A
detailed geologic discussion of the Salado Formation can be found in the RCRA permit
application. Two mining horizons are located within the facility horizon: (1) the disposal
horizon, and (2) the experimental horizon. The experimental horizon is not currently
accessible; therefore, any reference relative to this horizon is limited to historical
perspective. Figure 2-2 shows the relationship of Panels 1, 2, 7, and 8 at the WIPP
stratigraphy, and figure 2-3 shows the relationship of Panels 3, 4, 5, and 6.
Localized geologic conditions can have a considerable impact on the stability of an
opening. Within these horizons are seams of anhydrite and clay that have a significant
impact on the stability of openings and the selection of ground control systems.
Fracture development at a specific location, within a roof beam, for example, may be
influenced by the clay content or other seemingly minor factors.
For Panels 1 and 2, with a 13-foot (4-meter) excavation height, clay Fis typically
located just below the roof. Anhydrite "b" is located approximately 6.5 feet (2 meters)
above the roof and is underlain by clay G. Anhydrite "a" is located approximately
13 feet (4 meters) above the roof and is underlain by clay H. MB 139 typically lies about
5 feet (1.5 meters) below the floor; however, floor trimming places the marker bed
closer to the opening. MB 139 is underlain by clay E. Clay F is not a well-defined seam
and is laterally discontinuous within the halite. The clay layers provide surfaces along
which slip can occur, whereas the anhydrite layers are stiff units that do not creep. In
addition, the undulating top of Marker Bed 139 resists shear movement along the
interface with the overlying salt (U.S. Department of Energy, 1993).
Disposal Panels 3 to 6 will be moved up approximately 6.5 feet so the roof of a disposal
room terminates just above Anhydrite "b." The slip that occurs along the clay seam
allows the ribs of the excavation to creep inward without creating as much deformation
in the roof beam. Moving the disposal horizon up also results in a thicker barrier of salt
between the floor of the room and MB-139. Figure 2-3 shows the new location of future
storage rooms with respect to stratigraphy. Panel 3 will be the first panel excavated at
the new level. Ramping up to the new level begins in the access drifts and occurs
between S2520 and S2750.

2.2

General Ground Conditions

Salt is a rock that creeps (slowly flows) when subjected to differential stress. Once an
opening is made, a continuous process of deformation and associated fracturing is
initiated. These creep-related processes play a dominant role regarding the physical
6
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condition of the excavation. In turn, existing and expected ground conditions are a
primary controlling factor influencing ground control measures.
Roof beam conditions in general follow a predictable path of deterioration over time with
the degree of degradation varying widely throughout the facility. Many areas have
remained very stable since their excavation, while low-angle fracturing and bed
separation are observed in other areas. The strata interfaces (clay and anhydrite
seams) do not provide much, if any, shear resistance, resulting in differential stresses
and related strains developing above and below the seams. This differential movement
concentrates the stresses in the beam and, with time, produces a lateral offset in
boreholes penetrating the seams, including rockbolt holes. Low-angle fractures develop
from the ribs upward over the center of the room. They terminate where they reach a
discontinuity in the stratigraphy, such as a clay seam. This fracture pattern is common
in salt and potash mines and is illustrated schematically in Figure 4-2.
Once low-angle fractures on one side of a room are fully developed, movement of the
beam may be primarily toward the low-angle fractures because it offers the least
resistance. A cantilever is formed that is wedged downward as it moves horizontally .
Installed rockbolts, if too stiff, have a tendency to cause a tensile fracture to develop
along the thin edge of the wedge. As one end of the cantilever is forced down, tensile
fractures may also develop along the top of the beam on the opposite side of the room.
Observations made during the beam-removal activities in the E140 drift indicate that if
separation at clay G occurs, that separation may be located near the upper terminus of
the low-angle fracture as opposed to in the center of the drift.
Thei fracture mechanisms have proven to be consistent in areas experiencing advanced
degradation of the roof beam. The monitored roof falls in SPDV (site and preliminary
design validation) rooms 1 and 2 indicate that a detached section of a roof beam will be
somewhat of a wedge shape. Observations of the fracture patterns exposed during the
beam-removal process in the E140 drift confirm this mode of failure. Knowledge of the
type of failure that can be expected in the roof beam aids in the design of ground
support systems. For example, support systems designed to support the entire crosssectional area of the roof beam are considered conservative based on a wedge-type
failure. This behavior also influences the detail of support installation. For example, by
ending the resin anchor column approximately 1 foot above the clay seam as opposed
to flush with the seam, the bolt is subjected to a more gradual bend as a result of clay
seam offset.
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Table 2-1. Underground Assessment Zones Zone
No.,

Area

Age

Statistical Information (Page 1 of 4)

Opening
(ft)

Use

(yr)

Est.
Life

Bolt
Length
(ft)

Bolt
Diam.
(in.)

Bolt
Type

Patt. Bolt
Spacing
(ft)

Roof Beam
Dimensions
(ft)

1

ROOM 1 PANEL 1

13x33

WASTE DISP

15

ST

13

1.000

THRB

VARIOUS

7x33

2

ROOM 2 PANEL 1

13x33

WASTE DISP

14

ST

99

9.999

VARY

VARIOUS

7x33

3

ROOM 3 PANEL ·1

13x33

WASTEDISP

14

ST

12

0.875

THRB

Jenmar Mats

7x33

4

ROOM 4 PANEL ·l(N/2)

13x33

WASTEDISP

13

ST

12

0.875

THRB

4.5SQ

7x33

4

ROOM 4 PANEL 1(S/2)

13x33

WASTEDISP

13

ST

13

0.875

THRB

4.5SQ

7x33

5

ROOM 5 PANEL 1

13x33

WASTE DISP

13

ST

12

0.875

THRB

4.5SQ

7x33

6

ROOM 6 PANEL 1

13x33

WASTE DISP

13

ST

12

0.875

THRB

4.5SQ

7x33

7

ROOM 7 PANEL 1

13x33

WASTEDISP

13

ST

12

0.875

THRB

5x3.8TRI

7x33

8

S1950 PANEL 1

13x33

WASTE DISP

14

ST

13

0.750

THRB

Jenmar Mats

7x33

9

S1600 R4-R7 PANEL 1

13x33

WASTE DISP

13

ST

13

0.875

THRB

4.5SQ

7x33

10

S1600 R1-R4 PANEL 1

13x33

WASTE DISP

14

ST

13

0.875

THRB

4.5SQ

7x33

11

S1950P1 ENT E140-300

13x20

HAULAGE

15

ST

6

0.625

MECH

5x2.5TRI

7x20

11

S1950P1 ENT E300-520

13x20

HAULAGE

15

ST

6

0.625

MECH

5x2.5TRI

7x20

12

S1600 PANEL 1 ENTRY

12x14

VENTILATE

15

ST

6

0.625

MECH

5x2.5TRI

8x14

13

E300 S1950-S2180

12x14

VENTILATE

15

LT

10

0.750

MECH

4x2TRI

8x14

14

E300 OVERCAST-S1950

15x19

VENTILATE

15

LT

0

0.000

NONE

NONE

5x19

15

E300 S1300-S1600

12x14

VENTILATE

15

LT

6

0.625

MECH

5x2.5TRI

8x14

15

E300 S1600-S1950

12x14

VENTILATE

15

LT

10

0.750

MECH

5x2.5TRI

8x14

16

E300 S400-S 1300

12x14

VENTILATE

16

LT

10

0.750

MECH

5x2.5TRI

8x14

17

E300 S90-S400

12x14

VENTILATE

15

LT

10

0.750

MECH

6x3TRI

8x14

18

E300 S90-N250

15x25

SHOP

8

I

12

0.750

THRB

4.5SQ

5x25

19

EXHST DRIFT E OF 300

12x20

VENTILATE

17

LT

10

0.750

MECH

5x2.5TRI

8x20

20

E140 S OF 2520

8x25

CLOSED AREA

18

CL

0

0.000

MECH

UNKNOWN

6x25

20

E140 S2050-S2180

15x25

HAULAGE

18

LT

8

0.750

MECH

12x3TRI

5x25

21

E140 S1600-S1950

20x25

HAULAGE

18

LT

4

0.625

MECH

5x5TRI

6x25

21

E 140 S1950-S20~i0

15x25

HAULAGE

18

LT

8

0.750

MECH

12x3TRI

5x25

22

E140 S1300-S1600

20x25

HAULAGE

18

LT

5

0.625

MECH

5x5TRI

6x25

23

E140 S1000-S1300

20x25

HAULAGE

18

LT

5

0.625

MECH

5x5TRI

6x25

24

E140 S700-S1000

15x25

HAULAGE

18

LT

12

0.875

THRB

4.5SQ

5x25

25

E140 S400-S700

15x25

HAULAGE

18

LT

8

0.750

MECH

12x3TRI

5x25

26

E140 S90-S400

15x25

HAULAGE

18

LT

10

0.750

MECH

5x2.5TRI

5x25

27

E140 N250-N460

15x25

HAULAGE

18

LT

10

0.750

MECH

7x3.5TRI

5x25

27

E140 S90-N250

15x25

HAULAGE

18

LT

10

0.750

MECH

5x2.5TRI

5x25

28

E140 N460-N780

15x25

STORAGE

18

LT

99

9.999

VARY

VARIOUS

5x25

28

E140 N780-N1100

15x25

HAULAGE

18

ST

10

0.750

MECH

5x2.5TRI

5x25

29

E140 N1100-N1400

15x30

HAULAGE

18

ST

10

0.750

MECH

5x2.5TRI

5x30

30

W30 S1950-S2180

12x14

ACCESS

18

LT

10

0.750

MECH

5x2.5TRI

8x14

31

W30 S1600-S1950

12x14

ACCESS

15

LT

10

0.750

MECH

6x3TRI

8x14

32

W30 S1175-S1300

12x14

ACCESS

16

LT

10

0.750

MECH

5x2.5TRI

8x14

32

W30 S1300-S1600

12x14

ACCESS

16

LT

6

0.625

MECH

5x3TRI

8x14

33

W30 S1150 BOOST FAN

20x25

VENTILATE

16

LT

6

0.750

MECH

4x6SQ

6x25

34

W30 S400-S700

12x20

ACCESS

16

LT

10

0.750

MECH

5x3TRI

8x20

34

W30 S700-S1000

12x14

ACCESS

16

LT

10

0.750

MECH

5x3TRI

8x14

34

W30 S1000-1125

12x14

ACCESS

16

LT

10

0.750

MECH

5x3TRI

8x14

35

W30 S90-S400

12x20

HAULAGE

18

LT

10

0.750

MECH

5x2.5TRI

8x20

36

SALT SHAFT STATION

20x33

STATION

19

LT

5

0.625

MECH

8x5TRI

6x33

37

E0 SALT STA-N150

12x25

HAULAGE

18

LT

6

0.625

MECH

5x3TRI

8x25

38

E0 N150-N460

12x25

HAULAGE

17

LT

10

0.750

MECH

7x3.5TRI

8x25
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Table 2-1. Underground Assessment Zones Area
Description

Zone
No.

Opening
Dimensions
(ft)

Use

Age
(yr)

?n Pilot Plant

Statistical Information (Page 2 of 4)
Est.
Life

Bolt
Length
(ft)

Bolt
Diam.
(in.)

Bolt
Type

Patt. Bolt Roof Beam
Spacing Dimensions
(ft)
(ft)

39

E0 N460-N780

12X25

HAULAGE

18

LT

10

0.750

MECH

5X2.5TRI

39

E0 N780-N1100

12x25

HAULAGE

18

ST

10

0.750

MECH

5x2.5TRI

8x25

40

E0 N1100-N1400

12x25

HAULAGE AREA

18

ST

10

0.750

MECH

5X2.5TRI

8X25

41

W170 S1950-S2180

12x14

HAULAGE

12

LT

10

0.750

MECH

5x2.5TRI

8x14

42

W170 S1300-S1600

12x14

HAULAGE

16

LT

10

0.750

MECH

5x2.5TRI

8x.14
8x14

8X25

42

W170 S1600-S1950

12x14

HAULAGE

16

LT

10

0.750

MECH

5x2.5TRI

43

W170 S1000-S1300

12x14

HAULAGE

16

LT

10

0.750

MECH

6x3TRI

8x.14

43

W170 S700-S1000

12x14

HAULAGE

16

LT

10

0.750

MECH

6x3TRI

8x14
8x14

44

W170 S90-S700

12x14

HAULAGE

16

LT

10

0.750

MECH

6x3TRI

45

W170/N150 S90/E0

12x14

HAULAGE

16

LT

10

0.750

MECH

6x3TRI

8x14

46

S2180 E140-E300

13x20

CROSS

15

I

10

0.750

MECH

5x2.5TRI

7x20

47

S2180 W30-E140

13x20

CROSS

13

I

10

0.750

MECH

5x2.5TRI

7x20

47

S2180 W30-W170

13x20

CROSS

12

I

10

0.750

MECH

5x2.5TRI

7x20

48

S1950 W30-E140

12x14

CROSSDRFT

15

I

10

0.750

MECH

5x2.5TRI

8x.14

48

S1950 W30-W170

12x14

CROSSDRFT

14

I

10

0.750

MECH

5x2.5TRI

8x.14

49

S 1600 E140-E300

12x20

CROSSDRFT

15

I

10

0.750

MECH

6x4TRI

8x20

50

S1600 E140-W30

12x20/27

WASHBAY

17

I

10

0.750

MECH

5x3TRI

8x20/27
8x20

51

S1600 W30-W170

12x20

CROSSDRFT

13

I

10

0.750

MECH

5x2.5TRI

52

S1300 E140-E300

12x25

VENTILATE

17

I

10

0.750

MECH

5x3TRI

8x25

53

S1300 E140-W30

12x20

OFFICES

16

I

6

0.625

MECH

6x3TRI

8x20

54

S1300 W30-W170

14x20

SHOP

16

I

99

9.999

MECH

4x2TRI

6x20

55

S1000 E140-E300

12x20

CROSSDRFT

15

I

10

0.750

MECH

5x5TRI

8x20

56

S1000 E140-W30

12x25

CROSSNEN DRFT

17

I

10

0.750

MECH

5x2.5TRI

8x25

57

S1000 W30-W170

12x33

OFFICES

15

I

10

0.750

MECH

5x2.5TRI

8x33

58

S700 E140-E300

14x33

SHOP

17

I

10

0.750

MECH

5x5TRI

6x33

59

S700 E140-W30

12x20

HAULAGE

15

I

10

0.750

MECH

6x3TRI

8x20

60

S700 W30-W170

12x32

OFFICES

16

I

6

0.625

MECH

5x2.5TRI

8x32

61

S400 E140-E300

VARIES

VENTILATE

17

LT

10

0.750

MECH

5x3TRI

VARIES

62

WASTE SHAFT STATION

16x22/

STATION

18

LT

10

0.750

MECH

5x5TRI

4x22

63

S90 E140-E300

12x12

ACCESS

15

LT

10

0.750

MECH

5x2.5TRI

8x12
8x25

64

S90 E0-E140

12x25

ELECT SUBS

15

I

0

0.000

MECH

5x5SQ

65

S90 W30-W170

12x14

ACCESS

16

LT

10

0.750

MECH

5x2.5TRI

8x14

66

S90W170-AIS

12x14

VENTILATE

13

I

10

0.750

MECH

6x3TRI

8x14

67

S90AIS-Q

12x20

EXPERIMENT

12

ST

10

0.750

MECH

6x3TRI

8x20

68

QALCOVE

15x30

EXPERIMENT

12

ST

6

0.625

MECH

6x6TRI

5x30

69

QROOM

9.5RND

CLOSED AREA

11

CL

0

0.000

MECH

NONE

NIA

70

AIS STATION @SHAFT

20x25

STATION

13

LT

12

0.750

MECH

6x6TRI

6x25

70

AIS STATION LOW BRWS

12x25

STATION

13

LT

6

0.750

MECH

6x6TRI

8x25

71

ROOMV

12x25

EXPERIMENT

13

ST

4

0.750

MECH

5x2.5TRI

8x25

72

AIS ACCESS N215

13x25

VENTILATE

13

LT

10

0.750

MECH

5x2.5TRI

7x25

73

N300 OE-WEST

13x25

VENTILATE

13

LT

10

0.750

MECH

5x3TRI

7x25

74

E140 N460 ALCOVE

13x25

OFFICES

10

I

10

0.750

MECH

5x2.5TRI

7x25

75

N460 E0-E140

13x25

ACCESS

18

I

10

0.750

MECH

6x3TRI

7x25

76

E140 N780 ALCOVE

13x25

STORAGE

10

I

10

0.750

MECH

7x3.5 TRI

7x25

77

N780 E0-E140 SHOP

13x25

SHOP

18

I

10

0.750

MECH

5x2.5TRI

7x25

78

N1100 E0-E140

12x14

CROSS

18

ST

10

0.750

MECH

4x5TRI

8x14

79

N1100 E140-E300

12x24

CLOSED AREA

17

CL

6

0.750

MECH

5x2.5T

8x24

79

N1100 E300-RAMP

9x14

CLOSED AREA

17

CL

10

0.625

MECH

5x5TRI

8x14

80

N1100 RAMP

914

CLOSED AREA

16

CL

6

0.750

MECH

5x2.5TRI

VARIES
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Table 2-1. Underground Assessment Zones Zone
No.

Area
Description

Opening
Dimensions
(ft)

Use

Age
(yr)

"ln Pilot Plant

Statistical Information (Page 3 of 4)
Est.
Life

Bolt
Length
(ft)

Bolt
Diam.
(in.)

Bolt
Type

Patt Bolt
Spacing
(ft)

Roof Beam
Dimensions
(ft)

81

N1100 RAMP-ROOM B

9x14

CLOSED AREA

17

CL

6

0.750

MECH

5x2.5TRI

8x14

82

N1100 ROOMS B-D

9x14

CLOSED AREA

17

CL

6

0.750

MECH

5x2.5TRI

8x14

83

ROOMD

18x18

CLOSED AREA

17

CL

10

0.875

THRB

5x5TRI

5x14

84

ROOMM

11x24

CLOSED AREA

17

CL

4

0.625

MECH

5x5SQ

6x24
5x14

85

N1400 ROOMS A3-D

12x14

CLOSED AREA

17

CL

6

0.750

MECH

4x3TRI

86

ROOM C-1

18x18

CLOSED AREA

17

CL

10

0.750

MECH

5x2.5TRI

5x14

87

ROOMC-2

18x18

CLOSED AREA

17

CL

10

0.750

MECH

5x3TRI

5x14

88

N1400 ROOMS A1-A3

12x14

CLOSED AREA

17

CL

6

0.625

MECH

4x3TRI

5x14

89

N1400 ROOMS A1-B

12x14

CLOSED AREA

17

CL

6

0.625

MECH

5x3TRI

5x14

90

N1400 RAMP-ROOM B

12x14

CLOSED AREA

17

CL

6

0.625

MECH

4x3TRI

5x14

91

N1400 RAMP

12x14

CLOSED AREA

17

CL

10

0.750

MECH

5x2.5TRI

VARIES

92

N1400 E140-RAMP

12x14

CLOSED AREA

17

CL

10

0.625

MECH

5x2.5TRI

8x14

93

N1100 E0-SPDV RM1

12x20

HAULAGE AREA

18

ST

10

0.750

MECH

5x5TRI

8x20

94

N1100 SPDV ROOMS 1-4

12x20

HAULAGE AREA

18

ST

10

0.750

MECH

5x5TRI

8x20

95

ROOM G AND G ACCESS

10x20

SALT STORE

16

ST

10

0.750

MECH

VARIOUS

10x20

97

SPDVROOM4

13x33

HAULAGE

18

ST

10 & 12

0.875

THRB

4x4SQ

7x33

98

ROOML-4

13x33

SALT STORE

12

ST

10

0.750

MECH

5x2.5TRI

7x33
7x33

99

ROOM L-3

13x33

SALT STORE

12

CL

10

0.750

MECH

5x2.5TRI

100

ROOM L-2

13x33

SALT STORE AREA

17

CL

10

0.750

MECH

4x2TRI

7x33

101

ROOM L-1

13x33

SALT STORE AREA

17

CL

10

0.750

MECH

5x2.5TRI

7x33

102

N1400 E0-E140

12x20

HAULAGE AREA

18

ST

10

0.750

MECH

5x2.5TRI

8x20

103

N1400 E0-ROOM L 1

12x20

HAULAGE AREA

18

ST

10

0.750

MECH

5x2.5TRI

8x20

104

N1400 ROOMS L 1-L4

12x20

HAULAGE AREA

18

ST

10

0.750

MECH

4x4TRI

8x20

105

E300 N1100-1400 SHOP

13x33

CLOSED AREA

11

CL

10

0.750

MECH

5x2.5TRI

7x33

106

ROOMJ

12x23

SALT STORE

17

CL;

10

0.750

MECH

4x4TRI

8x23

108

ROOM H ACCESS

10x11

CLOSED AREA

17

CL

99

0.750

MECH

5x5TRI

10x11

109

ROOMH

10x36

CLOSED AREA

16

CL

99

9.999

MECH

5x5TRI

10x36

110

N940 ALCOVE OE

12x14

STORAGE

12

ST

10

0.750

MECH

6x3TRI

8x14

111

E0 N620 ALCOVE

12x25

STORAGE

12

I

10

0.625

MECH

5x2.5TRI

8x25

112

W170 S400 ALCOVE

13x25

STORAGE

12

ST

10

0.750

MECH

5x2.5TRI

7x25

113

E0 N150 OVERCAST

20x15

VENTILATE

14

LT

10

0.750

MECH

4x4SQ

7x15

114

N150 OVERCAST-E140

10x14

VENTILATE

18

LT

10

0.750

MECH

8x4.5TRI

10x14

115

ROOM 1 PANEL. 2

13x33

WASTE DISP

2

ST

NIA

NIA

NIA

NIA

7x33

116

ROOM 2 PANEL. 2

13x33

WASTE DISP

2

ST

NIA

NIA

NIA

NIA

7x33

117

ROOM 3 PANEL 2

13x33

WASTE DISP

2

ST

NIA

NIA

NIA

NIA

7x33

118

ROOM 4 PANEL. 2

13x33

WASTEDISP

2

ST

NIA

NIA

NIA

NIA

7x33

119

ROOM 5 PANEL 2

13x33

WASTEDISP

2

ST

NIA

NIA

NIA

NIA

7x33

120

ROOM 6 PANEL 2

13x33

WASTEDISP

2

ST

NIA

NIA

NIA

NIA

7x33

121

ROOM 7 PANEL 2

13x33

WASTEDISP

2

ST

NIA

NIA

NIA

NIA

7x33

122

S2520 PANEL 2

13x33

WASTE DISP

2

ST

NIA

NIA

NIA

NIA

7x33

123

S2180 PANEL 2

13x33

WASTE DISP

2

ST

NIA

NIA

NIA

NIA

7x33

124

S2520 PANEL 2 ENTRY

13x20

HAULAGE

2

ST

NIA

NIA

NIA

NIA

7x33

125

S2180 PANEL 2 ENTRY

13x14

VENTILATE

2

ST

NIA

NIA

NIA

NIA

7x14

126

E300 S2180-S2520

13X16

VENTILATE

2

LT

NIA

NIA

NIA

NIA

7x16

127

E140 S2180-S2520

15x25

HAULAGE

2

LT

NIA

NIA

NIA

NIA

7x25

128

W30 S2180-S2520

13x16

ACCESS

2

LT

NIA

NIA

NIA

NIA

7x16

129

W170 S2180-S2520

13x16

HAULAGE

2

LT

NIA

NIA

NIA

NIA

7x16

130

S2520 E140-E300

13x20

HAULAGE

2

ST

NIA

NIA

NIA

NIA

7x20

131

S2520 W30-E140

13x20

CROSS

1

I

NIA

NIA

NIA

NIA

7x20
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Table 2-1. Underground Assessment Zones Zone
No.

Opening
Dimensions
(ft)

Area
Description

Use

Age
(yr)

m Pilot Plant

Statistical Information (Page 4 of 4)
Est.
Life

Bolt
Length
(ft)

Bolt
Diam.
(in.)

Bolt
Type

Patt. Bolt
Spacing
(ft)

Roof Beam
Dimensions
(ft.)

132

S2520 W30-W170

13x20

CROSS

2

I

NIA

NIA

NIA

NIA

7x20

133

S2180 W30-W170

13x20

CROSS

2

I

NIA

NIA

NIA

NIA

7x20

Notes:

For evaluation purposes, Zone 96 was combined with Zone 95, and Zone 107 was combined with Zone 94.
Age is calculated using the date of this printing and the date of completion of the first excavation sequence.
The date of printing is February 2002
Zeros (e.g., 0.000) in a numerical column indicate that n.o information is available.
Nines (e.g., 9.999) in a numerical column indicate multiple types or dimensions.

Key:

ST
I

LT
CL

-

Short-term
Intermediate
Long-term
Closed

THRB
MECH
TRI
SQ

-

Threaded-Bar Bolt
Mechanical Anchor
Triangular
Square

(Refer to text for detailed definitions)
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Table 2-2. Underground Inspection Survey Summary (Page 1 of 3)
Fracturing
Zone
No.

Area Description

Low-Angle
Fracturing

Ribto-Rib

Langitudinal

Rib
Assessment

Floor
Assessment

Long-Term
Projection

Increased
Closure
Rate

1

PANEL 1 ROOM 1

E3

W2

2

3

E1

W1

E2

W1

2

y

2

PANEL 1 ROOM 2

E3

W3

1

2

E1

W1

E1

W1

2

y

3

PANEL 1 ROOM 3

E3

W2

1

3

E1

W1

E1

W1

2

y

4

PANEL 1 ROOM 4

E4

W3

2

3

E1

W1

E1

W2

2

y

5

PANEL 1 ROOM 5

E4

W2

1

2

E2

W1

E2

W2

2

y

6

PANEL 1 ROOM 6

Inaccessible due to waste emplacement

7

PANEL 1 ROOM 7

Inaccessible due to waste emplacement

8

S1950 PANEL 1 to Room 5 55

N2

S2

N1

S1

2

y

9

S1600 R4-R7 PANEL 1

N3

S3

1

4

Inaccessible due to waste emplacement

10

S1600 R1-R4 PANEL 1

N2

S3

1

3

N1

S1

N1

S1

2

y

11

S1950P1 ENTRY E140-300

N1

S2

1

1

N1

S1

N1

S1

1

N

11

S1950P1 ENTRY E300-520

N5

S4

2

2

N1

S1

2

S1600 PANEL 1 ENTRY

N1

S1

1

1

N1
N1

S1

12

S1

N1

S1

1

N
y

n

E300 S1950-S2180

E1

W1

1

1

E1

W1

E1

W1

1

N

14

E300 OVERCAST-S1950

E1

W1

1

1

E1

W1

E1

W1

1

1'"_,
_,
1'"

E300 S1300-S1600

E1

W1

1

1

E1

W1

E1

W1

1

N
y

E300 S1600-S1950

E1

W1

1

1

E1

W1

E1

W1

1

1Ei

E300 S400-S 1300

E1

W1

1

1

E1

W1

E1

W1

1

N
y

17

E300 S90-S400

E1

W1

1

1

E1

W1

E1

W1

1

y

18

E300 S90-N250

E1

W1

1

1

E1

W1

E1

W1

1

y

19

EXHST DRIFT E OF 300

N1

S1

1

1

N1

S1

N1

S1

1

y

20

E140 S2050-S2180

E2

W2

1

1

E1

W1

E1

W1

1

y

21

E140 S1600-S1950

E2

W2

1

1

E1

W1

E1

W1

1

y

21

E140 S1950-S2050

E1

W1

1

2

E1

W1

E1

W1

2
1

N
y

22

E140 S1300-S1600

E1

W1

1

3

E1

W1

E2

W1

23

E140 S1000-S1300

E1

W1

1

1

E1

W1

E1

W1

1

y

24
2•·_,

E140 S700-S1000

E3

W4

1

3

E1

W1

E1

W1

2

N

E140 S400-S700

E1

W1

1

1

E1

W1

E1

W1

1

2Ei

E140 S90-S400

E3

W2

1

2

E1

W1

E1

W1

2

N
y

27

E140 N250-N460

E1

W1

1

1

E1

W1

E1

W1

1

y

27

E140 S90-N250

E2

W2

1

1

E1

W1

E1

W1

1

y

28

E140 N460-N780

E1

W4

1

1

E2

W1

E2

W1

2

y

30

W30 S1950-S2180

E2

W1

1

1

E1

W1

E1

W1

1

N

31

W30 S1600-S1950

E1

W1

1

W1

E1

W1

1

N

W30 S1175-S1300

E1

W1

1

1
1

E1

,_
3''

E1

W1

E1

W1

3'',_

1

N

W30 S1300-S1600

E1

W1

1

1

E1

W1

E1

W1

1

N

30•_,

W30 S1150 BOOST FAN

E2

W1

2

1

E1

W1

E1

W1

N

34

W30 S1000-S1125

E1

W1

1

1

E1

W1

E1

W1

2
1

34

W30 S400-S700

E1

W1

1

1

E1

W1

E1

W1

1

N

N

34

W30 S700-S1000

E1

W1

1

1

E1

W1

E1

W1

1

N

35

W30 S90-S400

E3

W2

1

2

E1

W1

E1

W1

2

N

36

SALT SHAFT STA TION

E1

W1

1

2

E1

W1

E1

W1

1

N

37

ED SALT STA-N150

E2

W2

3

1

E1

W1

E1

W1

N

38

ED N150-N460

E1

W1

1

1

E1

W1

E1

W1

2
1

39

ED N460-N780

E4

W4

1

3

E1

W1

E2

W1

2

y

41

W170 S1950-S2180

E1

W1

1

1

E1

W1

E1

W1

1

N

N

4''

,.

W170 S1300-S1600

E1

W1

1

1

E1

W1

E1

W1

1

,_
4''

N

W170 S1600-S1950

E1

W1

1

1

E1

W1

E1

W1

1

4"'_,
43

W170 S1000-S1300

E1

W1

1

1

E1

W1

E1

W1

1

N
N

W170 S700-S1000

E1

W1

1

1

E1

W1

E1

W1

1

44

W170 S90-S700

E1

W1

1

1

E1

W1

E1

W1

1

N
y

4S

W170/N150 S90/E0

E1

1

E1

W1

E1

W1

1

y

S2180 E140-E300

N1

W1
S1

1

46

1

1

N1

S1

N1

S1

1

y

47

S2180 W30-E140

N1

S1

1

1

N1

S1

N1

S1

1

N

48

S1950 W30-E140

1

S1

1

N

1

N1
N1

N1

S1

1
1

S1

S1950 W30-W170

N1
N1

S1

4B

S1

N1

S1

1

N

49

S1600 E140-E300

N1

S1

1

1

N1

S1

N1

S1

1

N
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Table 2-2. Underground Inspection Survey Summary (Page 2 of 3)
Fracturing
Zone
No.

Area Description

Low-Angle
Fracturing

Ribto-Rib

Longitudinal

Rib
Assessment

Floor
Assessment

Long-Term
Projection

Increased
Closure
Rate

50

S1600 E140-W30

N1

S1

1

1

N1

S1

N1

S1

1

N

51

S1600 W30-W170

N1

S2

1

1

N1

S1

N1

S1

1

N

52

S1300 E140-E300

N1

S1

1

1

N1

S1

N1

S1

1

N

53,

S1300 E140-W30

N1

S1

2

1

N1

S1

N1

S1

1

N

54

S1300 W30-W170

N2

S3

2

3

N1

S1

N1

S2

2

N

5~,

S1000 E140-E300

N1

S1

1

1

N1

S1

N1

S1

1

N

56

S1000 E140-W30

N1

S1

1

1

N1

S1

N1

S1

1

N

57

S1000 W30-W170

N1

S1

1

1

N1

S1

N1

S1

1

N

58

S700 E140-E300

N2

S1

1

1

N1

S1

N2

S1

1

N

59

S700 E140-W30

N1

S1

1

1

N1

S1

N1

S1

1

N

60

S700 W30-W170

N1

S2

1

1

N1

S1

N1

S1

1

N

61

S400 E140-E300

N1

S1

1

1

N1

S1

N1

S1

1

N

62'

WASTE SHAFT STATION

N1

S2

3 Brow

1

N1

S1

N1

S1

2 Brow

V

62

WASTE SHAFT STATION

N1

S2

1 Overall

1

N1

S1

N1

S1

1 Drift

y

63

S90 E140-E300

N1

S1

1

1

N1

S1

N1

S1

1

N

64

S90 E0-E140

N1

S1

1

1

N1

S1

N1

S1

1

N

65

S90 W30-W170

N1

S1

1

1

N1

S1

N1

S1

1

N

66

S90 W170-AIS

N1

S1

1

1

N1

S1

N1

S1

1

67

S90AIS-Q

N1

S2

1

1

N1

S1

N1

S1

1

N
y

68

QALCOVE

N1

S1

1

1

N1

S1

N1

S1

1

N

70

AIS STATION @ SHAFT

E1

W1

3

2

E1

W1

E1

W1

1

N

70

AIS STATION LOW BRWS

E2

W1

3

1

E1

W1

E2

W1

2

N

71

ROOMV

N1

S1

1

1

N1

S1

N1

S1

1

N

72

AIS ACCESS N215

N2

S2

1

1

N1

S1

N1

S2

1

N

73

N300 OE-WEST

N4

S2

2

2

N1

S1

N1

S1

2

N

74

E140 N460 ALCOVE

N1

S2

1

1

N1

S1

N1

S1

1

N

75

N460 E0-E140

N1

S1

1

1

N1

S1

N1

S1

1

N

76

E140 N780 ALCOVE

N1

S1

1

1

N1

S1

N2

S2

1

N

77

N780 E0-E140 SHOP

N1

S1

1

1

N1

S1

N1

S1

1

N

11 ·1

E0 N620 ALCOVE

N1

S1

1

1

N1

S1

N1

S1

1

N

112

W170 CORE STORAGE

N1

S1

1

1

N1

S1

N1

S1

1

N

113

E0 N150 OVERCAST

N1

S1

1

1

N1

S1

N1

S1

1

N

114

N150 OVERCAST-E140

N1

S1

1

1

N1

S1

N1

S1

1

N

111;

PANEL 2 ROOM 1

E1

W1

1

1

E1

W1

E3

W1

1

N

116

PANEL 2 ROOM 2

E1

W1

1

1

E1

W1

E1

W2

1

N

117

PANEL 2 ROOM 3

E1

W1

1

1

E1

W1

E2

W1

1

N
N

118

PANEL 2 ROOM 4

E1

W1

1

1

E1

W1

E2

W1

1

1m

PANEL 2 ROOM 5

E1

W1

1

1

E1

W1

E1

W1

1

N

120

PANEL 2 ROOM 6

E1

W1

1

1

E1

W1

E2

W1

1

N

12·1

PANEL 2 ROOM 7

E1

W1

1

1

E1

W1

E2

W1

1

N

122

S2520 PANEL 2

N1

S1

1

1

N1

S1

N1

S1

1

N

123

S2180 PANEL 2

N1

S1

1

1

N1

S1

N1

S2

1

N

124

COMBINE W/123

125

S2520 PANEL 2 ENTRY

N1

S1

1

1

N1

S1

N1

S1

1

N

126

S2180 PANEL 2 ENTRY

N1

S1

1

1

N1

S1

N1

S1

1

N

127

E300 S2180-S2520

E1

W1

1

1

E1

W1

E1

W1

1

N

128

E140 S2180-S2520

E1

W1

1

1

E1

W1

E1

W1

1

N

129

W30 S2180-S2520

E1

W1

1

1

E1

W1

E1

W1

1

N

130

W170 S2180-S2520

E1

W1

1

1

E1

W1

E1

W1

1

N

13"1

S2520 E140-E300

N1

S1

1

1

N1

S1

N1

S1

1

N

132

S2520 W30-E140

N1

S1

1

1

N1

S1

N1

S1

1

N

133

S2520 W30-W1 70

N1

S1

1

1

N1

S1

N1

S1

1

N

134

S2180 W30-W170

N1

S1

1

1

N1

S1

N1

S1

1

N

135

E300 S2520-S2750

E1

W1

1

1

E1

W1

E1

W1

1

N

136

E140 S2520-S2750

E1

W1

1

1

E1

W1

E1

W1

1

N

137

S2750 E140-E300

N1

S1

1

1

N1

S1

N1

S1

1

N

N
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Table 2-2. Underground Inspection Survey Summary (Page 3 of 3)
Notes: All accessible zones were assessed from November 2001 to January 2002.
Areas north of N780 were reopened to support salt disposal. These areas were assessed for ground conditions, and scaling
and bolting were performed as required.
The roof is assessed on a scale from 1 to 5, "1" being no low-angle fracturing noted, and "5" being low-angle fracturing
extending the full length of the zone, with separation or pull away in evidence.
Vertical fracturing (horizontal [rib-to-rib] and longitudinal [parallel or near parallel]) is rated from 1 to 5, with "1" being none
observed, and "5" being close bolt-to-bolt fracturing.
Ribs are assessed on a scale of 1 to 3, with "1" being good intact ribs, and "3" showing uncontrolled (no mesh or bolts) spalling
or sloughing of the surface.
The floor is assessed on a scale of 1 to 3, with "1" being a good intact floor with no fracturing or floor heave·present. A "3"
represents a badly fractured or heaving floor.
Under the heading "Increased Closure Rate," a "Y" indicates that the measured closure rate at any convergence point within
the area has increased more than 5 percent for the annual period ending October 1, 2001, as compared to the annual period
ending October 1, 2000.
Long-term projections are rated on a scale of 1 to 3. At a minimum, areas with a rating of "3" are formally reviewed quarterly,
those with a "2" are reviewed semiannually, and those rated as "1" are reviewed annually.
Key:

N

- North half of zone

E

- East half of zone

S

- South half of zone

w

- West half of zone

NA - Not applicable or not available
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General Support System Conditions

Excluding Panel 1, the ground support in most of the accessible areas underground
consists of mechanical-anchor rockbolts anchored above the first clay seam (i.e., clay G).
ThH mechanical-anchor rockbolts used at WIPP employ an expansion shell-type anchor.
Other than bolts that noticeably fail, it is difficult to accurately determine the condition of an
installed bolt. However, based on measured deformation and observed offset since their
installation, a significant number of the mechanical-anchor rockbolts are probably in
material yield several years after installation. Anchor slip has been observed and occurs
for several reasons. Failed bolts are replaced as necessary.
Supplemental support systems typically consist of threaded bar bolts. Bolt holes typically
are reamed oversize to just above the first clay seam to allow for some lateral movement
before bending of the bolt starts. Supplemental systems are installed in areas where
ground conditions warrant additional support. Failed bolts are replaced as necessary.
WIPP operational requirements specify that a 13-foot (4-meter) nominal clearance (roofto-floor) be maintained in the disposal rooms. Therefore, trimming of the floor and ribs
may be performed before waste emplacement to maintain or achieve the specified
opening dimensions.

2.4

Panel 1 Ground Conditions

Low-angle fractures of varying degrees are observed in all areas of Panel 1. Horizontal
(rib--to-rib) and longitudinal fractures are also present.
Table 2-3 depicts the total vertical and horizontal convergence for the Panel 1 rooms
since their dates of excavation. Total vertical convergence is approximately 3.5 feet
(1.07 meter) in most areas of the panel and horizontal convergence is over 2 feet
(0.61 meter). Because ground control measures have little or no effect on the creep
process, convergence of this type will continue unabated until the openings are
completely closed.
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Table 2-3. Panel 1 -Total Vertical and Horizontal Closure

Room

Date of
Excavation at
Instrument

Excavation
Completed to
Final
Dimensions

Total Vertical
Closure as of
Reporting Period(aJ
(in.)

Total Horizontal
Closure as of
Reporting Period(a)
(in.)

Room 1

June 1986

August 1986

56.6

28.2

Room2

January 1987

March 1988

40.0

24.9

Room3

February 1987

March 1988

43.1

31.8

Room4

February 1988

March 1988

42.8

32.5

Rooms

February 1988

March 1988

38.9

27.8

Room6

February 1988

May 1988

40.9

24.7

Room 7(b>

March 1988

March 1988

---

---

(a)

Data represents room center convergence points current though November 2001. Data
compiled by MINEPLOT.EXE software (Westinghouse Geotechnical Engineering, 1998).

(b)

Center points are no longer accessible because of waste emplacement.

2.4 . 1 Panel 1 Support System Conditions
Various support systems have been installed in Panel 1 since excavation. As in the other
areas of the facility, it is difficult to accurately determine the condition of the in-place bolts.
However, based on measured rock deformation and observed offset since their installation, a significant number of the mechanical-anchor rockbolts installed in rooms 1 through
6 are probably in material yield, are experiencing anchor slippage, or have failed. Silicone
sealant was placed in each of the first generation mechanical 10 foot rockbolt holes during
bolt: installation and it tends to hold these bolts in place making it difficult to identify failed
bolts. The six-foot-long mechanical-anchor bolts installed in room 7, S1600 and S1950,
do not penetrate the first clay seam and have not been exposed to the same degree of
lateral and axial deformation. Silicone was not used with replacement rockbolts.
The entire panel has been rebolted with resin-anchored, threaded-bar bolts. These bolts
are anchored with approximately three feet of resin. During installation of the threadedbar bolts, the majority of the boreholes were reamed oversize to just above the first clay
seam to allow a larger amount of offset before the bolts are affected by lateral loading. In
addlition, the majority of installations since early 1996 have had the resin column
terminated approximately one foot above the first clay seam to allow for a less severe
bend in the bolts once lateral loading begins. Preliminary data indicates that these
installation modifications are extending the life of the bolts. However, as these systems
age, increased numbers of threaded-bar bolt failures are expected. The condition of
these bolts varies depending on their date of installation, location, and method of
installation.
Excluding the mechanical bolts, the threaded bars installed in rooms 1 and 2 are the
oldest system in place in the panel. This system was designed as a yielding system that
was detensioned at regular intervals determined by the load on the bolts. As of
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November 1999, the yielding systems in rooms 1 and 2 were no longer detensioned and
as a result they are behaving similarly to non-yielding systems in other rooms of the panel.
Some failures of these bolts have occurred, and all failed components are replaced on a
regular basis.
All the rooms in Panel 1 have experienced some failures of threaded-bar bolts. The failed
bolts are replaced with like components.
Shortly before waste emplacement, room 7 and S 1600 and S 1950 between rooms 6 and
7, a system comprised of wire rope lacing in conjunction with 13-foot-long No. 7 threadedbar bolts with full load nuts was installed. There is no access to room 7; therefore, there is
no confirmation of any failures. Roof mats and threaded bar rockbolts were installed in
the remainder of S1950, and in rooms 1, 2, and 3.

2.5

Panel 2 Ground Conditions

The ground conditions in Panel 2 follow a pattern similar to that observed in the early days
of the Panel 1 excavation. The back is in excellent condition with only the small
occasional shallow drummy areas dispersed throughout the panel. These areas have
been identified and spot bolted with short mechanical rockbolts and chain-link wire mesh.
The ribs are in excellent condition and show minor spalling primarily near clay F, which is
a normal occurrence. The miters do show some vertical cracking but this was expected
and will continue throughout the life of the panel. The floor in the panel is beginning to
show signs of heave in most of the areas of the panel. Again, this is expected to occur.
Table 2-4 depicts the total vertical and horizontal convergence for the Panel 2 rooms
since their dates of excavation. Total vertical convergence averages about 1 foot
(0.~~0 meter) in the panel and horizontal convergence averages about 5 inches
(0.113 meter).
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Table 2-4. Panel 2 -Total Vertical and Horizontal Closure

Room

Date of
Excavation at
Instrument

Excavation
Completed to
Final
Dimensions

Total Vertical
Closure as of
Reporting Period<a>
(in.)

Total Horizontal
Closure as of
Reporting Period<a>
(in.)

Room 1

January 2000

June 2000

11.2

5.1

Room2

February 2000

June 2000

10.8

5.4

Room3

February 2000

July 2000

9.0

4.7

Room4

March 2000

July 2000

11.1

5.2

Room5

March 2000

August2000

11.4

4.5

Room6

April 2000

August2000

10.4

4.5

Room?

May 2000

August2000

12.4

3.2

(a) Data represents room center convergence points current though November 2001. Data
compiled by MINEPLOT.EXE software (Westinghouse Geotechnical Engineering, 1998).

2.5.1

Panel 2 Support System Conditions

The excavation of Panel 2 is relatively new. Ground conditions are excellent overall and
there has been little need to install ground control. As mentioned in section 2.6, shallow
drummy ground has been addressed using short mechanical rockbolts and chain-link wire
mesh. There is a program currently in progress to install chain-link mesh anchored with
mechanical rockbolts over the entire back of Panel 2. This action is being taken for
operational reasons to reduce the amount of hand scaling and spot bolting that would be
needed if the chain-link mesh were not installed. If the need arises in the future to
perform additional ground control on the back, this bolt and mesh system would be used
as 1the foundation for the additional system. Since the rockbolts do not penetrate clay G, it
is anticipated that little future maintenance will be needed on the bolt and mesh system
currently being installed.

2.6

Opening Dimensions

Most of the underground openings are rectangular in shape. The dimensions or crosssectional areas of the various drifts, rooms, and alcoves in the underground differ,
primarily as a function of use. The geometry of an opening, the stratigraphic location of
the opening, and the layout and geometry of surrounding excavations each play a role in
the performance of that area. The opening dimensions of each zone are provided in
Table 2-1. The dimensions listed are generally "as mined" and will vary slightly because
of original mining tolerance; closure from the creep process; and maintenance activities,
such as scaling and milling. Major changes to geometry, such as the roof beam removal
in the E300, E140,. E0, W30, and W170 drifts, are represented in annual updates to the
tables. A beam of salt is present between the roof of an excavation and the nearest
anhydrite or clay seam above it. The height and stratigraphic location of the excavation
determine the thickness of the beam. The structural relationship between the thickness of
this beam and its width, its width being equal to the opening width, was evaluated. In
general, the thicker and shorter a beam is, the more structurally competent it is.
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It may be possible to mine some excavations to geometries that enhance their stability.
However, localized geologic conditions will always be a factor in opening stability, and the
future use of an area must be considered in all design and ground control efforts.

3.0

MONITORING AND EVALUATION

The assessment and evaluation of the condition of WIPP excavations is an interactive,
continuing process involving a wide variety of data. These evaluations can be as simple
as the required daily visual site checks by personnel working in an area or as complex as
the expert review of room 1, Panel 1 (U.S. Department of Energy, 1991 a). The
Geotechnical Engineering group gathers and evaluates data from various sources on a
daily and weekly basis. A bimonthly underground geotechnical assessment report is
prepared, as is the annual Geotechnical Analysis Report. An in-depth evaluation of all of
the accessible underground is performed on an annual basis as part of the preparation of
this plan. These evaluations are based on visual observations by Geotechnical
En~Jineering personnel, analyses of instrumentation data, observation borehole data, and
roclkbolt failure patterns.
Special assessments are performed as needed. For example, assessments are
performed prior to emplacement to clear areas for waste disposal operations. When this
is done, limited areas are examined and evaluated and, if appropriate, approved for
emplacement operations for a specific time period.
Remote monitoring of geotechnical conditions and ground support systems in selected
closed locations (e.g., room D) is also being performed. The monitoring continues to
assist in evaluation of systems as they age and trend toward failure. It is intended that
data from these zones will provide predictive information on ground falls in areas with
installed roof-support systems. To date, there have been no roof falls or accelerations in
closure rates in these areas.

3.1

Overall Geotechnical Evaluation Process

One of the more difficult aspects of ground control is determining and evaluating the
criti~ria that dictate when ground control actions should be initiated. The identification of
potential instabilities is essential to maintaining a safe underground environment. Ground
control can be expensive and, in some instances, ground control measures can actually
have an adverse effect on the in situ conditions (e.g., the breakup of a beam associated
with installation of rigid bolts). Therefore, it is prudent to be as rigorous as possible in
determining when to initiate ground control actions and what those actions should be.
The process followed at WIPP includes evaluation of general categories of information.
These categories include:
•
•
•
•

Collection and analysis of geomechanical instrumentation data.
Evaluation of the performance of installed ground support systems.
Evaluation of physical observations.
WIPP-specific experience.
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Each category is evaluated independently and comparatively to the other categories.
With respect to Panel 1 and the waste haulage routes leading to the panel, emplacement
schedules must also be considered for logistic purposes. Criteria for corrective action are
continually reevaluated and reassessed based on total performance to date. Actions
taken are based on these analyses and planned use of the excavation.

3.1 . 1

Collection and Analyses of Geomechanical Instrumentation Data

Instrumentation data provide quantitative information on rock movement in and around an
opeining. Convergence and extensometer data are collected on a continuing basis. This
information is plotted as displacement versus time and as rate of displacement versus
time. These data are analyzed concentrating on trends in rates and changes in patterns
as indicators of instability. For example, long-term data may indicate a consistent closure
rate in a particular area of approximately 0.5 inch per year. A significant acceleration in
this rate may be a sign of developing instability.

3.1 . 2

Evaluation of the Performance of Installed Ground Support Systems

Installed support systems are monitored for performance through various means. Visual
inspections are performed on a regular, periodic basis. In most cases, one component of
a system will show evidence of strain before failures are seen in a system. For example,
as support systems age it is typical to observe dimpling or cracking of bearing plates
before bolt or other component failures. In addition, selected support components may
have instrumentation installed on them to assist in monitoring system integrity. When bolt
or component failures occur, these are closely tracked, and the failed bolt or component is
replaced when it is a part of the active ground support system in the area.
Bolt or component failures alone do not necessarily indicate an unstable situation.
Because of the deformation process associated with creep, it is known and expected that
bolts will fail through time. The age of the in-place ground support system, as well as the
roof beam expansion rates and relative stratigraphic offset rates for the area of interest,
must be considered when evaluating system performance. Knowledge of the mechanical
properties of support system components and experience with the systems in the WIPP
environment allows projection of how the system should perform under specific
conditions. When a ground support system is performing in a manner inconsistent with
expectations, attention is increased and appropriate actions taken.

3.1 . 3

Evaluation of Physical Observations

Physical observations generally include surface fractures, fractures within boreholes,
offset in boreholes, spalling, and any other visually detectable behavior of the ground
condition. Similar to the other data, anomalous behavior, such as accelerations in fracture
development or increased slabbing, is an indicator of potential instability.

23

orking Copy

Ground Con

3.1 . 4

I Annual Plan for the Waste lsol
DOE/WIPP 02-3212 Rev. 0

)n Pilot Plant

WIPP-Specific Experience

With 18 years of site-specific experience at the WIPP facility, many of the ground
conditions observed are familiar. Patterns and behavior are observed and compared to
qualitative and quantitative expectations. Deviations of any type are investigated and
resolved using instrumentation and modeling techniques. "Lessons Learned," such as
resiin anchor position, aid in the development and understanding of behavior patterns.

3.2

Waste Disposal Area Evaluation and Acceptability

The process of determining acceptability of an area for waste emplacement operations
and disposal involves an evaluation of projected geotechnical stability for an area for a
specific period of time. As in other areas of the facility, roof stability is of primary interest,
while rib and floor stability is secondary. Each determination considers performance of
the underground excavation, the geomechanical instrument data, performance of any
installed ground support, and physical observations. Expected overhead clearance and
floor stability are also documented.
Acceptability of an area for waste emplacement is determined upon completion of the
evaluation process. If the area is found to be acceptable, a time period is determined
during which emplacement operations may proceed before another detailed, specific area
acceptability evaluation is required. Present plans assume no more than two areas at a
time will be cleared for emplacement and that acceptability periods will not exceed
one year. Waste receipt rates will affect the size of the areas cleared (i.e., low waste
receipt rates will result in smaller areas being cleared as acceptable for emplacement).
Geomechanical monitoring, support system monitoring, and physical observations will
continue as long as physically possible during the waste emplacement operation. A
reevaluation of an acceptable area will immediately be performed should conditions or
data show unexpected behavior of the ground.
This evaluation process is common at the WIPP site. It supports planning and integration
of operations processes relating to waste emplacement and room closure. This process
is detailed in the document Operational Guidance for Waste Disposal Area Acceptability
and Closure (Garcia, 1997).

3.3

Visual Assessment

A two-person team from Geotechnical Engineering performed a visual assessment of
areas of the underground facility in June and December 2001. The conditions of the roof,
ribs, and floor were assessed in each ground control zone and were graded on a relative
basis. For the purpose of these evaluations, lower numbers represent better conditions
(i.e., "1" is better than "2"). The roof was evaluated with respect to low-angle fractures,
scaling, and longitudinal (subparallel and parallel) or transverse (rib-to-rib) vertical
fractures, and then graded on a scale of 1 to 5. The ribs were evaluated on a scale of 1 to
3 based on their general condition, and it was noted if they had been mechanically scaled.
The floor was evaluated with respect to heaving and fracturing and graded on a scale of 1
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to 3. It was also noted if the floor had been milled. As a general rule, scaling and milling
actiivities remove small amounts of ground and are unlikely to have a significant effect on
closure rates and the overall stability of the area.
Each zone was divided in half down its length. If an area was north-south running, an
assessment of the east side and the west side was performed. An east-west running
zone was evaluated on its north and south sides. A summary of these evaluations is
giwm in Table 2-2.
The roof of an area was taken as a whole with regard to longitudinal or transverse (rib-torib) vertical fractures. A few vertical fractures may be an indicator of advancing
deterioration, but they do not constitute reason for immediate remediation. Areas
containing vertical fractures are closely monitored both mechanically and visually. The
type and extent of these fractures will affect the ground control system chosen for a given
area. An area with only a few longitudinal fractures could probably be supported with a
standard bolt system; whereas an area with extensive, connected fracturing, suggesting a
breakup of the beam, might require a more extensive supplemental support system.
Areas receiving higher numbers, based on the visual assessments, warrant closer
monitoring. In these cases, the ground conditions are monitored more frequently, and
additional instrumentation is installed when appropriate. At a minimum, areas with a longterm projection rating of "3" are formally reviewed quarterly, those with a "2" are reviewed
semiannually, and those rated as "1" are reviewed annually. When it is determined that
ground conditions have reached a point where a safety hazard could develop in the short
term, mitigation actions are implemented.

3.4

Observation Boreholes

ThB presence of horizontal offsetting (visible in boreholes) confirms lateral movements in
the roof beam. Horizontal offsets occur in association with low-angle fractures and at clay
seams. The greatest rate and magnitude of the observed offsets is near the ribs, and
they generally decrease toward the longitudinal centerline of the room. Initially, the
portion of the borehole from the collar to the offset moves toward the center of the
excavation. It is not unusual for a highly fractured area to exhibit significant asymmetric
lateral movement. For example, once low-angle fracturing on one side of the room
extends to the first clay seam, the entire beam then usually moves toward that side of the
room.
A majority of rockbolt failures are related to the lateral movement of the roof beam. Most
of the rockbolts at WIPP penetrate the first clay seam above the roof. Analysis of data
from observation holes, offset-load testing of rockbolts, borehole camera investigations,
and overcoring of failed rockbolts assists in understanding the relationship of stratigraphic
offsetting with rockbolt failure.
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Geotechnical Instrumentation

The purpose of the geomechanical monitoring program is to provide in situ data to support
continuing assessments of the behavior of the underground facilities. Specifically, the
program provides:
•

Early detection of conditions that could compromise operational safety.

•

Evaluation of room closure that could affect operational performance.

•

Guidance for design modifications and remedial actions.

•·

Data for interpreting the actual behavior of underground openings, in comparison
with established design criteria.

•

Data on which to base an accurate assessment of the mechanisms of
deformation and fracturing that is taking place.

•

Compliance with applicable regulatory requirements.

Geotechnical data collected from each specific ground control zone are evaluated to
determine if conditions exist which would warrant closer (or possibly immediate) attention
from a ground control standpoint. For the long term, roof expansion rates and the
expected life of a zone are important criteria to be considered when selecting ground
control measures for that zone.
Manual and remote measurements of roof-to-floor and rib-to-rib closure are taken
throughout the underground on a routine basis. In addition to closure data, extensometer
data are also collected. Extensometer data, combined with information from observation
holes, assist in the analyses of separations at clay seams and of expansion within salt
roof beams. For the purpose of this document, a comparison of closure rates is
performed annually. An increase in the closure rate does not necessarily indicate a
problem, but does draw attention to that area and provides an additional data point for
evaluation. A summary of this assessment is presented in Table 2-2; a "Y" (yes) indicates
that the measured closure rate at any convergence point within the area has increased
more than 5 percent for the annual period ending October 31, 2001, as compared to the
annual period ending October 31, 2000.

3.6

Ground Support System Monitoring

Instrument monitoring of ground support systems is also an integral aspect of the ground
control program. Typical ground control instrumentation in use includes load cells, strain
gages, and joint meters. Yielding components, such as load indicators, slipnuts, pipe
collars, and yielding rockbolts, provide additional monitoring capabilities.
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Load Cells

Load cells provide a quantitative measurement of the axial load on an individual rockbolt
or other component of a ground support system. Load cells are installed on cable
systems used to support brow areas at the Waste Shaft and Air Intake Shaft (AIS) Station
areas and the EO overcast. Load cells are also installed on rockbolt support systems in
other areas of Panel 1, E140, and in room D. Load cells included in yielding support
systems, such as the yielding cable bolt installations, monitor whether the systems are
performing as intended (i.e., yielding at their designed loads) or not.

3.6.2

Strain Gages

Some supplemental bolt patterns incorporate systematic arrays of rockbolts equipped with
strain gages. The strain gage data provide a variety of valuable information that includes
evaluation of areal effects of creep-related closure loading on the ground control system,
the ability to determine when the bolts reach their yield point, and comparison of strain
gage data to load cell data.

3.6.3

Yielding Components

Yielding components, such as slipnuts, load indicators, pipe collars, and yielding cable
bolts, are incorporated into several of the ground support systems in the facility. The
primary purpose of these components is generally to allow the system to yield with the
creep-related deformation of the formation. However, because the components are
designed to yield within specific load ranges, they also provide an indication of the load on
the system. These components are visually monitored to determine the rate and degree
of yield on the system.

3.6 . 4

Joint Meters

ThE~ joint meters used at WIPP serve primarily to monitor fracture growth. However,
several meters monitor strain in the cables of cable mesh support systems.

4.0

WIPP GROUND CONTROL ISSUES

The primary objective of the WIPP ground control program is to provide a safe
environment for personnel and equipment in a manner consistent with the operational
objectives of the facility. This means that ground control issues at WIPP fall broadly under
two main categories: safety concerns and operational impacts. Under these main
categories are many sub-issues, which are addressed or evaluated when making ground
control decisions. These issues include, but are not limited to, the following:
•

Waste disposal schedules, including the rates at which waste is received. This is
of particular interest with respect to Panel 1 because of its age.

•

Waste disposal operations in general, such as maintaining operating clearances.
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•

Regulatory compliance issues.

•

Age and life expectancy of areas requiring ground support.

•

Roof beam failure scenarios (failure modes and mechanisms).

•

Monitoring methods and resultant data, including formation monitoring and
ground control system monitoring.

•

Ground control system selection and design.

•

Ground control system performance characteristics in relation to formation
movement, formation failure modes, and system component failure modes.

•

Timing of implementation. Supplemental systems are installed or alternative
actions implemented when evaluation indicates a potential for unstable conditions
and well before a hazardous condition exists.

4.1

Roof Beam

The roof beam, as defined in Section 1.0, receives the greatest amount of attention
regarding ground control because of its related safety concerns. An unexpected roof fall
presents great potential for harm to personnel, equipment, and waste containment
systems. The issues highlighted above and the vast majority of ground control activities
are related to monitoring, evaluation, and corrective action of roof stability concerns. The
safety and operational issues of floor heaving and spalling of the ribs are also addressed.

4.1 . 1

Time-Dependent Degradation and Roof Beam Fracture Development

A uniform stress field exists in the rock prior to mining. When an excavation is made, that
stress field is disturbed, creating differential stresses that cause creep and, as a result,
closure of the room. With time, the stresses close to the excavation are relieved by
deformation of the salt into the excavation. Strata interfaces such as clay and anhydrite
seams do not provide much, if any, shear resistance, resulting in differential stresses and
related strains developing above and below the interfaces. This differential movement
concentrates the stresses in the beam and, over time, produces lateral offsets, including
holes crossing the offset horizon. The concentration of stresses and strain in the roof
beam may reach values high enough to initiate the fracture process. This process can,
and commonly does, culminate in the form of low-angle fractures near the rib side.
Gravity and creep-related deformation produce a downward bowing of the beam most
prominent near the center of the opening. The sagging of the beam, coupled with the
horizontal forces and orientation of bedding planes, creates a horizontal or sub-horizontal
echelon fracture sequence (i.e., the initial fractures are offset to the left or right of each
other like a series of steps). These fractures ultimately connect to form extensive lowangle fracture zones. They terminate where they reach a discontinuity in the stratigraphy,
such as a clay seam. This fracture pattern is common in salt and potash mines and is
illustrated in Figure 4-1. Observations made during the beam-removal activities in the
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E 140 drift indicate that if separation at clay G occurs, that separation may be located near
the upper terminus of the low-angle fracture as opposed to in the center of the drift as
depicted in Figure 4-1.
Once a low-angle fracture on one side of the room is fully developed, movement of the
beam is predominantly toward the low-angle fracture because it is the point of least
resistance. A cantilever is formed that is wedged downward as it moves horizontally.
Installed rockbolts have a tendency to cause a tensile fracture to develop along the thin
ed~Je of the wedge as shown in Figure 4-2. As one end of the cantilever is forced down,
tensile fractures may also develop at the top of the beam on the opposite side of the
room.

4.1.2

Roof Beam Failure Patterns

The fracture mechanisms described have proven to be consistent in areas experiencing
advanced degradation of the roof beam. The monitored roof falls in SPDV rooms 1 and 2
indicate that a detached section of a roof beam will be somewhat of a wedge shape.
Observations of the fracture patterns exposed during the beam removal process in the
E140 drift confirm this mode of failure. Knowledge of the type of failure that can be
expected in the roof beam aids in the design of ground support systems. For example,
support systems designed to support the entire cross-sectional area of the roof beam are
considered conservative, based on a wedge-type failure. Figure 4-2 illustrates the types
of fracture patterns and bolt deformation that are typically observed in the roof beam.
(The offset of the bolts as shown in the figure is exaggerated for illustrative purposes.)
Keeping the end of the resin column approximately 1 foot (0.3 meter) above the clay
seam rather than flush with it, the bolts are subjected to a less severe bend as a result of
offset. Observations also show the salt to flow around the bolts, resulting in a less severe
bend.

4.2

Rib and Floor Maintenance

The ribs and floor of the underground openings do not have the potential for becoming a
safety hazard to the extent that the roof does; nonetheless, safety issues can develop and
are addressed. Examples of potentially unsafe conditions include spalling rib rock,
tripping, and transportation hazards associated with floor heave. Rib and floor maintenance is also performed to address operational concerns. Ribs are scaled with a
mechanical scaler or continuous miner as a necessary part of routine maintenance
activities, and some areas have mesh installed to control minor spalling. Because the
drins are also travelways, the floors are periodically milled as necessary to maintain a
relatively smooth surface.
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Figure 4-1. Generalized Fracture Development Sequence
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TENSILE
FRACTURE

Figure 4-2. Typical Roof Beam Fracturing
Floor preparation is a planned activity in support of waste emplacement. Floors will be
trimmed to provide a flat, smooth working surface and to ensure appropriate working
clearances. As an example, in the case of Panel 1 room 7 and S 1950 rooms 1 through 7,
more than two feet (0.6 meter) of floor in some areas was removed using the continuous
miner. Removing this amount of material required a transition ramp down into the room.
Maintenance of the ribs and floor is generally considered separately from the roof when
making ground control decisions for specific areas. Removal of fractured floor material
has been shown to have a small effect on the geotechnical response. Although the
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effects should be minimal, any intact rock removed from the ribs and floor does have the
potential to affect the geomechanical response in the immediate area.

4.3

Rockbolt Failures

Rockbolt failures have occurred throughout the underground facility. Initially, many of the
failures were bolt head failures. Currently, the majority of bolt failures appears to be
associated with lateral movement at clay seams and fractures. In addition, the majority of
bolt failures to date have involved mechanical-anchor rockbolts, which is primarily related
to their age, quantity, and date of installation with respect to date of excavation. However,
systems employing threaded-bar bolts are aging, and failures of these bolt types are also
increasing. Many current bolt failures, particularly mechanical-anchor rockbolts in
Panel 1, are from systems considered inactive since they have been superseded by
supplemental systems.
Observable rockbolt failures are recorded, and a database on failure locations and modes
of failure is maintained. Much has already been learned from the analysis of past bolt
failures, and as the information base increases, so does understanding of the failure
mechanisms involved. Documentation and tracking of these failure patterns assist in
short- and long-term ground control planning by highlighting problem areas. This system
also provides a means by which to identify trends of bolt failures that may be correlated
with installation methods, geometry, mining sequence, and other variables. Figure 4-3
presents a graphical representation of rockbolt failures by type. The overall reduction in
bolt failures from 1995 to 1996 represented by the graph is primarily a function of area
closures. The increase in total failures in calendar year 2000 is a function of age of
installed systems, increased closure rate in Panel 1 as a result of Panel 2 excavation, and
failed bolts that were included from newly reopened areas in the north end of the facility.
In addition to tracking the rockbolt failures, a limited rockbolt failure investigation program
was implemented. Studies have also been undertaken to address corrosion and loading
effects on the premature failure of support system components.
Extensive testing has been performed on the types of rockbolts and rockbolt material
used at WIPP (Lucas, 1984; Deoras, 1992; Chua and Lovato, 1994; Stoller Corporation,
1995). These tests were conducted to determine the failure mechanisms associated with
premature bolt failures and conditions that contributed to those failures.
Testing was performed to evaluate the effects of corrosion and its relationship to
premature failures. The test results indicated that corrosion did not play a major role in
the early failure of bolts (e.g., bolts with a life span of five years or less). However, the
mechanical-cyclic stress loads the bolts are exposed to while they are under high tensile
load (that load sometimes being in excess of the bolts' yield limits) result in fatigue failure.
A materials evaluation of the mechanical-anchor-type rockbolts and the threaded-bar
rockbolts used at WIPP revealed that there was considerable variation in content (e.g.,
carbon content) from bolt to bolt. The variability in content is within design specifications;
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however, each bolt may respond differently, to some degree, under similar loading
conditions.
Early pull (tension) tests performed by R. M. Stewart and detailed in his report, "Rock Bolt
Certification Tests in Salt," concluded that resin-anchored threaded bar bolts had superior
holding capacity to mechanical-anchor (expansion shell) bolts. The report also concluded
that the resin-anchored bolts were well suited for high tensile loads in salt as well as high
shHar loads in salt. More recent testing performed at the WIPP site, along with
experience with full scale emplacements, confirm the capabilities of these bolts.

4.3.1

Control of Broken Bolts

Th«~ failure of rockbolts in the underground is a common experience, averaging one or two
a day. Because of the safety factor calculated into the ground support design, a
substantial number of adjacent bolts would have to fail before the integrity of the system
would come into question. Therefore, the failure of a rockbolt per se does not pose a
hazard from a ground control standpoint. However, there is a potential hazard associated
with personnel or equipment striking or being struck by a failed bolt. Over the years,
several methods of controlling the falling bolts have been tested, with varying degrees of
success. Methods used have included expanded metal wire mesh to hold the bolt in
place and various lanyards made of wire, chain, or steel cable to catch a broken bolt. The
wire mesh method made it difficult or impossible to identify when a bolt had failed. In
high-use areas and areas where bolt breaking is being observed, a secondary attachment
of the rockbolts to the roof is provided. A lanyard (safety wire, cable, or chain) is installed
on the rockbolt to prevent it from falling to the floor should it fail. In most cases, the
lanyards appear to work well and make identification and removal of a broken bolt
relatively easy.
As a result of the field testing process, a lanyard system has been identified that produces
excellent results for the control of broken bolts. The system consists of steel wire rope,
7x'l9 strand core, 1/8 inch in diameter. The wire rope is configured to a length of
approximately 18 inches with loops at each end that will snugly fit on a bolt head. The
wire rope is passed through a cable thimble in the existing wire mesh and both loops are
attached to the head of the bolt. While there have been numerous bolt failures with this
cable configuration attached, the lanyard has prevented the rockbolt from reaching the
ground better than 90 percent of the time.
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Figure 4-3. Rockbolt Failures by Type
4.4

General Operational Issues and Considerations

Long-term ground control plans are related to the excavation age and operational use of
specific areas. When designing a ground control system, the physical access requirements, as well as the geomechanical properties of an area, must be considered.
Table 2-1 lists the current use of each ground control zone. Some forms of ground control
may not be practical in certain areas, such as shops or offices. Section 3.5 addresses the
ground control issues that must be considered with regard to waste disposal. The
projected life of an area is also directly related to its use. Some areas may have to be
supported for only a few years; other areas may require support for decades. In areas
that require support for long periods of time, for example, the life of the facility, various or
multiple support systems will probably be required and installed during that time.
4.4.1

Excavation Age and Projected Life

Excavation of the underground facility began in 1982, and over 60 percent of the existing
openings were completed by the end of 1984. The average age of a·n opening is
15.5 years, with some openings being over 19 years old. Table 2-1 lists the current age
of each ground control area. The age of an excavation is important with respect to ground

34

orking Copy

Ground Con' 'I Annual Plan for the Waste lsol
DOE/WIPP 02-3212 Rev. 0

':m Pilot Plant

control because of the amount of deformation that has already occurred and the amount
that is anticipated to occur during its projected life.
Some underground openings at WIPP (e.g., the main entries) must remain accessible for
50 years or longer. This life expectancy is based on 17 years since excavation and a
35-year operational life after receipt of waste (U.S. Department of Energy, 1998). With
this time frame in mind, support system selection must consider creep-related deformation
and support of the beam. Beam removal is an option for long-life areas. The age of an
excavation at the time a support system is installed and the age of systems in place are
factors that are considered when evaluating the long-term effectiveness of those systems.
Based primarily on its operational use and projections for receipt of waste, an estimated
life was assigned to each zone. Three categories, short-term, intermediate, and longterm, were established for this purpose. These projections are an additional tool used in
the ground control selection process. The criteria for these designations include the
following:
•

Short-Term (ST)-A projected life of less than 10 years. This designation
includes waste disposal rooms.

•

Intermediate (I) - A projected life of 10 to 15 years. Special use areas such as
maintenance shops are included here. Shops will be required for the life of the
facility, but because of creep-related closure, it is assumed that they may be
relocated or renovated periodically.

•

Long-Term (LT) -A projected life of up to 50 years or the life of the facility. This
designation covers all areas critical to the long-term operation of the facility.
Shaft stations, main ventilation drifts, and main access and haulage routes fall in
this category.

These projections use the excavation date as a start time. If the current use of an area
changes or if the rate of waste receipt is delayed significantly, designations for specific
zones may be adjusted (e.g., a short-term area may change to an intermediate). Areas
deactivated are designated as closed and have no projected life. The closed areas could
be reactivated if needed.
These projections are informal and conditional and are used solely for the purposes set
forth in this plan, primarily ground control planning. Table 2-1 lists the projected life of
each zone.

4.4.2

Operational Designations

Excavations are categorized according to their primary function, which is identified in
Table 2-1. The following is a list of operational categories and a brief explanation of how
the category is addressed regarding ground control.
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•

Shops and Offices - Maintenance and fabrication shops exist to support
underground operation. Office areas are located in various alcoves and
crosscuts. Shops and offices are considered transient. They may be moved as
an alternative to maintaining long-term ground control.

•

Ventilation - Proper ventilation is critical to underground operations. All open
drifts are involved in the ventilation plan, and ventilation is the primary function of
some drifts. Overcasts present an atypical opening geometry that requires
special ground control consideration. The main ventilation drifts will require
maintenance for the life of the facility.

•

Haulage Routes - These drifts serve as transportation routes for mined salt,
materials, personnel, and waste. Main haulage routes will require maintenance
for the life of the facility.

•

Waste Disposal - The panel rooms and panel access drifts are listed under this
category. Ground control decisions for new waste disposal areas will be based
on a maximum life of five years from the time of excavation and ground control
decisions assume an anticipated life of 20 years from the date of initial
excavation.

•

Experimental - For the most part, the experimental areas are closed to access
although some areas have recently been reopened for salt disposal. The
accessible experimental areas are on the disposal horizon and are considered to
have short lives. Future experimental uses may require new excavation.

•

Access Drifts - Some drifts are excavated to provide access to other areas.
These drifts are evaluated based on the requirements of the areas they serve.

•

Shaft Stations - The four shaft stations will require ground control maintenance
for the life of the facility.

•

General Storage - Storage space for materials and core samples is considered
transient. These areas may be moved as an alternative to maintaining long-term
ground control.

•

Substations - Electrical substations are located in alcoves throughout the facility.
Ground control decisions for the alcoves are related to the main drifts to which
they are adjacent.

•

Cross Drifts - The cross drifts that connect the main north-south running haulage
and ventilation drifts serve various functions. These drifts are used to provide
space for operational and machine maintenance, transportation routes or access,
and routing of ventilation and utility systems. These areas are evaluated on a
case-by-case basis.
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Issues Specific to Panel 1 and Future Waste Disposal Panels

Panel 1 excavation was completed in 1988. A chronology of Panel 1 ground support is
shown in Table 4-1. Ground control is implemented in the panel in a manner similar to the
rest of the facility based on a policy of applying the most appropriate technology to the
issue at hand. Occasional ground control scaling may be required for a particular room.
During waste handling operations, frequent inspections and assessments will be
performed to ensure that room performance is as anticipated, and if not, appropriate
actions will be taken. Once waste is emplaced, access to the filled area will no longer be
possible. The implication of this is that ground control systems installed at the time of
waste emplacement will be designed to support the area until the room is closed. If, for
any reason, a roof fall in a panel room filled or partially filled with waste were to be
predicted, appropriate actions will be implemented.
The waste receipt schedule is a crucial parameter in making ground control decisions
relative to Panel 1. Because of the age of the panel and the continuing deformation taking
place, the timing of waste emplacement will affect the support requirements relative to
each room. Support projections for the disposal areas are developed based on the most
current schedule provided by the Carlsbad Field Office. Deviations from the schedule can
affect ground control preparation and other predisposal activities in two ways: ( 1) if waste
receipt is accelerated, there may not be adequate time to install ground support systems
as planned; and (2) if receipt is delayed, the ground control methods planned may have to
be supplemented with additional measures to support the new time frame.
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Table 4-1. Chronology of Panel 1 Ground Support
Y1ear of System
Installation

5.0

System Description

Area of Installation

1988

Ten-foot-long mechanical-anchor
rockbolts

Rooms 1, 2, 3, 4, 5, and 6

1988

Six-foot-long mechanical-anchor
rockbolts

Room 7, S1600, and S1950

1991

A layered support structure of welded
wire mesh, expanded metal, channel
steel, and threaded-bar bolts

All of Room 1

1992

Variation of Room 1 system

Parts of Room 2

1994

Supplemental system of 13-foot-long
No. 7 threaded bar with full-load nuts

All of Room 7 and the S 1600 drift

1994

Supplemental system of 13-foot-long
No. 7 threaded bar with slip nuts

North half of Room 4

1994

Supplemental System of 12-foot-long
No. 7 threaded bar with full-load nuts

All of Room 5

1995

Supplemental System of 12-foot-long
No. 7 threaded bar with full-load nuts

South half of Room 4 and all of
Room6

1996

Supplemental system of 13-foot-long
No. 7 threaded bar with full-load nuts

All of Room 3

1997

Cable slings (wire rope cables run
from rib to rib)

Room 6 and Room 7

1997

Supplemental system of 13-foot-long
No. 7 threaded bar with full-load nuts

S 1950 (except between Room 6
and 7)

1998

Wire rope lacing in conjunction with
13-foot-long No. 7 threaded bar with
full-load nuts

Room 7 and S 1600 and 1950
between Rooms 6 and 7

1998

Cable slings

Center half of Room 5

1998

Cable slings

Center half of Room 4

1999

Cable slings

S 1600 Between Rooms 3 and 4

2000

Supplemental system of 12-foot-long
No. 7 threaded bar with full-load nuts

South entry to Room 1

2000

Cable slings

Remaining areas of S1600
between Rooms 1 and 6

2001

Supplemental 12-foot threaded bars
and mats.

S 1950 from Rooms 1-6 and
Rooms 2 and 3

GROUND CONTROL OPTIONS

The objective of each ground control option is to provide safe, geotechnically stable
access for personnel and equipment while maintaining disposal capabilities. The options
available to meet this objective involve providing internal support (e.g., bolts of various
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kinds), external support (e.g., cribs), or removing the roof beam. Internal support does not
generally influence the use of an excavation. External support, because it occupies part
of the excavation itself, reduces (perhaps considerably) the use that can be made of an
excavation. Closure of selected areas is an administrative choice in lieu of ground control
options, but in this case access and use are lost. Restated briefly, these options are
(1) support the ground, (2) remove the ground, or (3) close the area.
With respect to supporting the ground, the ground control program has developed an
extensive database of WI PP-specific information on ground control systems. Monitoring
of installed supplemental systems will continue to provide a larger information base for
ground control system selection. In addition to in situ testing, laboratory testing is
performed as necessary to evaluate alternative options for ground support. Selection of
the type of ground control to install or implement is based on several criteria, which
include the following:

•

Planned life of the area to be supported
Degree of ground deterioration
Current or planned use of the area
Time and cost associated with installation or implementation

5.1

Internal and External Support Systems

•
•

•

The majority of ground support in currently accessible areas of the underground is
provided by internal systems. Internal systems offer the least interference with respect to
operational concerns, such as waste handling activities. At WIPP, internal support
systems consist of cable and solid rod bolting systems.
ThEi primary purpose of pattern bolting is to support the roof beam or, more accurately, a
portion of the roof beam, should it become detached as a result of fracturing. A variety of
rockbolt patterns exist throughout the underground at WIPP. The design of the patterns is
based on the width of the opening and the thickness of the roof beam. Creep-related
deformation of rockbolts creates a problem that is not common to standard ground
support design practice. Normally, a rockbolt pattern is designed such that the dead
weight of the rock, with a factor of safety included, does not exceed the yield limit of the
bolts. In rock such as halite, the mechanism of creep-related closure may put the bolts
into yield as soon as one year after installation, regardless of the number of bolts installed.
This may happen sooner if bolts are installed immediately after excavation, because the
highest strain rates around a new opening are recorded immediately after the opening is
excavated. These rates typically taper off to near steady state after approximately one
year.
Creep at WIPP also produces an offset of the strata at the first clay seam above the roof.
The clay seam, with no inherent strength, allows a separation between the roof beam and
the strata above it. Different stress conditions above and below the seam produce
differential strain rates, which results in an offset at the stratigraphic boundary. This offset
eventually places a lateral load on the bolts, which may reduce their axial load capacity.
The creep-related parameters in support system design further complicate the selection
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process. In addition to the dead weight of the material to be supported, roof expansion
rates, installation time with respect to excavation date, offset, and bolt load/elongation
properties must be considered in any support design.
External ground control options rank low when evaluating support systems for WIPP
applications because (1) there is no evidence at this time that external systems offer
substantial performance advantages over internal systems, and (2) external systems are
much more intrusive from an operational interference standpoint. The type of external
support most often used in the mining industry is cribs. For cribs to be effective, they
would need to be extensive, which severely restricts disposal area, ventilation airflow, and
operational maneuverability. If stiff cribs are used sparingly to support specific areas, they
may cause local stress concentrations and promote further breakup of the roof beam.
An option being evaluated includes placing external support among the waste package
systems in the waste disposal rooms. This external support may consist of corrugated
metal tubes filled with salt or other material that would provide additional support to the
roof as closure occurred.

5.1.1

Mechanically Anchored (Expansion Shell) Bolts

Historically, the majority of ground control efforts used mechanically anchored bolts,
particularly for pattern bolting of the roof. The current and projected use of mechanically
anchored rockbolts in the underground is now limited in scope. The majority of currently
planned tasks call for the use of resin-anchored threaded-bar bolts and chain-link wire
mesh as the primary roof beam support elements of a system, in conjunction with
mechanical-anchor bolts near the ribs to control drummy ground and spalling. Short
mechanical-anchor bolts are employed for hanging mesh to control drummy ground and
spalling of the ribs and roof. Another use of the mechanical bolts is spot bolting of an area
where limited size and specific conditions warrant a small-scale bolting effort. Ground
conditions and operational considerations will require the limited local use of mechanically
anchored bolts for the foreseeable future.

5.1 . 2

Threaded-Bar Bolts

Threaded-bar bolts with a limited-length resin anchor (e.g., 3 feet or 0.9 meter) are used
for area pattern bolting as opposed to limited spot bolting. For large areas needing roof
support, pattern bolting with No. 7 (7/8-inch or 22-millimeter diameter) or No. 8 (1-inch or
25-millimeter diameter) threaded-bar bolts is the primary support system. Partially resinanchored threaded-bar bolts provide load-bearing capacity and ductility superior to the
mechanically anchored bolts historically used in Panel 1 and elsewhere at WIPP.
The threaded bars are anchored above the first clay seam to provide direct support of the
roof beam, and are commonly used in conjunction with mesh to contain smaller pieces of
rock that may detach from the roof. Where a broader spread of support is required, a
combination of resin-anchored threaded bar and steel cable or roof mats is typically
installed, at brows for instance.
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Yielding Systems

A variety of yielding systems are in place in the underground as small-scale and full-scale
test emplacements. Yielding components such as Titan Load Indicators and yielding pipe
collars installed on threaded-bar bolts or cable bolts allow the system to yield with the
creep-induced movement of the rock while at the same time maintaining load support.
These systems should have a longer effective life with greater integrity by yielding to the
cre,ep process rather than resisting it. Cable bolts also have an application in areas where
roof height makes installation of a long, rigid rockbolt difficult. Yielding cable bolts with
rated yield ranges from 20,000 to 60,000 pounds are being tested.

5.1.4

Cable Mesh or Lacing

This support system is an integrated bolt/mesh/cable system. First, wire mesh is installed
on the roof, followed by a grid system of wire ropes run transversely and longitudinally to
form a square pattern. The wire ropes are woven under and over each other to form a
fabric or lacing. Finally, threaded-bar bolts are installed through the lacing. By design the
bolts bear the entire load. The mesh and cable components tie the system together and
distribute bolt load capability over the entire roof surface. Cable lacing systems have
provided effective surface control in areas that are highly fractured. This type of system
was installed in portions of Panel 1 and is performing as designed with no component
failures to date.

5.1.5

Room 1, Panel 1, Support System

This type of system provides a high level of confidence for ground control. A layered
support structure of welded-wire mesh, expanded metal, channel steel, and partially resinanchored threaded bar provides intensive support. Load cells incorporated into each
rockbolt provide load monitoring capability. Because of the cost of installation and longterm maintenance associated with this type of system, it does not lend itself to general
ground control applications. This type of system has provided approximately nine years of
satisfactory performance.

5.1.6

Cribs

Cribs have been used to a limited extent in areas currently closed to access. The primary
intended function of the cribs is to limit the extent of a roof fall that may occur in areas
wh1ere continued ground control activities are no longer being performed (i.e., at the
perimeter of closed areas).

5.1.7

Jennmar Roof Mats

Jennmar Roof Mats (light gage metal straps) can be used to replace cable slings. The
mats are typically installed in a rib-to-rib configuration. Resin-anchored thread bars are
used in the center of the opening and mechanical-anchor bolts near the rib to anchor the
mats to competent rock. The combined roof mats and rockbolts act as a supplementary
ground support system.
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Excavation Alternatives

Excavation alternatives with respect to existing openings generally mean complete
removal of the roof beam. The removal of the roof beam is not a support system but a
mining alternative to ground support. The removal of the beam up to the next competent
layer is considered if it is a cost-effective alternative or if removal of the beam will result in
a safer working environment. In existing drifts with anticipated long lives, it is an attractive
alternative since creep closure will ultimately require additional excavation to maintain
operational clearance in any case. Field results of the beam removal in the E0, E140, and
N4fi0 drifts have shown this to be a viable alternative in areas of advanced beam
deterioration.
Beam removal activities at the salt shaft station and in the E140 drift were performed
successfully, and displacement measurements and fracture mapping indicate that the
newly created roof is essentially fracture free and geotechnically stable. The activities
accomplished several goals and provided for monitoring observations that included the
following:
•

Documentation of removal techniques that prove that the continuous miner can
mine through threaded bars, bolts, and cable bolts without major difficulty.

•

Mapping of roof-beam fracture patterns that confirmed failure modes and
mechanisms.

•

Observation and evaluation of in-place ground support as it was exposed,
showing the reaction of various components to beam expansion and stratigraphic
offset.

•

Evaluation of the inherent stability of the fractured beam even after support
systems were removed, indicated by the fact that no roof falls were encountered
during mining activity.

•

Creation of a competent roof verified by extensometer data and physical
observations.

Current monitoring results in the area of the beam removal indicate a marked decrease in
closure rates following the removal process in comparison to rates before removal. The
trends in the data also indicate an apparent stable condition (i.e., the closure rate curve is
flat as opposed to increasing). This presents a new drift configuration for this area and
provides an opportunity to compare new geotechnical data with data from previous
configurations. Current roof beam removal activity is occurring in the E0 drift from N 150
to N780, the E140 drift from N250 to N780, and the N460 and N780 cross drifts. This
activity is being performed to increase the opening dimensions and improve ground
conditions in anticipation of these areas being used to perform future experiments.
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Area Closure

The decision to close an area instead of supporting it involves administrative decisions as
opposed to engineering solutions and, therefore, involves less labor and material costs.
This option generally applies to areas which have reached the end of their useful life, or
which, from an economical and/or safety standpoint, it would be more prudent to close
than to maintain. Closure of areas of the facility has been exercised in the past (e.g.,
experimental areas). The option to close select areas of Panel 1 if safety becomes a
concern was first formally noted in the 1994 Panel 1 Utilization Plan and remains viable
(Westinghouse Electric Corporation, 1994 ).
Consideration must also be given to the logistics of reopening an area if anticipated. In
April of 1999, reentry into room 4 of the SPDV experimental area was performed to
reestablish a communication link with geomechanical instrumentation in the area. The
E140 drift and the E0 drift were each visually assessed from the chain-link barricades
located at N780 to ascertain which route would be most favorable for entry. Based on the
number of broken bolts in each drift, it was determined that the E0 drift was the preferred
access route. Access to room 4 was achieved by traversing north along the E0 drift and
then west along the N 1100 drift. The roof was sounded along the entire route to evaluate
stability/safety concerns. While room 4 had many failed rockbolts, as expected, the
overall condition of the room was considered good. No roof falls had occurred; no major
fracturing had developed; and no significant slabbing of the ribs or heaving of the floor
were observed. Since this time several other rooms in this area have been inspected and
reopened for the purpose of salt disposal. This area including L 1, L2, L3, L4, SPDV
room 4, G access and N1100 and N1420 from E140 to SPDV room 4 is currently being
backfilled with salt from various mining activities.

6.0

GROUND CONTROL DESIGN AND IMPLEMENTATION CRITERIA

Ground control criteria are based on long-term objectives, experience, performance of
existing systems, laboratory and in situ tests of selected ground control components
and/or systems, numerical analysis, and a vast amount of site-specific geotechnical data
that have been accumulated since the site was opened. The criteria may be modified to
accommodate technological advances, geologic conditions, or operational changes.

6.1

System Design Description Documents

Specific design criteria that were originally established for the WIPP site are documented
in the Design Validation Final Report (U.S. Department of Energy, 1986). Some of the
design criteria directly or indirectly affect ground control decisions and activities. In 1994
the original Bechtel Corporation design documents were superseded by more detailed
Systems Design Description (SOD) documents. The logic supporting that project decision
is discussed in the 1998 Long-Term Ground Control Plan (Westinghouse Electric
Corporation, 1998).
In accordance with the design requirements set forth in the SOD, Plant Buildings,
Underground Facilities and Equipment, SDD-AUOO (U.S. Department of Energy, 1996b),
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the design of ground control systems must provide ground control instrumentation and
equipment capable of monitoring ground stability and roof support adequacy. The ground
control system must provide for a concerted and centralized activity with the responsibility
to ensure maintenance of safe conditions for personnel and equipment and to provide a
continuing assessment of capabilities of the underground openings to allow waste
disposal activities.

6.2

Long-Term Support System Design Criteria

Geotechnical data indicate that rockbolt systems have little or no measurable effect on
creep closure. The mechanism of creep and the ability of the salt to flow is driven by
differential stresses initiated by excavation. The lithostatic stress at the disposal horizons
is approximately 2,000 psi (13.8 MPa). When dealing with stresses of this magnitude, it is
nearly impossible from an engineering standpoint, and impractical from an economics
standpoint, to design and install a mine-wide ground control system that would arrest
these forces. Such a system would also reduce the waste isolation performance of the
facility (the ability of salt to creep and encapsulate the waste), which is its primary
function.
Supplemental support systems as described earlier in this document are designed to
maiintain and support the roof beam in the event it becomes detached. Testing is ongoing
to evaluate and fine-tune performance characteristics of yielding systems. If testing
results confirm their adequacy, it may be preferable to use a yielding support system that
adjusts to the creep, yet still retains the strength to support the deadweight load of a
detached mass of salt. The extent of creep-related deformation and the possibility of
corrosion effects that may occur over long periods present unique design considerations
for this yielding system. Design criteria to be considered for a yielding long-term system
include the following:
•

The support system must support the deadweight load of the detached roof
beam.

•

The support system should accommodate vertical movements of the roof.

•

The support system should accommodate lateral offset in the roof.

•

The support system should be resistant to corrosion effects.

•

The yielding component of a yielding support system should be able to be
monitored.

•

The support system should be able to be monitored for component failure.

6.3

Implementation Criteria

Om~ of the more difficult aspects of ground control is determining and evaluating the
criteria that indicate when ground control actions should be initiated. The identification of
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instabilities is critical to maintaining a safe underground environment. Ground control can
be expensive and, in some instances, ground control measures can actually have an
adverse effect on the in situ conditions (e.g., the breakup of a beam associated with
installation of rigid bolts). Therefore, it is prudent to be as rigorous as possible in
determining when to initiate ground control actions and what those actions should be.
The process followed at WIPP includes evaluation of the following three general
categories of information:
•
•
•

Collection and analyses of geomechanical instrumentation data
Evaluation of the performance of installed ground support systems
Evaluation of physical observations

Each category is evaluated independently and comparatively to the other categories.
With respect to Panel 1, waste emplacement schedules must also be considered for
logistic purposes. Criteria for corrective action are continually reevaluated and
reassessed based on total performance to date. Actions taken are based on these
analyses and the planned use of the excavation.
Support systems are installed to the requirements of 30 CFR Part 57, Subpart B. Quality
assurance/quality control personnel conduct random and as requested checks as each
system is installed. In addition, roof-support plans and practices are regularly reviewed
and inspected by the MSHA and the New Mexico Bureau of Mines.

7.0

PLANNED AND RECOMMENDED ACTIONS

The fundamentals on which the ground control program at WIPP are based are as
follows:
•
•
•
•

Ground stability is maintained as long as access is possible.
Ground control maintenance efforts increase with the age of the openings.
Ground control plans are specific but flexible.
Regular ground control maintenance is required.

The approach used in the ground control program at WIPP utilizes experience gained
from observations and analyses of salt behavior underground. This experience allows
various projections to be made regarding future ground-support requirements. All
proposed actions presented in this section are subject to time and budgetary constraints.
Some nonsafety-related items may not be addressed or may be delayed.
In general terms, where reinforcing of existing support is required, a limited length or point
(resin) anchored threaded-bar bolt pattern with full-load anchor nuts will be used to
supplement the existing pattern. In critical areas where cantilevering or fracturing of the
beam is observed, a lacing system may be used, generally in conjunction with the
thrnaded-bar system. If an opening is projected to be closed to access within a short
time, mechanical bolts may be used to reinforce the existing support. The option to use
cable bolts would be considered for areas where a thick roof beam and a low roof height
make installation of long, rigid bolts difficult. New excavations will probably be pattern
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bolted after the initial high creep response has passed (usually one to three years after
excavation, depending on the opening geometry and nearby excavation patterns).
Specific plans and layouts will be prepared and will be based on a detailed evaluation of
each area.

7.1

Near-Term Ground Control Actions (Excluding Panel 1)

Following are current support projections for specific locations in the underground. These
pmjections are intended to provide planning guidelines for future work. Detailed designs
will be prepared as necessary for construction. These support recommendations are
based on a continued need to access these areas (i.e., unused rooms will not be
abandoned or backfilled).

7.1.1

E0 -

N150 to N780 and E140 -

N250 to N780

This area was excavated over 16 years ago and has deteriorated to the point where it
became necessary to install supplementary support, remove the highly fractured roof
beam, or close portions of the area. From a technical standpoint, each option was
acceptable to provide long-term safety. Removal of the roof beam in these areas has
been approved and is in progress.
The beam is being removed up to and including Anhydrite "b" using a continuous mining
machine. Based on current plans, the crosscuts at N460 and N780, will also have the
beam removed.

7 .1.2

Air Intake Shaft Station

The inspection of this area indicates that the upper brow appears to be stable at this time.
The lower brow is developing separation fractures. Because the rockbolts in place are
only 6 feet in length and do not penetrate the first clay seam, it may be necessary to
provide additional support in the station area in the form of a supplemental bolt pattern
that does penetrate the clay seam. This will probably be necessary within the next one to
three years. Details include:
Bolts:

Yielding threaded bar bolts rated to yield at 50,000 pounds, 13 feet in
length, in 1 3/8" x 11' 6" holes. Ream hole to 3" prior to bolt installation.

Pattern: Split existing pattern
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Air Intake North Access (N300 and N215)

Because of the development of low-angle fracturing in these drifts, it is projected that it
may be necessary to rebolt the area within five years. Projected details for the rebolting
project follow:
Bolts:

No. 7 threaded bar with full-load nuts, 13 feet long, in 1-3/8-inch x
12.5-foot holes reamed to 3 inches in diameter to approximately 1 foot
beyond the first clay seam.

Pattern: Split existing pattern

7.1.4

E140- North·(North From the Waste Shaft Station)

S90 to S400
Increased fracturing in this area may require some supplemental support in the next one
to three years. Projected details follow:
Bolts:

No. 7 threaded bar with full-load nuts, 13 feet long, in 1-3/8-inch x
12.5-foot holes reamed to 3 inches in diameter to approximately 1 foot
beyond the first clay seam.

Pattern: 7-foot by 3.5 foot triangular pattern
Mesh:

Chain link

S90 to N150
Increased fracturing in this area may require some supplemental support in the next three
to five years. Projected details follow:
Bolts:

No. 7 threaded bar with full-load nuts, 13 feet long, in 1-3/8-inch x
12.5-foot holes reamed to 3 inches in diameter to approximately 1 foot
beyond the first clay seam.

Pattern: 7-foot by 3.5 foot triangular pattern
Mesh:

7.1.5

Chain link

E140- South (Access to Disposal Panels)

S1050 to S2750
Removal of remaining roof beam up to clay G.
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S400 to S 1050
Increased fracturing in this area may require installation of supplemental support in the
next three to five years. Projected details follow:
Bolts:

No. 7 threaded bar with full-load nuts, 12 feet long, in 1-3/8-inch x
11.5-foot holes reamed to 3 inches in diameter to approximately 1 foot
beyond the first clay seam.

Pattern: 7-foot x 3.5-foot nominal triangle pattern

7.1.6

Mesh:

Chain link

Note:

Roof beam removal may be considered due to operational concerns.

Waste Shaft Station (E140 to Waste Shaft)

Because of salt creep and loss of pattern bolts in this area, it is anticipated that the
support system in place will need to be augmented within one to three years. A
supplemental system consisting of pattern bolting with threaded-bar bolts may be
employed. Details follow:
Bolts:

No. 7 threaded bar with full-load nuts, 12 feet long, in 1-inch x 11.5-foot
holes reamed to 3 inches in diameter to approximately 1 foot beyond
the first clay seam.

Pattern: Split existing pattern

7 .1. 7

Mesh:

None beyond the chain link already in place

Note:

Roof beam removal may be considered due to operational concerns.

Salt Shaft Station

The Salt Shaft Station had the roof beam removed approximately 12 years ago. The
geotechnical monitoring in this area indicates that the roof has remained stable since that
time. However, small vertical fractures have been observed and the current in-place
roc:kbolts do not penetrate the existing roof beam. Because this is a high-use area, it may
be prudent to install some additional bolts as a preventative maintenance measure within
thnae to five years. The most likely supplemental support alternative would be to install
No. 7 threaded-bar bolts through the existing chain-link mesh.
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7.1.8

W30, S90 to S400

It is anticipated that some supplementary support will be necessary in this drift within a
couple of years because of fracturing observed in the area. Projected details follow:
Bolts:

No. 7 threaded bar with full-load nuts, 13 feet long, in 1-3/8-inch x
12.5-foot holes reamed to 3 inches in diameter to approximately 1 foot
beyond the first clay seam.

Pattern: 7-foot by 3.5-foot triangular pattern
Mesh:

7.1.9

Chain-link

W30, S1150 Booster Fan Area

Removal of the booster fans is planned for this area. The angled brows created during
the installation of the fans are not typical of most brows at WIPP. It is planned that the
brows will be reshaped with a mechanical scaler as necessary to form a more stable
configuration. Rockbolts will be installed in the new brow and roof as required following
removal of the booster fans.

7.1.10

S1000 Crosscut Between W30 and W170

This is a high-use area and may require some supplemental support within five years.
Projected details follow:
Bolts:

No. 7 threaded bar, 12 feet long, in 1 3/8-inch x 11.5-foot holes reamed
to 3 inches in diameter to approximately 1 foot beyond the first clay
seam.

Pattern: 7-foot by 3.5-foot triangular pattern
Mesh:

7.1.11

Chain-link

S1300 Crosscut Between W30 and W170

This area was rebolted with threaded-bar bolts approximately one year ago. However,
this area is used as a mechanical shop and creep closure is limiting hoisting capabilities
and overhead clearance. Beam removal for this area is being considered to eliminate
these problems. The schedule for beam removal in this area is dependent on the
schedule of ongoing beam removal operations.

7.2

Panel 1 Support Options and Plans

The schedule for the sustained rate of receipt, is a crucial parameter in making ground
control decisions relative to Panel 1. Because of the age of the panel and the continuing
deformation taking place, the timing of waste emplacement will affect the support
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requirements relative to each room. Ground control plans remain flexible with a longterm, conservative focus. The plans presented in this document are based on the most
recent schedule and budget assumptions provided by the Carlsbad Field Office. The
Carlsbad Field Office closed rooms 4, 5, and 6 and associated sections of S1600 drift for
administrative reasons.

7.2.1

Panel 1 Support Options

With receipt of waste, ground control activities are integrally related to waste receipt
schedules and related operational considerations. This section provides options for panel
usage and the ground control alternatives required to implement those options. Evaluation of specific areas and recommendations for remedial ground control procedures must
be made in a time frame that allows for implementation of those procedures prior to waste
emplacement. Under all options, general maintenance activities, such as scaling down
small pieces of rock and replacing identified broken bolts, will continue in all accessible
areas. The identified options are:
•

Use rooms 1, 2, 3, and 7. Use S1950 from room 1 through room 7. Use S1600
from room 1 through room 3.

•

Use rooms 2, 3, and 7. Use S1950 from room 1 through room 7. Use S1600
from room 2 through room 3.

•

Move to Panel 2 as soon as possible.

In the case of several of the options and alternatives, significant overlap exists. For
example, the current plan, consistent with the 1994 Panel 1 Utilization Plan
(Westinghouse Electric Corporation, 1994) and the subsequent 1996 update of that plan
(Garcia, 1996) is to receive waste in Panel 1 and use as much of the area as possible.
Portions of the panel may not be used or substantial efforts may be necessary to maintain
the required ground control. A detailed description of options and alternatives can be
found in the Long-Term Ground Control Plan for the Waste Isolation Pilot Plant
(W«~stinghouse Electric Corporation, 1998).

7 .2.2

Panel 1 Support Plans

Supplementary support is installed in all locations of Panel 1. (The now closed test
alcoves and the entries to the panel are excluded.) The panel is now closed from rooms 4
through 7 and this area no longer need be considered for ground control options.
Rooms 3 through 5 and the S1600 and S1950 drifts have patterns of threaded bars
installed through welded wire mesh panels. Wire rope slings are installed in parts of
rooms 4 and 5. Most areas in rooms 1 and 2 are bolted with threaded bars through steel
channels with cable and mesh. Roof mats have been installed in S1950 from rooms 1
through 5 and in rooms 2 and 3.
Numerous scenarios relating to ground response and waste receipt and emplacement
rates have been considered to allow better planning and response to conditions that may
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be encountered. With some flexibility, it is believed that any developing instability or
ground control problem can be addressed and safe operations maintained. Detailed
plans address expected ground response, emplacement rates that allow filling of the
panel by December 2002, and the possibility of schedule delays. By necessity these
plans are specific, but remain flexible to better accommodate response to changing
ground conditions, time constraints, resource availability, economics, and ground support
technology improvements.
S11300, S1950, and Rooms 2 and 3 Detailed Plans: The existing systems will be
maintained by replacing broken pattern bolts as necessary until access is no longer
available.
Room 1 Detailed Plans: The existing systems will be maintained by replacing broken
bolts as necessary. This will continue until the room is needed for disposal. In the
months preceding commencement of disposal operations in the room, the floor will be
millled or mined; areas where a supplementary support system has not yet been installed
will have a system similar to that described for rooms 2 through 3, and excessively long
bolt tails will be trimmed. As with other rooms, if first receipt of waste is delayed
substantially or if waste emplacement rates are retarded, it may be necessary to install
some additional support prior to preparation for disposal or to consider closure of the
room.

7 .3

Panel 2 Plans

Panel 2 is currently scheduled to be completely pattern bolted and chain link meshed.
These bolts will not penetrate through to the next clay/anhydrite interface and will be
anchored within the immediate roof beam. This is the primary or initial support that is
planned to be used in Panels 2 through 8.
As changing ground conditions require, pattern bolting may commence at any time after
excavation. However, based on experience with the SPDV rooms and the rooms in
Panel 1, pattern bolting is not expected to be required until two to five years after
excavation. Disposal rooms may be pattern bolted prior to waste emplacement. Pattern
bolting will be designed using the best support technology available at the time. This may
include the use of yielding systems or other systems not currently available.
Supplemental support systems are not expected to be necessary in Panel 2. However,
should a supplemental system be required, it is anticipated that its design may be similar
to those installed and planned for Panel 1 .

7.4

Long-Term, Low-Maintenance Areas

In general, the remaining areas of the underground facility are in good condition; and it is
anUcipated that only routine maintenance, which includes scaling and spot bolting, will be
necessary to maintain them over the next five years.
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SUMMARY STATEMENT

Thiis document is used for planning purposes only. Ground conditions at WIPP are
dynamic and, as such, projections for ground control actions as presented in this plan
may change. The schedule for receipt of waste also affects the projections as presented.
Si9nificant delays in the receipt schedule would most likely result in significant changes to
current ground control plans. Geotechnical Engineering evaluates a wide variety of
current and historical geomechanical and observational data to formulate these
projections.
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ORIGINAL

1.. IDENTIFICATION
OIS PMLJ
USQ Evaluation Log Number. 02-0W5 ~~C.\b""vPiroposed Activity Number and Title (e.g., procedure number/title, ECP number/title~ etc.)
Enriched XenOfl: Observatory (EXO) Experiment
Prooosed Activitv or Issue Desc;riotion:
See attached ·Project_ Description for the Enriched Xenon Observatory Experiment

Entry Condition: (More than one may be checked)
_ _ Facility Modification
_ _ Procedure Change
_K_New Operation (Test or Experiment)
- ~ Potenti~d Inadequate Safety Analyses (Discovery)
._._:_ As-found Discrepancy, Befween Physical Configuration and TSRs (Discovery)
_·_ Other.(Spec;ify)
. ,

2. REFERENCE lNFO~MATION
(Provide detailed answers

to the following and attach to this co.:Opleted worksheet.)

A. Identify Systems, Structur~s •. and Component~ (SSC) or pro~ss involved.
B. Identify th~,$AB and revisiQ? 1;1ur:riber used for the evaluation ..
c. Where is the process or SSC described in the SAR?
D. Reference location of other information used for the USQ Determination (Drawing, ECOs, TSR
references, procedures, etc.

USQ.,$AFETY EVALOA.JlON
·-

3. IMPACT-ON THE ACCIDENTS EVALUATED IN THI; $AF.Efi,ANJALYSIS REP0RT
, •.

- ' ·--

':

; 't

'

'

• •

•

• • -.~,.- '

•

•

• • ••

" • • ·.• • •

•

• ',,_ •

•

•

•

.,

•

4

------- ---~--

(Provide cte~afled .~?~er.; t~ UJeJ9J!QV1tng a11<;f ~ttach .to t~~1,9~rppl~ted ~orksheet.) ., '_( .: : :

~c;ad~nts

pot~HJfi~p~ct

<~~ ~~ ,'
for

A. Identify the appiicable SA~
revie~ for
b~ the·:clf~ngt
. G,.~ap~~r!~ acc;~ents) . . . .
.
, . - . -,, , _:.. , ., ,
"
B. Identify the applicable SAR event trees in A~n<1Jx,D, "Oet~rminajio11-.of• Frequency

Selected Aoeidents" corresponding to the identified· accidents.· - - ·
:
·c. Discuss the impact of the change on the probability ofoccurrence·oMhese acciaents. (Chang~"
.to basic .eventl@ic, initiating"ey~nt. l<:>gic, fault tree pro~bility.. life cycJe" estimates, etc.)-,
D. Identify the applicable SAR tab!~ in,~ppendi~,E. ,"§QJ,m::e Term/Dose Calculations,"
corresponding to the identified accidents
-··
E. Discuss how·:the paramefet.s anctSSC affected by the .chahgedmpact the consequenc~ of ,;, -: ·
these-accidehts.(change the waste voluine, ma9nitude of accident,~ material at .Jisk, damage
ratio, different release point, etc.).
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Safety Evaluation Log Number: 02-~ -=,(~q_o"l..

4. IMPACT ON EQUIPMENT IMPORTANT TO SAFETY
(Provide detailed answers to the following and attach to this completed worksheet.)
A. Determine if the proposed change or i~ue impacts the Waste Hoist Brake System (If this
answer is no question 48 is not applicable):
B. Determine if the proposed change or issue creates a failure i:nooe not previously evaluated in
the SAR (SARAppendix C and DOE/WID-96-2178).
,

.

,,

5. POTENTIAL FOR CREATION OF A NEW TYPE OF UNANALY2ED ACCIDENT
(Provide detailed answers to the following and attach to this completed worksheet.)

A. Identify potential initiating events resulting from the change which could result in the release of
radioactive material. (Will the change or actiVi1y be "in the proximity ;of the waste container?
Does it affect the waste handling process? Consider changes which may indirectly affect the
waste (e.g, placing compressed gas cylinders in waste handling areas which could become
missiles}.
B. Determine if the impact of this change could result in a new type of initiating event not
previously identified {review the "hazard analyses" - SAR Chapter 5, SAR Appendix C, and
FHA}.
C. Determine whether the hazards resulting from the impact of the change could be considered a
new type of accident. (What would the hazartl rank of ttiif event be? Could the new event be
bound by the existing accidents? What is the probabiJity"of tf.}e e,veht occurrence?)
SUMMARY QUESTIONS
(Indicate yes, no, or n/a for each)
YIES

NO

YES

NO - ·eased on 3E ab6ve, doesthe'.changeincrease'the torlseqi.iences of:a SA~ accident?

YES

"""'
YES

Based on 3C above;does the clian{}~'ii1crease·the probability of a SAR accident?

y!f @
1....

,al 1-Ll'."!/'l

.

NO
''

YES

above.

Ba~M on 48
does 1tte 'clfange crtfate thl¥ possi6iliiy fo(a different type
, malfuncti<?n. of ~q~iprn~nt ,impc,rta~ t~ -~'~f~tY, ~h~o p,-~viously in th~-~~?

Based on SC above, does the change create the possibility f6'f'a new type ~f accident
not previously evaluated

in 1.~Et-SJ\R?

,,

'

,

,,,

NO,, Does the• change require a TSRChange? . ~.

,;·

: ,,,

,

'

- - EVAl.YA"Tl<:>NRESUl.TS
,.,

'YES

NO

Does the proposed acUvityf1SSue resultin a USQ or TSR change? •(If the answer to
any of the above summary questions is ·"yes," the change requires OOE approval)

.
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Safety Evaluation Log Number 02-9-W5- Gl(--:u,(Y'L-

COMPLETION
Evaluator: Howard Vasquez

Printed Name Howard Vasquez

Date

Safety Analysis Independent Review: Concurrence Yes

V

No

•

Justification:

Printed Name
Safety Analysis Manager:

Signature
Approval

Disapproval

Signature

Printed Name
NRB:

0

Concur

•

Date

D
/O· ;fS-rn...Date

Nonconcur 0

Describe Action Required:

Printed Name

Si nature

Date

Page 3of3

Ot~

J\TTACHMENT TO THE USQ SAFETY EVALUATION #02--04{)5

q;.;:c

6

..,_

·L PROPOSED ACTIVITY OR ISSUE DESCRIPTION:
The Enriched Xenon Observatory Experiment (EXO) is a multi-faceted
experiment whose purpose is to investigate neutrino-less double beta decay, an
extremely rare type of nuclear process that will allow for the measurement of the
mass of neutrinos. The experiment will be conducted in two phases operating in
harsh conditions in the WIPP underground andwill evolveintoa highly technical
eixperiment.

2~. REFERENCE INFORMATION

A Identify Systems, Structures, and Components (SSC) or process involved.
The process is for the installation and operation of the Enriched Xenon
Observatory experiment. The installation will take place in the underground core
storage room located in South 400, West 170, away and isolated from all waste
disposal areas.

B Where is the process or

sec described in the SAR?

This proposed experiment is not described in the SAR. It is a new one-of-a-kind
experiment in an extremely specialized technical area: The potential for
deviating from the approved safety basis does not exist because the experiment
does not involve any nuclear materials. It nas no impact onwaste handling
issues.

C Reference location of other information used for the USO Determination
(Drawing, ECO's TSR references, procedures, etc.
References for the. determination areJhe. Project Description-for the Enriched
Xenon Observatory (EXO) Experiment and the Enriched Xenon Observatory
(f:XO) Experiment Waste Management Plan. SAR Chapter 5, Appendix C
Hazop Session Summary, andTSRdoc.uments.

3 . IMPACT ON THE ACCIDENTS EVALUATED IN THE SAFETY ANALYSIS
REPORT
A. Identify the applicable SAR accidents review for the potential impact by the
change. (SAR.Chapter 5 accidents)
The EXO experiment is not described in the SAR. There is-no relationship
between th~. d_escribed process and the exp~riment and therefor there are no
·
potential impacts to SAR accidents.

B. Identify the applicable SAR event trees in Appendix D, "Determination of
Frequency for Selected Accidents" corresponding to the identified accidents.
Not applicable due to the EXO experiment not being related to any CH TRU
waste emplacement operations.
C. Discuss the impact of the change on the probability of occurrence of these
accidents. (Change to basic event logic, initiating event logic, fault tree
probability, life cycle estimates, etc.)
Not applicable, the EXO experiment has no effect on the probability of
occurrence for the SAR accidents.
D. Identify the applieable SAR tables in Appendix E, "Source Tenn/Dose
Calculations," corresponding to the identified accidents.
Not applicable because no radioactive components or sources- are involved.

E. Discuss how the parameters and SCC effected by the change impact the
consequences of these accidents (change the waste volume, magnitude of
accident, material at risk, damage ratio, different release point, etc.)
Not applicable, The EXO does hot change waste volume, magnitude of· .
accidents, material at risk, damage ratio, release points or any other factors.

4. IMPACT ON EQUIPMENT IMPORTANT TO SAFETY

A The experiment has no impact on the Waste Hoist Brake System.
B. Not Applicable

5. POTENTIAL FOR CREATION OFA NEW TYPE OF UNANALYLIZED
.ACCIDENT -_-

A Identify potential initiating events resulting from the change which could result
in the release of radioactive material. (Will the change or activity be in the
proximit}i of the·waste container? 0~'-it affect the waste handling:process? •
Consider changes which may indirectly affect the waste (e.g. placing
compressed gas cylinders in the waste handling areas which could become
missiles)
·
The release of radioactive material is not possible since the EXO experiment
uses no radioactive· components. The proposed location for the EXO experiment
is a considerable distance from the waste' handling process. Comp~essed gasses
may be used however; it is not in the vicinity of any waste activity.

B. Determine if the impact of this change could result in a ne~ type of initiating
event not previously identified (review the "hazard analysis" - SAR Chapter 5,
SAR Appendix C, and FHA).
Not applicable, an initiating event as a result of the EXO experiment is not
possible since it is not associated with waste emplacement.
C. Determine whether the hazards resulting from the impact of the change
considered a new type of accident. (What would the hazard rank of the event
be? Could the new event be bound by the existing accidents? What is the
probability of the event occurrence?)
Not applicable, All hazards associated with the experiment are addressed in the
attached Enriched Xenon Observatory (EXO) Experiment Waste
Management Plan.
Based on the above analysis, the EXO experiment has no relation to CH
TRU waste emplacement. The initiation of the experiment underground has
no impact on waste operations and does not result in an unreviewed safety
question. The Enriched Xenon Observatory (EXO) Experiment Waste
Management Plan and The EXO Project Description are attached for further
review.

Attachment 7
Environmental Review Checklist

(NEPA)

Environmental Review Checklist

1¥.ijft®:~Ht*~OOQ Qp~~\w.:yl;ip~fu~hf /

DOCUMENT NAME:
(Work Order Test Plan, Engineering Document, Etc.)

DOCUMENT No....
(If available)

~~~~~~-'--~

DESCRIPTION:

;il,-..:•at¾JV•Ji!>

(Identify the type of work or action required, location, schedule, justification, and waste management. Identify any
~
_n_~_a_ct_i~_·t_y_n_ot_a_d_d_ra_~_ed
__
by_N_E_~_~
__m_e_n_ra_t_io_n_._u_s_e_s_e~_ra_t_e_a_t~
__m_~_t_rr_ne_c_es_s~_-_)_~5,~e~~~~~~~-~~
ENVIRONMENTAL CONCERNS: Will the project/activity, either during construction or operations, result in ~
changes and/or disturbances in the following areas? Check "YES" if the proposed project/activity represents a
commitment to a course of action that would ultimately require a positive response to one or more of the questions
below. Provide explanations for "YES" responses using the Guidelines for Completion of the Environmental
Review Checklist contained in WP 02-EC3801, Atrachment 3.

1. Nr emissions
2. Liquid effluents
3. Solid waste
4. Chemicals
5. Petroleum use/storage
6. Asbestos materials
7. Utility system

YES

NO

( J

[VJ

[ J

[V]

l>l

[VJ
[VJ

[ ]

[ )

[v:I

kl
tl

[v]

[vJ

8.
9.
10.
11.
12.
13.
14.

Clearing or excavation
Soil or debris piles
Outside Property Protection Area
Pesticide/herbicide use
Environment restoration site
Demolition or renovation
Other

YES NO
[ J [V)

[ .J
L>J
Fl
[ I
[<)

[vi
[vi

[vi
[V]
[11'}

[ 1 [vi

Explanation and qualification of specific "YES" responses.
Use a separate attachment if necessary to fully explain responses.

No.

•se~seeARAt:E
AfiACHMEm TO"YESfRESPONSES
....
·· ·.
·.
···,· ··.·. · ·.·.;·.•.·

..

···.•.-,•·

.·· ·.·.

Land Use Coordinator Printed Name

·.·.•·.•.··· ..· ..·

.

·. . .·.--·.·

··.,. ·.--·.·.·.·.· .... ·•.·····.

Signature

Date

(Required only if items 10, 11, and/or 12 are checked "YES")
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Additional Reviews
WTS NEPA Coordinator Identify additional reviewers and forward for reviews per WP 02-EC3801,
Step 1.1.S[F].
Waste Management Team review required ................................... Yes [ ] No [
INon-RCRA Permitting T earn review required ................................. Yes [

J

No [

J

Pollution Prevention Coordinator review required .............................. Yes [ • ] No L J
Other (specify) ......................................................... Yes

LJ

No [>J

Reviewe(s Comments

NOTE: Any comment requiring action will be entered into the CTS per WP 02-EC3801, Section 1.1.5[GJ
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