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We are transmitting comments on the 'NWTS Conceptual Reference Repository
Description (CRRD)", ONWI-258, prepared by the Bechtel Group, Inc., May
1981. This document describes design features of a repository for domal
salt media which combines the key features of two previous designs
(NWTS-R1 and NWTS-R2). Attachment A presents the Nuclear Regulatory
Commission (NRC) comments and attachment B contains comments from the
U.S. Bureau of Mines (BOM).

The NRC and BOM reviews were primarily restricted to those portions of
the document which addressed broad fundamental design aspects of the
underground facility and omitted areas such as utility requirements,
surface transportation of waste, and modes of operation. These comments
are forwarded for your review and consideration in development of issues
and conceptual designs for specific salt sites. We also anticipate that
many of these comments are also applicable to design efforts presently
underway for other media, such as basalt and tuff. Please contact me at
(301) 427-4672 if you have any questions regarding these comments.

sRGINAL SIGED Dr

John T. Greeves, Section Leader
Design Section
High-Level Waste Technical

Development Branch
Division of Waste Management
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NRC COMMENTS ON CRRD

COMMENT
NO.

VOLUME II

1

2

3

Part 2
Page 2.7-1
Para. 3
Line 5

Part 3
Page 2.2-1
Para. 1
Line 12

Part 3
Page 2.2.1
Para. 1
Ltne 16

Part 3
Page 2.3-1
Para. 6
Line 2

Part 3
Page 2.3-2
Para. 2
Line 4

Waste canisters will be required to
maintain their integrity for more than
the 10 years noted. The requirements
of 10CFR60 should be addressed.

In addition to the time span up to
decommissioning, underground openings
should also remain sufficiently stable
after decommissioning to insure the
integrity of waste canisters is not
compromised.

A five year retrieval provision will
not be sufficient. Future designs
will need to address the
retrievability requirements in the
10CFR60 technical regulation.

The problem of room closure, due to
salt creep, should be evaluated for
retrievability periods longer than
the 5-year period noted (under higher
thermal loadings). A paper entitled
"Properties of Salt Important in
Radioactive Waste Disposal" published
by the Geological Society of America
(special paper 88, 1968) indicates
opening instabilities could be a major
problem under these conditions.

Same as comment no. (2)

4

5
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6 Part 3
Page 3.3-10
Para. 6
Line 1

Part 3
Page 9.3-2
Para. 6

As noted, proposed shaft
instrumentation is intended to monitor
temperature and displacement.
Subsequent discussions indicate that
deformability relations will be
.obtained from the monitoring data.
Therefore, in situ testing will be
necessary to determine deformation
parameters such-as modulus values.
Also, stress monitoring
-instrumentation could be installed at
various monitoring stations.

A system of checks should be
developed to insure that instrument
data is correctly acquired, stored,
and retrieved. This will avoid the
type of data acquisition problems
encounted at STRIPA, where there was
much uncertainty in the test values
due to improper manipulation of the
data by the acquisition system.

7

VOLUME III

8

9

10

11

Page 2.2-1
Para. 1
Line 1

Page 2.2-1
Para. 2
Line 1

Page 2.2-27
Para. 3
Line 1

Page 2.2-28
Para. 3
Line 6

The engineering properties of dome
salt are not presented in table
2.2-1 as stated.

In addition to those parameters
noted, strength parameters are also
required to describe the rock.

Design of the pillar area should also
account for the thermal loading, in
order to assure adequate stability.

Units for density are LB/FT3 not
LB/FT, and the value given is not
realistic.
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12

13

14

15

16

17

CHAPTER 3
Page 3.1-1

Page 3.1-6
Para. 2

Page 3.1-7
Para. 3

Page 3.4-2
Para. 6
Line 3

Page 3.5-6
Para 6

Section 3.7
Page 3.7-1

Part 1
Page 2.1-8
Para 3

Future designs should include
sensitivity studies of thermal load
versus damage to the repository and
performance of the repository. This
will provide the basis for a design
thermal loading.

Future designs should address
anticipated failure mechanisms for
both the canister matrix material and
the fuel elements.

Future designs should address the
chemical environment of the waste
canisters, for various times,
temperatures, and radiation fields.

The direction of brine migration,
toward or away from the heat source,
depends on the degree of saturation
in the inclusion. ONWI-208 dicusses
the mechanisms involved in each
case.

Same as comment no. 1.

This section only addresses the
seismic design of surface facilities.
The possible effects of seismicity on
waste canister integrity, with respect
to rock movements and on the isolation
capability of the surrounding rock
mass must also be considered.

Another possible failure mechanism
for the titanium overpack canister
would be embrittlement and/or
accelerated corrosion caused by
hydrogen. Hydrogen could be produced
by the interaction of radiation with
the surrounding water.

VOLUME V

18
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ENCLOSURE(z)
{ b y United States Department of the Interior

BL REAU OF MNINES

P. 0. BOX ';n."6

BUILDIN(. a, DLNVER FEDERAL CENTER

DENVER. COLORADO 80225

April 9, 1982

Memorandum

To: Harry R. Nicholls, Acting Assistant Director--Mining Research, Room
955, Columbia Plaza, Washington, D.C.

Through: Galen G. Waddell, Research Di rector, Denver Research Center '

Stephen Utter, Acting Research Supervisor, Mine Design Division, DRC/a

From: Clarence 0. Babcock, Supervisory Mining Engineer, Mine Design
Division, Denver Research Center

Subject: Review of NWTS Conceptual Reference Repository Description
(ONWI-258) Under the BOM/NRC Interagency Agreement Nb.
NRC-02-80-075, "Technical Assistance for Assessment of
Repository Siting and Design"

The five-volume set of reports was reviewed with respect to mining problems
with emphasis on the sections specified which were:

Vol. II, Part 1, Chapter/Section 3.2.1 to 3.2.3, 3.3.4 and 3.3.5;

Vol. II, Part 3, Chapter/Section 2.1 to 2.3, 3.1 to 3.3, 4.1 to 4.3, 7.0, and
9.1 to 9.3;

Vol. II, Part 4, Chapter/Section 3.0;

Vol. II, Part 5, Chapter/Section 5.0;

Vol. III, Chapter/Section 2.2, 3.1, 3.4, 3.5, and 3.7;

Vol. V, Part 3, Chapter/Section 3.0.

If comments were made by reviewers, these are repeated by section number.

General Comments

1. A multi-level storage facility would be more cost effective than the
proposed single level. A sufficiently wide sill pillar (800-foot-thick?)
could be designed as a barrier between say two storage levels. This would
double the storage capacity of the facility. The additional costs would con-
sist of the deeper shafts, increased hoist h.p. and cable lengths, some in-
creased ventilation capacity, and the development costs for an additional
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level. Surface plant would remain about the same. Emplacement of the fuel
assembles and LLW drums would start on the lowest level, which would later be
backfilled.. Possible savings--could amount to as much as about $469 million
as listed below:

Possible Savings With Multi-Level Facility (Million Dollars)

General Site Facilities - 29.0

Utilities and Site Distribution Facilities - 79.0

Repository. Facilities* -

Waste Shaft - 34.6

Man and Materials Shaft - 42.2

Ventilation Shaft - 19.5

Development Exhaust Shaft - 10.6

Repository Exhaust Shaft - 32.3

Above Ground Salt Handling Facility 2.8

Waste Handling Facility - 181.0

Other Buildings 38.0

469.0

*-Some added costs because deeper shafts, bigger hoists would be required.

2. Several shaft options should be explored. Blind-bored shafts should cost
about the same as conventional shafts with the advantages of shorter construc-
tion time and increased safety. Ground water inflow should not be a problem
with proper drilling fluid. The smooth, circular cross section of the drilled
shaft is ideal for ventilation. The shafts should be lined with steel casing
cemented in place to prevent entry of water or gas (if present), to stabilize
the ground and to prevent air slacking. Raise-drilling is more economical
than blind-boring or conventional shaft sinking methods. Pre-grouting is re-
quired to seal-off aquifers, and underground access is necessary. One option
might be to blind-bore the first shaft, equip it, and drift to the location of
the second shaft which could then be raise-drilled.

3. Grouting is used to control ground water inflow and to stabilize weak or
fractured ground. Portland cement and/or a liquid chemical grout are used.
Holes are drilled in or around the shaft location and grout pumped in under
high pressure to seal off the voids. Ring grouting would create overlapping
grouted areas enclosing the shaft circumference.
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4. Sized, stockpiled salt might be returned to underground storage and
loading bins via gravity flow through large vertical pipes installed in the
shafts or through surface drillholes.

Two reviewers were not in favor of multiple level mining or mining from the.
bottom to the top. Ground support problems, subsidence, and water flooding
wouTd be increatddj-

Vol. I Summary

3.4.2 - Underground Layout and Development

Consider alternate ways to advance rooms to reduce the effect of initial
creep. An example would be to drive a pilot opening, let it stand for several
days, then trim it to size. Much of the initial creep would occur to the
pilot opening. The final room dimensions would be subject to less long-term
creep closure. The same concept could be applied to the drilling of canister
holes.

The various displacements due to subsidence should be monitored on a
continuing basis in order to anticipate a possible future misalignment of the
shaft caused by subsidence. Excavation'plans should be adjusted as necessary
to balance the horizontal displacements on one side of the shaft with equal
but opposite horizontal dispicement caused by subsidence on the other side.

This concept, developed in Europe, is reported in the U.S. BuMines Contract
No. J0285010 with K. Wardell and Partner~s on the subject, "Technological In-
vestigation to Devellop Design Criteria for the Optimum Size of Oil and Gas
Well Blocks". The Technical Project Officer on this contract (TPO) was C. 0.
Babcock.

3.4.3 - Repository Development Sequence - Second Paragraph

The top of the page says that storage and backfilling will go on at one end of
the underground workings while excavation is occurring at the other end. It
is not clear how these two operations can alternate yet remain on separate
air courses.

Fourth Paragraph

Great caution should be observed when drilling long exploratory holes because
of the risk of drilling into a water or gas pocket. Drilling should be
through stuffing boxes that could contain an outburst of gas or water. Drill
cores should be examined for signs of water, concentrations of impurities, gas
under high pressure, disking that might indicate high stresses, or lithologic
changes that might indicate anomalous zones or an approach to the edge of the
dome. Borehole sonic or radar techniques could be used to probe ahead of any
long horizontal boreholes to reduce the risk of drilling into gas or water
pockets if they can be shown to be effective in this regard.
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3.4.7 - Underground Ventilation Systems

The downcast ventilation shaft should be as far fromi the upcast ventilation
shaft that carries the storage area return air as practical and should be in
the upwind direction of the prevailing wind.

Vol. II, Part 1

3.2.2 - Shaft Location

The spacing of the shafts on nearly a straight line only 800 feet apart could
cause difficulty if faulting by subsidence occurs when more than one shaft
could be damaged by the same fault.

Is a spacing of 1,820 feet between the repository exhaust and ventilation
shaft enough?

3.3.4 - Design Basis Accidents and Events

Are excess rock stresses, roof falls, pillar failures, water seepage,
considered to be accidents? Maybe they should be so considered. First para-
graph - How is the facility designed to withstand maximum credible accidents
or abnormal occurrences?

3.3.4.2.3 - Underground Facility

Fire is another DBE that could occur in the underground facility.

Vol. II, Part III

1.2.2.1 - Normal Operations

The first line gives the year 2008 as the end of commercially produced spent
fuel to be stored -a total of 184,000 canisters. Table 1.2-1 gives a total
number of canisters as 205,856 produced in the year 2010 and placed in the
year 2020. Page 2.2-1 under 2.2.2 - Performance Required, gives the maximum
of 260,000 canisters. I am not sure how many canisters are involved.

Page 2.3-2 - Second paragraph, last sentence

The corrosive properties of salt on rock bolts and steel structural units was
not discussed and should be.

The underground design calls for an 800 foot buffer zone between the edge of
the dome and the storage area. It is normally assumed that there is a rela-
tively smooth, distinct edge to the domes. Dr. Donald Kupfer, retired profes-
sor from L.S.U. and ONWI consultant on salt domes, says that this assumption
is not correct, that instead the dome edge can be very erratic and sometimes
diffuse. He also says that it is very dangerous to probe for the edge by
drilling and radar can be confused by rock or impurity inclusions that common-
ly occur near the dome's edge. This inability to safely and accurately define
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the edge of a dome is a major drawback to the use of salt domes for nuclear
waste repositories. These points are discussed in the draft ONWI report ONWI-
315 which includes unreferenced comments by Dr. Kupfer. In summary, there may
not be a totally practical, safe, and accurate way to provide the 800 foot
buffer zone called for in the design. One possible way of defining the
boundary of the salt dome would be to drive a drift in the host rock outside
the dome much in the manner of a grizzly drift in sub level caving to define
the shape of an orebody and to locate the boundary by drilling through valves
which could be closed to cut off inflowing water or gas. In addition, a
strong ventilation flow could be maintained to reduce any gas inflow to below
explosive levels as is done in gassy coal mines. This would allow the defini-
tion of the dome outline without breaching the barrier pillar if a separate
shaft for this purpose alone was sunk in the rock outside the salt. The drift
could be used as a circular sump that collects the water so that it can be re-
moved by pumping before it floods the mine workings.

2.2-1 - Functions

It is stated that the room configuration and the shaft location must be
selected to assure structural stability. Salt domes are often partitioned in-
to separate structural units by what are called anomalous zones which may be
shear, rock or impurity, and gas or water inclusion zones. Some experts sus-
pect that at least in some cases these zones are still rising and at different
rates within the same dome.- Precautions must be taken to identify and evalu-
ate these anomalous zones before the design of the storage area is finalized.
This behavior could jeopardize any gravity drainage system based on drift
gradient alone. In that case, sumps and pumps may be required to drain the
workings.

2.3 - System Definition

2.3.1 - Description

Paragraph 5. The slope of 1:1,000 (0.1%) is inadequate to insure drainage
over the life of the installation. If any subsidence occurs over the life of
the installation, the problem will be particularly bad. A slope of 5:1000
(0.5%) would be a minimum in my opinion, and 1% would be better.

Paragraph 6. Is slabbing of the pillar ribs to reduce entry width not
considered, since only creep is mentioned?

A large upward slope outward from the shaft should be adopted with caution.
Although the slope allows water to flow more easily toward the shaft, it also
encourages heated air to accumulate along the periphery of the excavated area
and make it more difficult to remove heat from the storage area by ventila-
tion. Salt domes have a bad record for flooding, and this could jeopardize
miner safety and repository use.
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Eighth paragraph

The steel upright supports should be of the yielding type; otherwise, creep
closure could cause them to buckle - as they did in the International Salt
Company's Detroit Salt Mine.

Refuge chambers complete with communications, air, and self-rescuer equipment,
and fireproof, water and airtight doors should be located in the shaft pillar
area for use in the event of fire, gas or water outbursts, hoist failure,
radiation leakage, etc.

According to the dimensions of the crosscuts, the sill pillar between the
floor of the ventilation exhaust corridor and the back (roof) of the main
level crosscut is only 19 feet thick.

2.3.2 - Operations

Exploratory drilling from the pillar areas does not necessarily have to be
core drilling, unless some core testing is required. Such drill holes should
fan out vertically and horizontally and not be just limited to the 2,100 ft.
level. Short holes (50-100 ft.) could be drilled from the face and ribs as
the corridors are advanced.

2.3.2.1 - Room Finishing

Track assembly could be performed in an underground shop. These would be
easier and safer than handling 17-1/2-foot track sections on the cage.

The delay in the laying of track for six months to allow for stable conditions
implies that track buckling with time is a possibility. Is it? If so, what
provisions have been made to maintain haulageways during the constant use of
such haulageways?

Are there any problems with methane gas which could be ignited by sparking
from cutter teeth or by sparking discharge from electrical power supplies?

2.3.2.2 - Backfilling Operations

See Item 4 under General Comments.

2.3.3.4 - Diesel-powered equipment should be outfitted with automatic fire
suppression systems. Hbwever, since the continuous miners, shuttle cars,
etc., are electric powered, consideration should be given to using electric
powered track-laying equipment. This equipment could be battery-powered for
maneuverability. This would reduce the fire hazard from diesel-powered equip-
ment and diesel fuel storage and reduce ventilation requirements.

2.3.3.7 - Backfilling Machine

Will the vacuum system on the burial hole drilling machine and the backfilling
machine create noise problems?
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2.3.3.8 - Figure 2.3-1

The dimension between the centerlines of holes (4' diameter) is meaningless.
What diameter are you referring to?

3.2.1 - Functions

The function of the waste shaft is to allow the transfer of waste containers
underground for storage. Are the needs any different if this shaft is used
to retrieve the containers?

3.3.1 - Description

Unlined excavation diameter allows for closure by creep but not by slabbing.
Are provisions for lagging or lining provided in case they become necessary?

All shafts should have a lined sump and pumping system for safety.

Table 3.3.2 - Shaft Components

The breaking strength of concrete of good quality is 5000 psi in uniaxial
compression testing. The tensile strength is much less. Is the concrete
reinforced with rebar?

3.3.2.2 - Shaft Lining

What has been the history of unlined shafts in salt domes to depths of 2100
feet or more?

All shafts should be fully lined for safety and to preserve the structural
integrity of the installation.

While the shaft is unlined, it looks like an excellent opportunity to measure
the behavior of the salt with depth with rock mechanics instrumentation.

The geometry is simple-circular. The directional convergence can be used to
define the principal stress-strain direction if the stress field is not hydro-
static and the behavior with depth and increasing pressure can be defined. In
addition, the extent of flow can be defined with multiple anchor extensome-
ters, the physical properties evaluated and the variability of the salt was
defined. Since much design will apparently be by finite element methods, the
knowledge of the real world behavior in terms of constitutive relationships is
critical.

3.3.3.1.1 - Conventional Method

In 3.3.3.3 unlined shafts are proposed. Here the possibility of weak rock and
groundwater problems are mentioned for raise bored shafts. Are the two
consistent?
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3.3.3.1.2.- Borehole Drilling

Blind borehole drilling is much safer than the conventional drill-blast-
mucking method, because no men work in the shaft during construction and
casing.

3.3.3.1.3 - Probable Methods

In raise drilling, the pilot hole is enlarged to the final shaft dimensions by
reaming the hole from the bottom up.

One advantge to using a conventional shaft sinking method is the flexibility
it provides and allows for unexpected problems or early changes in design or
lining requirements when they are encountered.

3.3.3.1.4 - Shaft Grouting

Because of the core recovery process, laboratory samples which represent the
best and least broken of the material sampled are poor estimators of the in
situ permeability behavior. Tests for bonding of grout on such samples in the
laboratory may be desirable particularly if the samples are partially frac-
tured by stress before grouting to simulate the weaker material lost when it
is not cored.

3.3.3.1.4 - Shaft Grouting

Ring drilling and grouting from the surface may control the ground water
inflow sufficiently so that most of the shafts could be raise-drilled, which
is faster and less expensive than conventional methods.

3.3.4 - Instrumentation and Control

How are the Mohr-Coulomb relationships obtained from extensometer readings?
These are used for stability analysis and not stress-strain relationships.
The use of the U.S. BuMines borehole shear tester developed on contract by Dr.
Handy of Iowa State Uhiversity could be used to determine this relationship
in situ. The relative magnitude of the horizontal component of the in situ
stress field can be estimated, not determined, assuming some in situ physical
property relationships.

3.5 - Alternative Designs

Drilling two small exploration shafts and investigating the salt dome prior to
full-scale construction is an excellent idea and one that is quite often prac-
ticed by industry before developing large ore bodies. Although this will add
to the origini cost of the repository, it is good insurance against possible
expensive surprises at a later date.
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Vol. II, Part 4

3.0 - Radiological Monitoring Systems

The reviewer's comment on this section was that there was very little of a
concrete nature to evaluate.

7.2.2.1.1 - Operational Functions

I am not clear about the statement that the direction of flow of the
ventilation system should be reversed in case of fire, etc. Does this mean
that the men and materialsTshaft could be on exhaust? Reversal should depend
upon the location of the fire.

7.2.2.2.1 - Normal Performance

Statement implies that gasoline-powered vehicles will be used underground.

7.2.3 - System Definition

In addition to drawing M . 449, for cIarity show the repository layouts and
flow diagrams (arrows) of intake and exhaust at various stages of development
and storage.

7.2.3.3.1 - Ventilation Balance Requirements

Although the problem of stratification has been recognized, ways of reducing
layering should be explored in this report.

7.2.3.3.2 - Conditioning the Underground Air Supply

Has an estimate been made of the heat load that might be concentrated near the
sites of excavation and from that the maximum expected temperature? With at
least 6 continuous miners, 12 shuttle cars, and other equipment working simul-
taneously plus the heat load from the salt, the temperatures could be too
high. Deep salt dome mines such as the Hbckley Mine are very hot in spite of
a much lower rate of excavation and the use of drilling and blasting instead
of continuous miners.

Mention is made of possibly using methane or propane gas jet heaters for spot
heating. Applicable regulations should be checked to determine if this proce-
dure is allowed.

7.3.3.3.6 - Fires in the Storage Area

See comment on use of all electric-powered equipment in Section 2.3.3.4.

9.1 - Missing



10

Memorandum to Mr. Nicholls, Wash., D.C.

9.3.1.3 - Instrumentation System

Salt domes are more complex than assumed. The brief reference to rock mechan-
ics instrumentation on pp 9.3-3 and 9.3-4 suggests that the complexity of
these problems is not appreciated and is not being adequately addressed. The
ONWI-315 report--in draft form--fully addresses the need for a preliminary and
continuing rock mechanics program. The preliminary program would include
shaft bottom studies and an at depth test facility. The rock mechanics pro-
gram would provide feedback to a continuing analysis and design refinement
effort.

9.3-4, Second paragraph

The strain relief technique recommended for estimating the three-dimensional
in situ state of stress should be calibrated in the dome salt under known
stresses and temperatures simulating in situ conditions.

9.3.1.4 - Plant and Instrument Air

Install CH4 detectors and alarms on continuous miners in the event that they
excavate into a gas pocket.

9.3.1.7 - Fire Suppression

Consider installation of fire detectors, stench warning system and automatic
fire sensing and suppression systems as described in Bureau of Mines Technolo-
gy News Items Nos. 69, 138, and 74 (attached). The stench warning system
could be backup to other warning systems.

Vol. III

First page of Table of Contents is missing.

1.2.4, Criterion 4. Buffer Zones

While it would be nice to assume that "buffer zones between the mining and the
edges of the salt dome represent areas of essentially undisturbed geological
environment, and contribute to the overall isolation capability of the reposi-
tory", the process of salt dome formation through plastic flow will dictate
otherwise. Salt domes are often of complex geologic structure with faults,
joints, folds, etc., in abundance. For example, the article, "Structure of
Salt in Gulf Coast Domes", by D. H. Kupfer in the Symposium on Salt, the
Northern Ohio Geological Society, Inc., Cleveland, Ohio, 1963, pp 104-123 re-
veals that the domes are really structurally very complex. In figure 431 the
buffer zone of 800 feet is at the metamorphosed contact with the intruded
sediments.

1.2.8 - Criterion 8, Surface Hydrology

The possibility of mine inundation from surface water should be addressed
directly, particularly if multiple level mining is planned at any later time.
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History indicates that surface subsidence over mining in salt can be apprecia-
ble. The recent inundation at Jefferson Island from an oil well hole indi-
cates that if the mine is flooded by surface water, the results could be
catastrophic.

1.4.10--1.4.11 - Safety Progress

Good. Safety training of personnel and planning for underground emergencies
are very important.

Sections 2.1.16.2, 3.1.3.1 and Figure 3.1.15 - Has an analysis been made to
evaluate possible tensile cracking of the dome surface during the estimated 5
ft. of uplift caused by thermal loading? The outer edge of the dome should be
cooler and relatively brittle compared to the core of the dome. Tensile
cracking might cause fissures that would allow water to enter exploratory
holes or anomalous zones such as faults.

2.2 - Underground Systems

2.2.6.1 - Basis

Rooms are overexcavated to 21 feet to insure a 20-foot height after 5 years.
Then what? Parts of the repository must be kept open until the year 2018.

2.2.6.2 - Supporting Information

The effect of end constraint on the pillar stability is perhaps the most
important factor for pillar strength. Widespread use of width to height rela-
tionships while ignoring the role of constraint has been responsible for the
slow progress in pillar design which in some respects has not changed in the
last 149 years since Vicat in 1833. If the roof and floor are of the same
material, the roof sag and the floor heave should be approximately equal. If
the materials are different as in coal mining, the two will be very different.

The factor of rib slabbing for 15 or 16 foot high pillars at depths of 2100
feet could be an important factor in determining the room width.

Sec. 2.2.8.2, last paragraph.

It is stated that failure in the buffer zone is not expected unless its
thickness is less than the pillars between rooms. Depending on what is meant
by failure, this assumption should be considered carefully. Whenever the
pillars between storage rooms begin to cool, they might unload rapidly leaving
the buffer zone to hold up much of the overburden over the repository. This
possibility is an extension of the yielding pillar concept advanced by Serata
and many others. The phenomenon described is illustrated in the report, "Re-
pository Scale Bench Mark Study--Submitted to OMWI, Battelle Memorial Insti-
tute", by the University of Minnesota, October 1980. The authors are C. M.
St. John and M. Christianson.
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2.2.9.1 - Basis

The use of stub drifts to reduce the abutment stiffness to reduce roof and
floor problems is an interesting one used by Plnumeau at the Cargill Cayuga
Rock Salt Mine, New York, and by others.

2.2.2.1 - Shaft Pillar

Is a safety factor of 1.5 enough? How was this determined? What kind of
constraint was assumed? Is the safety factor based on tributary area concepts
that allow for no stress concentrations in the pillar? If so, the safety fac-
tor is much less than 1.5.

2.2.22.2 - Supporting Information

Wilson assumes a smaller pillar size than Wardell, both of England, and both
associated with the National Coal Board at one time or another. Wardell's
pillars are about twice as large in area as those of Wilson. If the con-
straint assumed by Wilson can be obtained, his pillar size could be used.
However, if the constraint changes with time or is less than assumed,
Wardell's pillar size would be preferred. A comparison of the Wilson-Wardell
equations for use in coal was reported by C. Babcock, et. al., in a paper,
"Review of Pillar Design Equations Including the Effects of Constraint", pre-
sented at the First Annual Conference on Ground Control in Mining, West
Virginia University, 1981. A. H. Wilson ahd Z. T. Bieniawski (Penn State)
both gave papers at that conference. Abel of the Colordo School of Mines was
also present. They agreed with the findings of the authors in the paper
cited.

The use of density, angle of internal friction and cohesion implies the
Mohr-Coulomb stress-failure theory.

2.2.1.1 - Basis

Table 2.2-1 does not list properties of the dome salt which should be
included.

2.2.13.1.2 - Engine Fuels

If only electric-powered equipment is used underground, any fire hazard
presented by engine fuels would be eliminated. (See Vol. II, Part
3,2.3.3.4)

2.2.13.1.4 - Combustible Underground Support Material

Combustible structural materials should not be used underground. Roof bolts,
steel props, wire mesh, structural steel and concrete should be used for
structural support. This would eliminate a fire hazard.
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2.2.18 - Design Basis Fires

Install automatic fire suppression systems where feasible.

2.2.21, 2.2.22 - Shaft Pillar and Pillar Strength

Can Wilson's pillar analysis technique be used for pillars in a salt dome?
There is a question as to how much confinement there can be in a salt pillar.
Also, if Wilson's design criteria are used, should the cohesive strength be
used for the strength of the yielded zone because of the properties of the
salt?

Are the strength properties of the salt, especially the uniaxial compressive
strength of 2445 psi, and the cohesive strength of 450 psi really
representative?

2.2.22 -The design stress on the panel pillars is stated to be 2,970 psi which
is based on the tributary area concept. This estimate holds only as long as
the pillars are not heated from the waste thermal loading. Once we assume
that the pillar temperature rises before the entire dome's temperature rises
likewise, then we must accept that the pillar tries to expand vertically but
is restrained by the unheated portion of the dome. This restrained expansion
causes the stress on the pillar to rise markedly by above the assumed design
stress. This phenomenon is illustrated in the report by St. John and
Christianson referred to above. In addition, the heating of the dome salt
causes it to try to lift its overburden and some of the surrounding strata as
well by means of shear coupling. This uplifting action of the dome further
increases the average vertical stress in the dome.

The use of the Wilson pillar design equations, developed for relatively weak
coal in deep British coal mines is not justified for salt pillars. Lomenick
(68') p. 79, says that he could not cause brittle failure in W/H - 4 model
salt pillars under any load.

2.2.21.1 - Basis

How can the Pennsylvania mining codes relative to shaft pillars from coal
mines be applied to a salt repository? The codes available to the review only
apply to depths of 800 feet. It is suggested that the following reference be
consulted: Jack J. K. Daemen, The Effect of Protective Pillars on the Defor-
mation of Mine Shafts, Rock Mechanics 4, 89-113, 1972.

2.2.23.2 - Supporting Information

The equation ascribed to Lomenick was based on salt from the Lyons
Mine and should be used with caution to estimate room closure in any other
salt deposits. Figures 33 and 34 in Lomenick's dissertation (68') shows that
model pillars of salt from various mines shortened over a 2 to 1 ratio when
tested under identical conditions.
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3.1.2.1 - Far-Field Criteria

It was stated that there could be an uplift of the surface of from 4 to 5 feet
due to temperature increases. Will this cause any problems with the shaft
pillar, shaft itself, or with the sealing of the shaft?

3.4 - Special Studies - Retrieval

3.4.5.1.2 -It is stated that the near field lithostatic stress in the floor
around the canister holes is estimated to be about 1,800 psi. On what basis
is that figure determined? The significance of the 1,800 psi figure is that
1) The rate of closure of the holes is based on it, and 2) The eventual pres-
sure on the canister hole sleeve liner is apparently assumed to be limited to
that stress. Several considerations make it appear that the 1,800 psi assump-
tion is too low. Stress measurements made in salt mines, such as the former
Carey Salt Mine in the Winnfield Salt Dome and the Hbckley Mine, Hockley Salt
Dome, often show the state of stress to be approximately hydrostatic. If we
assume hydrostatic stresses before excavation, the horizontal stress in the
repository floor before excavation would be about 2,100 psi and still higher
after excavation due to a stress concentration perpendicular to the room axis
around the 21 ft. high and 18 ft. wide rooms.

Also, if the holes are on 4 ft. centers as proposed, there would be a further
stress concentration of stress in the webs between holes equal to a factor of
1.71. Again, assuming initial hydrostatic conditions, the minimum average
stress in the webs would be about 1.7 x 2,100 = 3,570 psi. However, section
5.5.3.3 says the burial hole liner crush limit is 2,310 psi, and section
2.7.3.3 says the maximum external (collapse) pressure is 400 psia at 4000 F.
Does the liner collapse pressure assume uniform loading around the liner? If
so, this is a poor assumption, because the proximity of adjacent holes will
cause the holes to deform to an elliptical shape and cause line loading of the
liners. Oil well casings in salt collapse by buckling inward even when ini-
tially loaded uniformly. The liners would do likewise which would in turn
load the canisters along a line. For this reason, the canister design should
assume line loading.

The Sandia report, SAND 81-1389, "Comparative Analysis of Mine Structural
Codes Used in the Second WIPP Benchmark Problem", analyzes a storage room in
salt at a depth of 2,140 feet, assuming an initial hydrostatic stress state.
The analysis showed that the thermal loading increased the horizontal stress
in the floor by about 30% assuming a planar heat source. A cylindrical heat
source in a hole should cause an even greater stress rise in the walls of the
hole.

3.4.6.3 - Instrumentation

If the reports given at the December 2-3, 1981, meeting held in Denver and
sponsored by the Lawrence Livermore Laboratory (LLL) can be believed, few if
any, instruments behave as expected at elevated temperatures. Readout instru-
ment design and improvement should receive a major emphasis if the results ob-
tained are to be treated with confidence. According to one speaker only the
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thermocouples worked as expected. It may be pointed out that most rock
mechanics instrumentation including those developed by the U.S. BuMines are
for mine temperature use. Most, if not all, will require modification and
testing for elevated temperature use.

3.5 - Al ternative Design

I approve of the concept, because the structure of salt domes is very complex,
and site verification may lead to changing the placement of shafts or indicate
the best method of shaft design while it is still practical to do so.

3.5 - Special Studies - Recovery

3.5.6.3.8 - Ground Control

Paragraph 4. The statement, "The 100 pcf represents 20 percent void which has
to be filled up by room closure before the roof is completely supported", is
correct as far as it goes. Add to this the 10 or 20 percent void over the 100
pcf salt, and a total closure of 30 to 40 percent is indicated. Salt with a
density of 2.2 would have 37.5 percent voids for a placement density of 100
pcf. In that case the total closure would be 47.5 to 55.5 percent. Consider-
ing an extraction ratio of 25 percent and a 15 foot mining height, the total
surface subsidence would eventually be about 2 feet. A surface volume of 90
percent of the mined out void is often assumed in coal mine operations. The
survival of rock bolts themselves after 30 years may be doutful if corrosion
occurs. The use of yielding sets seems to be a good choice.

3.5.7.1.1 - Storage Room Re-Excavation

After the rooms are backfilled, if there is a considerable compaction of the
broken salt as is assumed, it may not be possible or certainly will not be
easy to remine all the old openings unless they are marked in some manner.
This could be done by rock dusting using rock of a bright color that contrasts
well with the-salt. In addition to making remining easier, it would also
serve to prevent mining of the old solid pillars and leaving as new pillars
the old partly consolidated backfill which would be very weak for support pur-
poses. Ground control problems would almost certainly result.

Vol. V, Part 3.0 - General Comments

The consideration of three separate scenarios as to shaft locations is a good
one because of the probability of unexpected ground control problems that can
occur with respect to shaft location and use.

1.3.1 - Alternative Shaft Layouts

The split shaft plan has the advantage of minimizing the ton miles of haulage
required over the flank shaft plan and the factor of less risk in terms of the
loss in damage from surface subsidence.
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3.1.2 - Reference Salt Dome

The statement that "the salt is homogeneous, etc." may be true with respect to
chemical composition but apparently is untrue structurally if faults as large
as 200 feet exist. Computer people modeling the stress-strain behavior should
not confuse the difference.

3.1.8.3 - Ventilation Velocity Criteria

It is easier to specify uniform air flow in a complex mining structure than it
is to realize. How is the air flow requirement to be monitored and
maintained?

3.2.1 - Underground Layout of the C.S. Repository

What happens if a shaft cannot be used because of necessary repairs or, as
sometimes happens, a hoisting rope breaks? Two ropes at separate mines broke
during the mining experiences of one reviewer.

arence 0. Babcock

Enclosures
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ohn G. Kovac
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Review of NWTS Conceptual Reference Respository Description (CRRD)

The designs for the shaft and hoisting systems are based on conservative

engineering practices and state-of-the-art technology. These designs are

feasible and technically sound and, thus, should meet the requirements in

the proposed 10CFR Part 60. Since the respository will be built and operated

under Federal and regional mining regulations, it is reasonable to expect

the safe operation of the shaft and hoisting systems over the lifetime of

the repository.

However, there were minor computational errors in Section 3.3 of Volume 2,

Part 3 of the CRRD report, involving calculations of air flow rate or cross

sectional area for shaft ventilation. These errors and recalculated values

are given below.

For a shaft with a circular cross section, the air flow rate through

the shaft is given by:

(1) Cross Sectional Area = pi x (Inside Diameter)2 /4

(2) Air Flow Rate = (Cross Sectional Area) x (Air Speed)

Section 3.3.1.3. Ventilation Supply and Emergency Egress Shaft

Inside Diameter = 25.5 ft

Air Speed = 1580 fpm

CRRD Air Flow Rate = 802500 cfm

Recalculated Air Flow Rate = (510.7 ft2) x (1580 fpm) = 806906 cfm

Section 3.3.1.4 Respository Exhaust Fan

Inside Diameter = 22 ft

Air Speed = 2220 fpm

CRRD Air Flow Rate = 842000 cfm

Recalculated Air Flow Rate - (380 ft2) x (2220 fpm) = 843894 cfm
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Section 3.3.1.5 Development Exhaust Shaft

Inside Diameter = 16 ft

CRRD Cross Sectional Area = 120 ft

Recalculated Cross Sectional Area = pi x (16 ft)2 /4 = 201.1 ft2

CRRD Air Flow is calculated correctly.

While MSHA regulations do not, at present, require metal and nonmetal mine

workers to be equipped with Self-Contained Self-Rescuers (SCSR's), the NRC

and the DOE should give due consideration to deployment and storage of SCSR's

as part of the repository design. An SCSR is an emergency breathing apparatus

designed for the purpose of mine escape and is capable of providing at least

60 minutes of self-contained oxygen, regardless of the ambient atmosphere.

SCSR's are commerically available and have been approved by NIOSH and MSHA

for in-mine use. It seems likely that SCSR's could provide a measure of

respiratory protection in the event of an accidental release of radioactive

particles into the atmosphere inside the repository.

Another point, mining technology for'a recovery mission has not been

demonstrated and remains to be developed. In order to safely meet the

requirements of a recovery mission, the CRRD report considered a conceptual

design for a mining machine equipped with radiation shielded, sealed-environment

operator's cab. Given the radiation and thermal hazards associated with a

recovery mission, another approach suggests itself: namely, a robotized

system for waste-canister emplacement, retrieval, and recovery which eliminates

the need for a work crew to be immediately present. Development of such a

system would necessarily be a long-term effort. But, the payoffs in terms

of improved safety and overall reliability that a robotized system offers

would make such a research and development effort worthwhile.
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From: M. A. Trevits, Supervisory Geologist--MC

Subject: Review of NWTS Conceptual Reference Repository Description (CRRD)

The requested review of the subject report has been completed and comments are

enclosed. Additionally, Volume 3, Section 2.4 Geologic Characteristics was

also reviewed because of our experience in domal salt. A total of 52 hours

was charged against account 6697.

Michael A. Trevits
Enclosures
cc: J. N. Murphy

R. L. King
M. A. Trevits
J. H. Perry
D. M. Hyman
S. J. Schatzel
E. C. Baker

MC:MATrevits:ksc



COMMENTS ON NWTS CONCEPTUAL REFERENCE DESCRIPTION (CRRD)

By

David M1. Hyman, Steven J. Schatzel, and Eugene C. Baker

VOLUME 2, PART 1, SECTION 3.2.1 - 3

General Layout - Including Shaft and Support Facilities

These paragraphs describe general surface plant facility locations and

the only concerns here are that any flooding not invade the repository via

surface openings of shafts which seems to be accounted for if the design

basis flood determination is accurate.

VOLUME 2, PART 3, SECTION 2.1 - 3

Underground Layout and Development Scope/
Performance Characteristics System Definition

Consistently, 5-year retrieval periQds are specified in the report whereas

10 CFR Part 60.111 [a] [2) explicitly states that a retrieval period on the

order of the emplacement period must be able to occur at any time up to 50 years

after the end of the emplacement. The emplacement period is assumed to be on

the order of 30 years.

Continuous mining methods in domal salt generate a considerable amount of

dust and should be considered in the ventilation design.

The core drilling operations that precede mining must Include gas detec-

tion and shut-in capabilities. A grouting rig should be on stand-by during

this drilling in the event of encountering unexpected liquids. How will the

encountering of gas-enriched and brine zone affect future development and

waste emplacement designs? An article from Science, Volume 215, March 19,

1982, is enclosed to illustrate an actual encounter of a brine pool in a

nuclear waste repository.

The area where underground cross cut corridors pass beneath storage ven-

tilation exhaust corridors is of some concern. A slab of salt 30 feet in
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length and width and 20 feet thick separates these zones. Steel beams and

supports may not be sufficient with over 2,000 feet of overburden and a 20-

foot thick slab of salt separating two incompatible airways. It is standard

practice in the domal salt industry to leave about 150 feet between mining

levels with overburdens-on the order 'of 1,000 feet.

VOLUME 3, SECTION 2.4

Geologic Characteristics

Although comments were not requested on this section, the Methane Control

Group has some experience in domal salt geology and offers the following

comments.

Various structures external to the salt dome are discussed, but the dome

itself is considered to be homogeneous internally. Many of the anomalous

structures in a salt dome are near-vertical in orientation and direction of

elongation. Vertical exploratory core holes from the surface have a rela-

tively low probability of detecting these anomalous features. These features

are most likely seen during extensive horizontal drilling at and around the

level of the repository. The favorable permeability and porosity values cited

in this section are not in general applicable in anomalous zones. It seems

that the internal structures of salt domes are not considered in repository

design. A paper, uProblems Associated with Anomalous Zones in Louisiana Salt

Stocks, USA" by Dr. D. H. Kupfer in the Fifth Symposium on Salt, Volume 1,

pages 119-134 discusses some characteristics of these anomalous zones and

Is presented as an enclosure.

The use of a salt dome for a repository must preclude any access to pe-

troleum and gas resources in that geologic structural area. The Jefferson

Island domal salt mine flooding is an extreme example of the vulnerability

of this structure to drilling operations.
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VOLUME 3, SECTION 3.7

Special Studies/Seismic Design

This section of the report addresses the dynamic loading of surface struc-

tures on soil systems in response to 0.1 g ground accelerations. This subject

is not within the expertise of the Methane Control Group.

COST IMPACT REVIEW

Comments are directed to the Conceptual Estimate Summary, Appendix, Volume

1, which incorporates and summarizes the cost accounting entries for the Base

Case which is the same as the Base Case and Alternatives accounted for in Vol-

ume 5, Parts 1, 2, and 3, Chapters 3, 7, and 5, respectively.

General Comments

Volume 1 provides a good overview of the CRRD.

Permanent Plant items listed in Table 1-1 provided a basis for random

costing. Estimates on categories costed appeared reasonable.

Labor costs were adequate and cost percentages used to determine super-

vision, overhead, materials and supplies were within an acceptable range for

most entries.

Specific Comments

I. Capital Cost, Volume 1, Appendix, Section 1

Table 1-2 (a) General Site Facilities: Should they not be proceeded by Explo-

ration, Environmental Impact Statement and permits all of which

would exceed 1 million dollars.

(b) Should not equipment replacement cost (Table 2-1) be capitalized

rather than expensed?

(c) Working capital should be included. If one third of the nuclear

waste producing plants will dispose at this facility, they will

probably be charged a rate which collectively will pay the annual

operating costs. If not, working capital will come from the

Government.
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Table 1-2 (d) Cost of land should be included. If Federal, it should be

mentioned.

(e) .Interest during development should be added.

Appendix, Volume 1, Section 1-1.4.3 Are fringe benefits at 35 pct (1979) in-

cluded in the $15/hour rate. Shouldn't it be mentioned?

Volume 5, Part 1, Chapter 3, Paragraph 1, second sentence: Eliminate the word

"discounted". No revenue is generated, no cash streams to dis-

count.

II. Operating Costs, Volume 1, Appendix, Section 2

2.1.7 Maintenance Materials - Why not include necessary operating supplies?

For the past 2 years operating and maintenance supplies and parts have

amounted to 90 pct of total direct labor.

Type of Cost Study

An order of magnitude study is highly variable, as much as + 40 to 50 pct.

This study, with hypothetical additions of the cost of land, working capital,.

interest during development exploration, EIS and permits could well be classed

as a preliminary study with an accuracy of less than minus 25 pct.
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Review of NWTS Conceptual Reference

Repository Description (CRRD)

by

William M. McKewan

Volume 3, Section 3.1, Topic: Special Studies/Thermal

Introduction

It is of Interest that no special studies were made specifically for the

CRRD. Although there have been numerous previous studies on similar systems

there is enough of a critical nature in the variables that it will be neces-

sary to to do all calculations over when the final possible sites are selected.

The main assumption is that spent fuel assemblies will be stored, and that

the assemblies will be 10 years old based on their discharge from reactors.

Thermal Criteria

Tentative performance limits from previous studies were used. This is a

reasonable first approximation. However, these performance limits are site

specific and require considerable further analyses prior to any final site

decision.

Far Field Criteria

The major criteria is that the maximum surface uplift due to heat expansion

should be less than 4 to 5 feet. It is believed expansion more than this

would produce cracking in the strata and allow ground water to reach the salt.

It is proposed that the surface temperature increase should be less than 1°F.

this is probably not a critical requirement as normal temperature variations

would completely overshadow this slight variation.
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The temperature rise in any surrounding aquifers must not exceed 10'F.

This is a critical requirement and must be studied further. Temperature

rises in aquifers can effect the movement of water to the salt dome and

could affect the salt dome dissolution rate.

Very Near Field Criteria

The maximum spent fuel cladding temperature must not exceed 3920F (200'C)

in a reducing atmosphere. This criteria will in turn determine the near

field design.

The salt must not exceed 500-608'F (260-320'C). Above these temperatures

brine-filled salt can shatter violently. Dome salt does not usually behave

like this. However, if moisture gets Into the dome from some source, the

danger will be there.

Near Field Criteria

The room height closure must not exceed 10-15%. This is necessary for

possible retrieval. It cannot be calculated until a site is selected.

Thermal Analysis Results/Far Field Analysis

The models checked did not allow for the actual rock tensile stresses. This

cannot be done unless the actual rock types are shown. In all probability

a computer study would be needed in order to test each potential site before

selection. The effects of temperature change on the tensile stresses is highly

important. In addition, the effects of temperature changes on the aquifers

needs to be studied to see if the 10'F maximum rise criterion is reasonable.

The veritical and radial displacements will not be a problem unless the strata

crack and admit additional water to contact the salt dome.



Very Near Field Analysis

Based on the reported research, the primary concerns are the stability

of the cladding material, the canister, and the backfill. The spacing of

the canisters has to be such that container assemblies will not be damaged

by heat and the generated heat can be dissipated safely. There have been

considerable calculations done on a variety of materials. However, the

spacing calculations cannot be made until the actual materials are selected.

Both computer calculations and experimental research should be done on

candidates for the materials. The safety of the site and the retrievability

of the canisters is directly dependent on these selections.

-Near Field Analysis

The near field analysis considers the effects of room closure on the

repository. This will be dependent on the type of salt dome selected, the

overlying strata, the temperatures encountered and the salt moisture content.

The selection of the possible sites will have to be made before any Meaning-

ful calculations can be undertaken.
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Memorandum

To: Lewis V. Wade, Deputy Research Director, PRC

From: Fred N. Kissell, Research Supervisor, DCV

Subject: Review of NWTS Conceptual Reference Repository Description (CRRD)

General: The ventilation aspects of this report involve air quantities, shaft
sizes, etc., calculated based on some initial assumptions on storage room dimen-
sions, specifically 21-ft-high x 18-ft-wide initially or 20 ft x 16.5 ft after
5 years (Vol. III, page 2.2-8). Spent fuel canisters are indicated to be about
15.5-ft-long (Vol. 1, page 3.2-4) and emplaced vertically. It should be pointed
out that the size of the excavated storage room is extremely significant with
regard to the overall design and operation of the repository. Not only are
ventilation quantities, shaft sizes, etc. affected, but the amount of material
removed, handled and backfilled changes.

I think a 21-ft x 18-ft storage room is too large. Serious consideration
should be given to shorter canisters as well as emplacing them at an angle.
For example, one canister could be placed in the floor in the center of the
room at a 450 angle forward. Then 2 other canisters could be placed at the
sides angled 450 outwards. This spacing might permit rows of 3 canisters
instead of 2, possibly increasing the overall capacity of the repository.
Not nearly enough planning has gone into this canister emplacement process.

General: The report is too highly theoretical, and does not depend at all on
the practical experience of people who have actually done salt mining. Engi-
neers who have experience in the operational aspects of salt mining should be
engaged in the planning. Similarly, many design assumptions can be verified
by measurements in existing salt mines.

Vol. III, Section 2.2, Underground Systems:

Part 2.2.17.2. Transporter ventilation requirements are calculated assuming
325 horsepower per vehicle. This seems like an unreasonably high horsepower
for a vehicle that only transports canisters. I suggest this be reviewed and
ventilation requirements be recalculated.

Volume II, Part 3, Chapter 7, Section 7.0, Underground Ventilation System:

Part

7.1.2.2. This part calls for a foam dust suppression system as a primary
means of dust control. USBM published results have indicated
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that foam has very limited effectiveness for dust control, except
under special circumstances. The primary means of dust control
must be by ventilation, that is, by ducting dust sources into
return airways. In addition, liquid on the salt will cause enor-
mous material handling problems. More on this later.

7.2.2.1 .1

7.2.2.2.1
also

7.2.2.2.2
also

7.2.3.3.4

7.2.3.1
also

7.2.3.2

7.2.3.3.1

The need for any surface pretreatment of air is questionable.
The statement. that airflow should be reversed in case of fire
incorrect.

is

I'm not aware of any USBM recommendation that ventilation systems
be reversible, or any state codes that call for diversion systems
to reverse airflow. Any axial-flow fan may be electrically re-
versed by changing wires. By running backwards, the fan puts out
half the pressure, which is adequate, considering that its use in
that mode during a fire is unlikely.

Fire evacuation plans for a mine depend on the airflow, and a
change in airflow during an emergency is the surest way to foul
things up. Who makes the decision to reverse the airflow, know-
ing that such a reversal may cost more lives than it saves?

Any notion of ventilation reversal must be dropped, and evacuation
plans based only on a fixed direction airflow.

There is no need to filter development air, either at the intake
or at the exhaust. Similarly, heating and coils are not necessary.
Air tempering with gas jets as described in 7.2.3.3.2 is probably
the most that is necessary. Has anybody thought to check with any
Louisiana salt mines and ask them what they find necessary? Under-
ground spot cooling is appropriate, if found to be necessary.

I doubt whether diesel fume stratification is as significant as
the report indicates, but I do agree that the minimum air velocity
should be 100 fpm.

7.2.4 Air quantities here seem to be calculated on a storage room dimen-
sion of 21' x 18'. No common type of continuous miner that I know
of will cut 21' high. So, I assume that plans are to drive a room
10' x 18', then to re-drive an 11' bench in the floor. Consider-
ations such as these will affect auxiliary fan selection and
overall ventilation estimates.

7.3.2.2.2

7.3.3.3.3

Methane gas releases will be much more of a problem during devel-
opment compared to storage.

I agree with the comments on local cooling, but remember this
involves piping water underground, which cannot be taken lightly
at salt mines because of problems associated with leakage and
spillage.
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7.4 The dust control system which is described is totally impractical.
Published studies by the USBM attached to this memorandum have
indicated that foam has limited effectiveness for the applications
visualized in this report. Moreover, 7.4.2.2.1 and 7.4.3.4. indi-
cate a water flow rate of 5 gpm at each foam application point.
Drawing #437 indicates some 25 application points, so I presume
this represents a total flow of 125 gpm of water. When water is
added to salt, the result is clogging and caking. In other words,
severe material handling problems, not to mention very great sur-
factant costs.

Practical dust control in mines relys on water and ventilation.
Where water use is not possible, the primary control method is
always ventilation. What this means for the repository is that
dust sources must be ducted into return airways. In the develop-
ment ventilation system, air cleaning is neither necessary nor
desirable. For example, if dust at a belt transfer point is
expected to be a problem, the best solution is to enclose the
transfer point with a hood and duct a few thousand cfm from the
hood to a return airway. If this kind of arrangement is imprac-
tical as a result of the return being too far away, then the next
alternative is a dry dust collector such as a baghouse.

7.4.3.1 I believe the author means silica, not silicon. The suggestion
is made in this part that negative pressure of primary exhaust
air can be used to control dust during backfilling by causing
in-leakage through the air seal and that this would allow elim-
ination of the baghouse. I agree with this approach. Baghouse
systems might be available as a backup only.

With regard to salt storage on the surface, I suggest you contact
some companies who are currently storing salt to see what the
problems are. __,

Fred Kissell

Enclosures



USBM Studies on Foam for Dust Suppression

1. An Evaluation of Three Wet Dust Control Techniques for Face Drills. BuMines
RI 8596, S. Page.

2. Evaluation of the Use of Foam for Dust Control on Face Drills and Crushers.
BuMines RI 8595, S. Page.

3. Dust Control at a Transfer Point Using Foam and Water Sprays. BuMines TPR 97,
R. Seibel.

4. Control of Respirable Dust by Improved Water Sprays, W. Courtney, L. Cheng.
Taken from Respirable Dust Control Proceedings: BuMines Technology Transfer
Seminars. IC 8753, pp. 104-105.

5. Deter Co., Inc. Dust Suppression in Coal Mines. BuMines Open File Report,
24-73, 1972, 44pp.

6. Hiltz, R. H. Underground Application of Foam for Suppression of Respirable
Dust. Open File Report, 24-76, 1975, 112pp. NTIS PB249861/AS.

7. Wojtowicz, A., J. C. Mueller, W. H. Hedley, J. L. Schwendeman, and Shi-Ming
Sun. Foam Suppression of Respirable Coal Dust. Open File Report, 18-75,
1974, 102pp. NTIS PB240637/AS.
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BUREAU OF MINES

PITTSBURGH RESEARCH CENTER
COCHRANS WLL ROAD

POST OFFICE BOX 18070
PITTSBURGH, PENNSYLVANIA 15236

April 1, 1982

Memorandum

To: George E. Niewiadomski, Manager, Branch of Health Research, Minerals
Health and Safety Technology

Through: Lewis V. Wade, Deputy Research Director) PRC
Henry E. Perlee, Research Supervisor, TSG W

From: Donald N. H. Chi, Supv. Computer Systems Analyst, PRC

Subject: Review of NWTS Conceptual Reference Repository Description (CRRD)
Section 3.3.4

Design basis accidents are defined in section 3.3.4, as "those credible events
within the facility that could cause a release to the environment of radioactive
material hazardous to the public". However, 10 CFR Part 60 also calls for the
option to retrieve the emplaced wastes beginning up to 50 years following completion
of emplacement. Accordingly, any accident or event that may prevent retrieval
of the waste materials within the first 50 years should also be considered.

In addition to the detailed listing of accidents and events for the design
basis, one may want to define some general accident classification schemes and
accident types in order to include accidents and events that may have been
omitted from the list.

Accident classification identifies the circumstances which contribute most
directly to the resulting accidents. Such a list may contain:

1. Electrical -- accidents in which the electric current is most directly
responsible for the resulting accident;

2. Explosing vessels under pressure -- these occurrences are accidents cau!
air hoses, air tanks, hydraulic lines, hydraulic hoses, etc.;

3. Falling, rolling, or sliding rock or material of any kind;
4. Fall 'of roof -- such accident would render an inability to retrieve the

waste anytime within a period of 50 years.
5. Fire
6. Material handling -
7. Non-powered haulage --
8. Powered haulage --
9. Hoisting --

10. Ignition or explosion of gas or dust -- could also include ignition of
other fuel sources such as leaking hydraulic oil, etc.;

11. Inundation -- unplanned inundation of a mine by a liquid or gas;
12. Machinery --

etc.

used by



Accident types deal more directly with human injury/casuality or human failure,
which in turn would-cause undesired accidents. The following is just a partial
list:
1. Struck by falling object;
2. Struck against moving object;
3. Fall from scaffolds, platform, etc.;
4. Fall from machine;
5. Contact with electric current;
6. Contact with heat.

Human factors and operator safety should be taken into account in any design
because human failure frequently contributes towards the major causes of accidents.

The accident classifications schemes of Mine Safety and Health Administration,
OSHA, and Department of Transportation may be consulted.

Donald N. H. Chi

cc: TSG Files
L.V.Wade

P



United States Department of the Interior
BUREAU OF MINES

SPOKANE RESEARCH CENTER

EAST 315 MONTGONMERY AVENUE
SPOKANE, WASHINGTON 99207

April 5, 1982

Memorandum

To: George E. Niewiadowski, Staff Engineer, Division of Health and %1w thih
Safety Technology

From: Research Director, Spokane Research Center

Subject: Review of NWTS Conceptual Reference Repository Description
(ONWI-258)

Specified sections of the five volume document were reviewed in their entirety
by each of the following six reviewers:

Ernest L. Corp
Eugene H. Skinner
Michael J. Beus
Grant L. Anderson
Paul F. Sands
David Nicholson

U431 IS

U

'I

Each reviewer familiarized himself with proposed regulation 10 CFR Part 60
prior to the review. Attached is a comprehensive review and critique combining
the comments of the six reviewers. I

D. D. Bolstad

Enclosure

P.



REVIEW COMMENTS
Report No. ONWI-258

"NWTS Conceptual Reference Repository Description"

General Comments

In general, this report was written much better, and contained better
data and more detailed design information than earlier work on the BWIP.
Also, it appears to be based on a more thorough review of background information.

Volume II is probably the weakest section in that it has poor continuity
and a number of inconsistencies, particularly in relating and sizing portions
of the installation, and in shaft lining.

The Koepe hoisting system is not recommended because it has not been used
extensively in U.S. mining and only one U.S. manufacturer may be able to
supply components. Real technology concerning the system would have to come
from foreign sources. Also, foreign hoisting systems will require much more
maintenance than hoists we know something about.

There seems to be a multitude of hoist sizes and rope sizes; two shafts
apparently have no hoisting facilities. It is recommended that all hoists,
or three of five, be ordered in the same size to provide equipment standardi-
zation and to cut maintenance costs. The safety analysis of such hoisting systems
should be a priority item--safety from the standpoint of accidental aircraft
damage to a 200-foot-high headframe to the safety hazards of lowering canisters.

Something other than Pennsylvania coal mining law should be used for
sizing the shaft pillars. The quoting of various authors in Section 2.2.6.2
(Vol. 3) shows that a considerable difference exists in modelling mine pillars.
Further study of new data should be made on the subject. Also, there seems
to be a point of design philosophy wherein much is made of salt closure, but
little attempt is made to provide the instrumentation to measure that closure.
The use of instrumentation in the-shaft is recommended.

A more thorough approach to safety analysis seems to be justified. The
"Basis" and "Supporting Information" sections do not appear to be the result
of a thorough analysis. Not only should worker safety be considered, but
environmental effects (Vol. 3, 2.1-31) as well. Also, an accident analysis
should be performed for the hoisting system. It is recommended that a MORT-
type analysis be conducted dn the entire site operation.

There appears to be design preference for using carbon steel canisters
(type not defined). Although argument is made against the use of other materials,
no good data is presented for the use of carbon steel.

Section 3.7 on seismic design is considered a good state-of-the-art
review, but nothing is said of the mine structures such as fans, compressors,
etc., and most important the 200-foot, tower-mounted Koepe hoist. There is no



experience with mining companies designing headframes or other equipment for
seismic events. Further, the value of O.lg would appear the minimum, although
higher accelerations would increase the costs substantially. A seismic map of
the area in question should be included. Also, it would be prudent to establish
a seismic station in the area to begin a seismic history. The Corps of Engineers
once established a seismic network in the location of a Texas dam which was
known to be seismically inactive. The Corps of Engineers was very surprised to
find that they recorded many earthquakes, some of considerable magnitude,
in an area where none were thought to occur.

Proposed rule 10 CFR Part 60 (p. 35281, Background) states that: "...

these criteria were developed for disposal in saturated media. Additional
or alternative criteria may need to be developed for regulating disposal in
the unsaturated or vadose zone." A salt dome cannot be considered a "saturated
zone."

-Specific Comments

Volume II, Part I

Section 3.2.2 and Volume V are not consistent in exhaust shaft offset to
the North. Volume II has 130 feet and Volume V has 30 feet.

2.2.1 Isn't waste retrievability 50 years?

3.3.2.4 It is not clear if shaft guides are rope or fixed.

Volume II, Part 3 & 4

A 31-foot-diameter shaft to 2100 ft may be a first. This can only be
done conventionally. Same for the 25.5-foot-diameter shaft except that
the Wirth boring machine might be adaptable to a blind shaft.

Page 2.2-1 Function. "Provide waste retrievability for a 5 yr. period."
This does not correspond with 10 CFT Part 60, p. 35282, which states:

Retrievability "...permit retrieval of waste packages for a
period of up to 110 years." (2nd column, bottom paragraph, 1st
sentence) .

Furthermore, neither Vols. II, III, or V address retrievability con-
cepts and options as required under the proposed rule 10 CFR Part 60.

P. 2.3-1, Section 2.3.1 -- It is difficult to see how room dimensions
and allowances for creep can be determined without knowing in-situ
stress conditions and salt properties. Also, construction with all
intersections at right angles may not be optimum.



P. 2.3-1, Section 2.3.2.1 -- Considering that track laying is performed
after a waiting period of 6 months, it is really not necessary to pre-
assemble track on the surface. Also, the preassembled track surely will
not fit inside the cage and must be slung below. Thus, it would be
operationally easier to simply lower several pieces of track in a bundle
below the cage and preassemble the track below ground.

P. 2.3-5, Section 2.3.3.5 -- You will probably need a mill-tooth tri-cone
bit to drill salt rock. Further, an off-the-shelf compressed air flush-
cutting, collection system will suffice. This seems to be unnecessary
complications to a simple problem.

P. 3.3-5. Section 3.3.2.2 Shaft Lining. The first two paragraphs state
the function of the shaft lining, then the third paragraph says there will
only be lining through the overburden and first 100 feet of salt. What
will support the shaft guides, ladderway, partition, service lines, etc.,
and prevent sloughing of the salt when exposed to moisture. Also, the
unlined shaft is overexcavated in accordance with the expected salt creep
closure, shown in Table 3.3-1. This table only adds two feet to the
diameter and says nothing about creep closure.

P. 3.3-5 Shaft Lining - 3rd paragraph. How can guide alignment be main-
tained if salt is allowed to creep? How can water be controlled in the
unlined portion of shaft? How will buntons be attached to the shaft wall
in an unlined shaft? I question the ability of salt to prevent excessive
deformation.

The report errors in stating that steel buntons will be used in the
shaft that is unlined when in fact it will require.complete steel sets.
In discussing sealing of the shaft sites for sinking through aquifers, the
report fails to discuss ground freezing to control water inflow and/or
stability of the alluvium.

A concrete shaft going through salt may experience concrete degradation
and corrosion caused by a salt/concrete chemical reaction. Such
deterioration of a shaft lining is known from the potash beds of Canada.
If the shafts have a life of 50 or so years, this point must be considered.

P. 3.3-6, Section 3.3.2.3 -- Third paragraph mentions several stations
at different elevations': Previous narrative mentions only top and
bottom.

P. 3.3-6 to 3.3-10 - Section 3.3.3 Shaft Sinking. This section is very
confusing and contains a number of inconsistencies as well as erroneous
statements. On page 3.3-7 (13th line), it states that conventional sink-
ing "has more flexibility than potential alternatives." In the next
paragraph, the benefits of borehole drilling in terms of water control



are stated. In the same section on page 3.3-9, it states that conventional
sinking will be used for all shafts and grouting is the recommended
groundwater control for all five shafts. Then on page 3.3-8 (last
paragraph) it states that a major obstacle to shaft drilling is ground-
water control. This is the exact opposite of previous statements. In
actuality, shaft drilling offers much better ground water control.

The eighth line on page 3.3-8 states "Hole deviation is not a serious
problem." This refers to pilot hole drilling mentioned in line 2. In
actuality, borehole deviation is the most serious problem in pilot hole
drilling. It is responsible for more litigation than any other part
of contract development work.

P. 3.3-14, Table 3.3-14 -- Concrete shaft linings 2- to 3-feet thick
will cause more problems than they solve. A shaft lining of one foot
should be more than adequate. Thicker linings require opening more
ground which compounds the support problem. Also, section 3.3.2.2
states the shaft will be unlined in salt.

P. 3.5-1, Section 3.5 -- Alternative Desigis. The use of bored explora-
tory shafts that would become part of the operational facility is sound
engineering judgment.

P. 3, Section 3.0, et al on Shafts, and Part 4, Section 4.0 on Hoists.
These two sections are taken together because of the interaction between
shafts and hoists. The report presents a rather confusing picture on
the shaft ordering/hoist size. There does not seem to be a headframe
for the repository shaft nor for the development exhaust shaft. There
should be at least an inspection hoisting arrangement.

We cannot endorse the Koepe hoisting arrangement with rope guides for
the reason that few mines in the United States have had much experience
with these'systems over long periods. In fact, those that were in-
stalled in the 1950's are not in service today. In one case (Allied
Chemical at GreenPRiver, WY), there is a pending lawsuit because the
performance of the Koepe hoist had not lived up to expectations.

Koepe hoist headframe will be a very large concrete tower that may stand
200 feet or so high. She danger of an airplane (civil light craft) crash-
ing into the tower cannot be ruled out. The idea of mounting several
Koepe hoists in one tower will have to be studied further. For an analysis
of such factors, see "Readframe Selection--Steel vs Concrete" by David
Butler and Anthony Schneyderburg in the January 1982 issue of Mining
Congress Journal.

Further the maintenance of Koepe hoists over the life span of the facility
will be a major cost element. Also, the rope guides require constant
care.



We recommend that the same size hoists and ropes be used throughout to
reduce the cost and hoist maintenance.

The corrosiveness of salt on the hoisting facility and the shaft structure
must be carefully considered. Concrete is preferred over steel in that
respect. The use of chairs under the cage is purely foreign and has not
been used in the U.S. for many years. On page 4.3-11, your description
of the chairing operation when handling canisters looks like pure trouble.
Any vertical restraints must be 100 percent clear 100 percent of the time
or trouble will result. Lifting a cage with a restraining device attached
could stretch the cable or cause a release, upward acceleration, fouled
cables, etc. A pit-bottom buffer should be.looked at.

In terms of safety in hoisting/lowering cannisters, the Koepe hoist with
rope guides will not have the safety features that a standard drum
hoist has. A safety analysis of the hoisting systems should be made.

P. 3.3-10 Instrumentation and Control. Manual- readings in a shaft environ-
ment either during sinking or while in operation is very difficult to
accomplish, based on the BOM's experience with shaft instrumentation.
Shaft instrumentation should be automated to provide a daily readout of
performance along with ventilation, etc., particularly since the shaft is
located in a viscoelastic medium. Time dependent deformations should be
monitored continuously to provide early warning of impending misalignment
of guides and subsequent failure of conveyances. I do not think the
shaft monitoring scheme is at all adequate, nor has it been addressed
in enough detail considering the consequences of ground instability in
the shaft during operation of the repository. The shaft monitoring
system should be an integral part of the computerized instrumentation
readout of underground facilities (pg. 9.3.2) and should be interfaced
to either the underground or surface central-control room.

P. 4.3-1, Section 4.3.1.1. The waste hoisting system shows a speed of
1,000 fpm and a 2 minute cycle time. There is no allowance for accelera-
tion and deceleration. In a 2,000-foot shaft the cycle time would be
closer to 6 minutes instead of 2 minutes. Shaft capacity, therefore,
may not be adequate. The same comment applies to the men and material
hoisting system (p. 4.3-4), the salt h-oisting system (p. 4.3-6),
the auxiliary hoisting system (p. 4.3-8), and the emergency egress
system (p. 4.3-10). Se4 also the first paragraph on p. 4.3-12.

P. 4.3-6, Section 4.3.1.3.3 -- Salt hoisting skips are constructed of
steel. Consideration should be given- to using fiberglass or aluminum as
developed by the Bureau of Mines. This would increase payload and
improve corrosion resistance.

P. 4.3-12 notes that personnel will be counted. Please refer to BuMines
contract J0205059, Nelson and Johnson Engineering, Inc., "Mine Personnel
Locator and Mine Activity Controller" for a means to furnish accounting
of mine personnel below ground.



P. 7.2-1, Section 7.2.2.1.1 -- (eight lines from bottom) We do not
believe that natural ventilation will be of any significance in under-
ground ventilation and should be removed from the report.

(four lines from bottom) The subject of reversing fans must be con-
sidered with great care during an emergency--more harm than good can be
done. The sentence, "flow of the ventilation system should be reversed"
should be changed to "may be reversed." Your comment at the bottom of
page 7.2-2 is correct, however, and the use of reversible fans is good
news.

The need for heating or cooling the mine air flow is debatable for the
Gulf Coast area of the U.S. If the installation of cooling or heating
equipment is considered for this volume of air, the cost will be
enormous.

A section of the ventilation system should further address possible air
contamination due to accidental radioactive release. Double air locks
and filtering means should be provided.

Part 3 describes the physical system and the means of developing the
underground facility. Continuous miners and shuttle cars to conveyors
are proposed for development. Later track will be laid to handle the
nuclear waste canisters. A question arises why a conveyor system is
proposed for the underground development, and than a rail system is
installed later. Track beds of excellent quality can be laid in a mine
without using special machinery such as that proposed.

The total pumping capacity of the mine is 6,000 gallons per minute. If
we have this much water, the facility is in great danger and it should
probably not be placed in an area with this much ground water potential.
The strain-relief instrumentation proposed is the Bureau of Mines' method
to determine ground stress. -This might not work satisfactorily in a
salt formation.

P. 7.3-9, Section 7.3.3.3.5 - A 2 E-5 probability for hoist fall does not
appear realistic. If the numerous hoist-fall accidents throughout the
world were recorded, the probability would be much higher.

Volume II, Part 5

Fire Protection System: It is recommended that a fire protection plan
for the shaft area be included. A wa-ter ring or some other extinguishing
system could be placed around the shaft collar.

An inflatable building should be placed over the salt storage area on
the surface. If a typical Gulf Coast rain of six inches or so hits the
salt storage pile, there will be quite a mess.
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Volume III

P. 5, Section 2.2.2.2 -- There are no salt domes in glaciated areas.
There are salt beds in glaciated areas, such as around Detroit, MI.
Gliciation as a factor in site selection is ruled out, except of course
if you are speaking .of possibly another million years.

Section 2.2.6.2 -- The quoting of various authors for pillar models
points out a real difference of experimental results which shows the
variability of the salt material.

P. 2.2-12, Section 2.2.11.2 -- The first statement about two rows selected
for canister placement instead of three is a statement with no apparent
scientific evaluation.

Section 2.2.17.2 -- The values for ventilation may be correct for equip-
ment at 125 CFM per bhp, but you also must include so many cfm per man
in the area. A minimum air velocity of 150 cfm in the shaft seems low,
and, as mentioned, if it is too low, there may be an airflow reversal.
It's doubtful there can be a horizontal ai'rflow of 600 fpm with the
shaft restricted to 150 cfm.

Section 2.2.18.2.1 -- A fire caused by hoist rope lubrication can be
determined from the oils used. Further, it is possible to have an oil
formulated for higher ignition temperatures. This should be investigated
if it is believed to be a problem.

Section 2.2.18.2.3 -- A shop area should have a fire door with an
Underwriters' rating. Several mines have installed such fire doors in
the shop entries.

Section 2.2.18.2.5 -- Fire in a diesel-powered unit should be considered
in more detail. Diesel fires have occurred and are very severe.

Section 2.2.18.2.5 Entry Corridor Fire -- Both a fixed fire suppression
system and fire extinguishers appear necessary in an entry. Same for
2.2.18.2.8 (Equipment Fires).

Section 2.2.18.2.8 -- In view of these fire considerations, it is recom-
mended that all underground vehicles have on-board fire sensing and
suppression systems. These are commercially available from suppliers
such as Ansul. For reference see the Mining Congress Journal. March 1982
for a description of a mine truck fire.

A fire protection plan for the shaft. areas should be included. Commonly
mines install water rings around the shaft collar to flood the shaft.

Section 2.2.21.2 -- Shaft pillar designs based on Pennsylvania mining
codes is not recommended. Pennsylvania mining code may be based on prior

-I7



English coal mine experience and may have little factual basis for
relating it to salt waste repository design. This area should be
investigated further.

Section 2.2.22.1 -- There must be an error in thS density of salt in the
second paragraph, Line 6. It may be 135.1 lb/ft instead of 1351 lb.ft.

P. 2.2-27 -- Shaft pillar design seems to be extremely well documented.
Deep level mines in South Africa in quartzite use a rule of thumb of
D - H/5 where D = diameter of the shaft pillar and H = depth below the
surface. A 990 feet on a side, square pillar, therefore, looks entirely
adequate.

P. 2.2-30 -- "...lithostatic in-situ stress ... 1 psi/ft.
Lithostatic pressure over a salt dome would not appear to be simply a
function of density times overburden height. Superimposed on the normal,
vertical stress (due to thickness of the overlying strata) is a pressure
distribution due to residual stress from formation of the salt dome.
Mechanics of salt dome formation should be investigated, particularly in
the proposed repository area prior to any blanket assumptions on magnitude
of lithostatic pressure. The value of in-situ ground stress commands a
very thorough investigation as this determines subsequent design and safety
factor calculation for pillar room size, shaft pillar, etc.

P. 3.1-6 -- Using a model to validate acceptability of the sand or
cladding seems unreliable when the margin of safety is only 28 PF.

P. 3.1-7 -- (In the second paragraph) -- Concern is expressed over
corrosion. Where is the concern over long-term radiation effects (at
these high temperatures) on the metal strength and integrity? This
could be a serious problem. And hlowdoes all this temperature and
irradiation behave in the presence of the many possible combinations
of corrosive chemical compounds and concentrations over long periods of
time, long.and short cyclic changes in temperature, etc? Could have
stress corrosion, integranular or transgranular, embrittlement, large
changes in yield and ultimate strength, etc.

P. 3.1-7, Section 3.1.3.2 -- Stainless steel canisters are rejected
because of corrosion problems,'but there is no rationale presented for
selecting carbon steel. What type of carbon steel?

.P.

P. 3.1-7, Section 3.1.3.2 - Only montmorillonite clay and salt have
been considered. We suggest that NRC consider the Waterways Experiment
Station of -the Corps of Engineers to-study low-density concretes for
this purpose. This would include high, montmorillonite-clay concrete
such as used by the oil field industry for backfill. Further, the oil
industry has now been looking at cements for geothermal wells. Check with
the Petroleum Engineering Department at the Colorado School of Mines for
some thesis work in this area.

0.



P. 3.1-9, Section 3.1;3.3 (line 9) -- Salt creep is not "plastic deforma-
tion", but viscoelastic (time dependent) deformation. The design basis
for creep and factor of safety appear well supported.

Section 3.3.2.2 Shaft Lining The shaft should be lined because:
1) contractors and unions could object to working under unsupported ground;
2) it may be unsafe; 3) unpredicted water inflows could not be handled;
4) long-term creep causes problems with all shaft-wall-supported
services.

Section 3.3.3.1.2 - Borehole Drilling -- First, it is not borehole, it
is big hole drilling. The report discusses ground water, apparently
below the overburden and collar, buit then states there is no need for a
lining.

Section 3.3.3.1.4 Shaft Grouting -- It is very dangerous to assume that
"Grouting prevents water from entering the shaft during sinking...for the
life of the shaft." Not true. None of the five bullets are certainties
as they are stated.

P. 3.4-3, Section 3.4.5.1 -- First paragraph towards the bottom. Again,
the carbon steel selection is glossed over by describing what is wrong
with everything else. This is a wea4 argument.

Section 3.4.6.6.2 (second paragraph) In view of our previous remarks on
concrete materials, this paragraph is encouraging in that NRC is also
considering concretes. Note, however, that a reference to 1962 in con-
crete technology certainly is not state-of-the-art and new work should
be initiated. The National Bureau of Standards is doing concrete work.
Check with:

James R. Clifton
Inorganic Materials Group
Building Materials Division
National Bureau of Standards
Washington, D.C. 20234

P. 3.5-3, Section 3.5.5.1 - Again, you give the negative results for
stainless steel but little plus points for carbon steel.

P. 3.5-5, Section 3.5.5.3 -- This is resolved somewhat from this section
and figure 3.5-2, but overall the argument for carbon steel is not
resolved.

Section 3.7 -- This complete section on "Seismic Design" reads like a
state-of-the-art message without direction to the NRC problems of under-
ground storage. The following Bureau of Mines comments are made.

a



1. The most significant surface structure may be the 200-foot steel
headframes with significant mass. To date, the Bureau of Mines
is not aware of seismic design for headframes nor the response
of headframes during-earthquake.

2. Other surface equipment may be mounted on large concrete pads
such as the hoist machinery, the air compressors, large ventila-
tion fans, etc. Such equipment may be mounted on monolithic-
concrete pours some ten feet or so in thickness and measuring
20 by 30 feet or more. Again, the Bureau of Mines knows of no
earthquake resistant design for these mine-type structures
nor do we know of any examples.

3. The subject of earthquake-resistant design for deep underground
structures is not considered a major point by the Bureau.
Experience in California has shown that railroad tunnels have
survived well during earthquakes and people in deep mines have
reported they have felt nothing while a major surface earthquake
is underway. These facts have been published in earthquake
symposiums from the early 1960's: The rationale is that earth-
quake waves travel through the earth with little effect, but
cause major surface damage because of interaction with the free
surface.

4. The Bureau of Mines suggestion to Section 3.7 is to continue this
excellent state-of-the-art chapter with a review of the expected
surface gear, such as headframes, hoists, air compressors,
ventilation fans, and most importantly the shaft itself which
surely may end up cracked with possible ground-water inflows.
Incidentally, the seismic design chapter does not touch on the
change of ground water flows, or hydrostatic pressures induced
in the ground water table--subjects well known from ordinary
seismic studies. -

Volume V, Part 3

Section 3.0 -- In this chapter we can only conclude that each scheme is
equally viable as there is not sufficient rationale to draw a definitive
conclusion. It would appear that the shaft pillar size is the critical
element and may be the'controlling factor. The Bureau of Mines does not
recommend that pillar sizes be based on Pennsylvania coal mine regulations.
Further judgment is needed in the shaft pillar size before the final
decision between CS, ES, and SS can be made.
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March 26, 1982

Memorandum

To: George Newiadomski, Division of Minerals Health & Safety Technology

From: Harry R. Nicholls, Research Director, Rolla Research Center

Subject: Review of NWTS Conceptual Reference Repository Description (ONWI-258)

I have reviewed the subject documents as requested. My comments plus the
charges made against Account 6697 follow. In addition, W. M. Dressel reviewed
the documents. His comments are attached.

The five-volume report is very thorough and comprehensive. It is directly ap-
plicable to the proposed 10 CFR Part 60. There are many items still not spe-
cifically detailed but the report does gtve a basic cook-book type approach to
preparing a final Repository Description. The report suffers to a degree from
repetition and redundancy. This may be typical to provide clarity but it makes
reading laborious.

The instructions are in error. The last Item in Attachment A should be Volume
V, Part 3, Chapter 3.0.

Volume II
Part I
3.3.4.2.3 - Methane explosion or fire should be included as a DBE. I have per-
sonally seen blowouts from gas pressure which extended nearly 100 feet into the
roof In a salt mine.

3.3.5.2 - Same comment as for 3.3.4.2.3.
I do not understand the discrepancy between the `DBF which consists of 35
inches of rainfall within a'24-hour period" (3.1.4.1) and the "PMP is a 9.9-
inch rainfall over the entire site occurring during a 24-hour time spans
(3.4.2.2).

Part 3
2.3.3.5 - There is no Drawing 604.

7.3.2.2.2 - The last paragraph, .-.."must satisfy threshold limit values for
heat stress," is not consistent with arguments presented in 7.2.3.3.2 and
7.3.3.3.3.

Volume III
2.2.2.2 - With the generally assumed location, glaciation does not appear to be
a factor to consider.



2.2.22 - Density of salt cannot be 1,351 lb/ft.

3.3.5.3.4 - Is this really a uranium-plate?

Volume V
Part 3
3.2.1.1 - Mine exhaust shaft should be 130 feet north from the shaft center
line, not 30 feet.

There is an inconsistency in naming shafts between Volume II and Volume V.
This should be corrected.

I4* A<Pt / $Xec

Harry R. Nicholls

Attachment
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Memorandum

To: George E. Niewiadomski, Div. of Minerals Health & Safety Technology,'
Washington, D.C.

Through: Acting Research Director, RORC

From: W. M. Dressel, Research Supervisor, RORC

Subject: Review of NWTS Conceptual Reference Repository Description
(ONWI-258) under the BOM/NRC Interagency Agreement
No. NRC-02-08-075, "Technical Assistance for Assessment of
Repository Siting and Design'

The chapter/sections of the subject five volume document as referenced in
Attachment "A" of the subject memorandum from Robert Marovelli to seven
research directors dated February 26, 1982, has been reviewed.

The design described in the reports appears to generally cover the
requirements of the proposed 10 CFR Part,60, "Disposal of High Level Radio-
active Wastes in Geological Repositories." The report, however, contains much
repetition and is extremely difficult to follow.

The numbering system of this report leaves much to be desired and there is no
way to relate vol. 1 summary technical report to any of the other volumes by
number reference. For instance, in vol. 1, summary in the fourth paragraph
of 3.4.10 - Underground Auxiliary Services, there is a reference to under-
ground storage of diesel fuel. In vol. 1l, the underground auxiliary
services are described in chapter 9 of part 3. However, there is no mention
or reference to fuel storage in this section--nor anywhere else as far as I
have been able to determine.

Vol. II. part 3, section 2.3.2 and 2.3.3:- The mining equipment such as
continuous miner, shuttle cars, track preparation machines, drilling machines,
and liner and emplacement machines are all electrically operated. Only track-
laying equipment (2.3.3.4) is diesel driven. Any good justification? The
description of some of the above named equipment is very general and it,
therefore, seems rather strange to mention that In one case a 300-foot elec-
*tric reel will be included and in another a 600-foot reel (vol. II, part 3,
chapters 2.3.3.3, 2.3.3.5, and 2.3.3.6).

Vol. II. part 3. chapter 2.3.3.3 and 2.3.36: The report considers dust
control and other safety factors but there is no mention of noise levels



underground. With vacuum systems for picking up salt cuttings from track bed
preparation machine and a high speed-belt centrifugal thrower, the noise level
could be excessive.

Table 3.3-1 (vol. 11, part 3), 3.3-2, 3.3-3: It might be difficult to sink a
33-foot diameter shaft, add an 18-inch thick liner, and still have a 31-foot
ID shaft.

Vol. II, part 3, chapter 4, Waste-Hoisting Time, last item in 4.3.1.1: Is
cycle time 2 or 4 minutes? Last item in 4.3.1.4: Is this cycle or travel
time?

Vol. II, part 3, chapter 4.3.21, Waste-Hoisting System, paragraoh 6: Will the
hoist operate if someone forgets that both cages must be loaded? In para-
ifaph 7, it is stated that it is forbidden to have LLW fixture in one cage and
a transfer cask in the other cage. Can the necessity for this prohibition be
engineered out of the system?

Vol. II, part 3, chapter 7, section 7.2.3.32, paragraph 4: Is there any good
reason why the mix of electrical, diesel, and compressed air powered equipment
be used underground? Could the need for diesel equipment underground be
eliminated? 7.3.3.36: Why have a diesel vehic-le in the storage rooms? Where
is fuel storage area? 7.4 - Considers Dust Control: Any consideration for
equipment noise control?.

Vol. II, part 3, chapter 8, 8.2.1.1: Last sentence mentions neutralization of
runoff water. How does one neutralize salt water?

Vol. II. part 3, chapter 9. Underground Dewatering System, 9.3.1.1.1 and
9.3.1.1.2: Collection sumps holding only 3,000 gallons of water do not appear
to be ample when five 750-gallon per minute pumps are installed unless you
have good reason to believe that there will be sufficient water inflow.
Intermittent pumping against a 2,100-foot head might be undesirable.

Vol. II. part 5, chapter 5, 5.1 Scope: Fire protection for underground
facilities not covered In this chapter.

Vol. i? part 3, chapter 3. section 3.2.21 Phase I Development, task I: 'To
determine whether the salt dome is suitable as a waste repository." One would
have assumed that this item.would have been considered very early in this
process. Now I understand why this report has been so difficult to follow.

.. . I

W. M. Dressel

(FtiKEhQML C 217
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. mcni acrvices LCenter in oouwaer. Loio-
rado. which is aimed chiefly at under-
standing the impact of solar disturbances
on the earth's upper atmosphere.

* The Global Atmospheric Research
Program. NOAA is planning to reduce
the level of U.S. participation in several

major xnternational climate research pro-
grams, for a savings of S2.2 million.

Although the cuts in NOAA's pro-
grams have received far less attention
than those in many other agencies, they
add up to a major shift in the agency's
priorities, and they have caused consid-

erable unease among NOAA's staff. Ac-
cording to one participant in the top-
level staff meeting, adoption of a long-.
range plan for NOAA could be crucial in
restoring morale by giving a sense at
least of where the agency is headed over
the next few years.-COLIN NORMAN

Radwaste Dump WIPPs Up a Controversy
A proposed pilot repository has sparked local opposition

and there are doubts about the geological stability of the site

Tucked in the southeast corner of New
Mexico is a desolate tract of land cov-
ered with sagebrush and shifting sand. a
seemingly unlikely target of controversy.
This 27 square miles of wasteland, how-
ever, is the heart of a battle over nuclear
waste that has pitted New Mexico
against the federal government. On this
-site next year, the Department of Energy
(DOE) plans to begin contruction of a
pilot facility for storing radioactive waste
from defense programs. It will be the
first of its kind in the nation and a model
for future repositories.

But according to many environmental-

state officials. New Mexico State Anor-
ney General Jeff Bingaman said, "We
obviously had a serious breakdown of
communication" before the lawsuit was
filed. Other states "have an awful lot to
learn" from New Mexico, he said.

Some believe that WIPP was mis-
placed from the start fprgeological rea-
sons. Last fall, DOE discovered a pocket
of brine below the repository. The con-
cern is that the brine might compromise
the safety of the repository, although the
issue is not settled. Tests on the brine are
to be completed this summer. But the
impact of the discovery has heightened
the political and scientific controversy
that has beleaguered the project since it
was authorized in 1976. ..

The irony is that DOE believed that
the New Mexico site, although not per-
fect, was as close to an ideal location as
it would find-for geologic and political
reasons. Deep below the sandy terrain of
the WIPP site are beds of salt that are
considered the best immediate option in
which to bury radwaste. Salt beds are
stable, isolated from ground water, and
plastic, enabling fractures to heal in re-
pository walls. Although other states
have salt beds, this one in New Mexico
is in an area that is relatively free of drill
holes. (The site originally selected for
WIPP, in Lyons, Kansas, was aban-
doned in 1972 after scientists decided
that it contained too many mining bore-
holes that might jeopardize the safety of
the repository.) DOE selected a site 25
miles east of Carlsbad to store two types
of defense radwaste generated from nu-
clear weapons production. The site
would permanently store mainly trans-
uranic waste, which emits relatively low
levels of radiation, and temporarily
warehouse small amounts of high-level
waste for research and development pur-
poses.

But 4 days before Thanksgiving last

year, a drilling rig boring a test hole
struck what -eologists had hoped would
not be there, namely, the brine pocket.
Others had been discovered before, but
none as close as this one, which may be
as near as 600 feet to the proposed
repository. If the brine is connected with

Attorney General Singaman

ists and state officials, the federal gov-
ernment has unfortunately fumbled its
management of the S950-million project
known as the Waste Isolation Pilot Plant
or WIPP. "The Energy Department has
badly mishandled the issue with the
state," said Allan Kneese of Resources
for the Future. In doing so the federal
government has set a poor precedent for
other radwaste sites to come.

Relations between New Mexico and
DOE deteriorated to the point that the
state last spring sued the department.
charging that it had violated state's rights
and failed to consult adequately with

SCIENCE. VOL. 215. 19 MARCH 1982

other reservoirs. DOE might have to
disqualify the site and move the reposi-
tory to yet another spot on the tract. The
site has already been relocated twice
because of geologic aberrations found in
the area.

One geologist who has studied the
southeast portion of New Mexico be-
lieves that the federal government never
should have placed WIPP where it is.
Roger Anderson. a University of New
Mexico professor of geology. contends
that the proposed dump is located where
salt beds are still actively dissolving in
subterranean areas that are difficult to
predict. His theory is not widely accept-
ed by other geologists. But if the recently
discovered brine pocket proves to be
joined with others. *"that will lend crc-

CO3lul75/9!W19-l41X3S91l.00 Coprngh Z 19"2 AAAS lax3



dcncer to Roger Anderson's theory."
% ,Frank Parker. chairman of a Nation-

Research Council panel studying
WIPP and a professor at Vanderbilt Uni-
versity.

In addition to the salt beds. DOE
found the state an attractive location for
the repository because its citizens are
more accustomed to nuclear issues than
those of other states. given New Mexi-

Deputy News
Editors Named

Two newly established posi-
tions in the News Department will
be filled by Colin Norman and
Roger-Lewin. Norman has been
appointed deputy editor for News
and Comment. Lewin will serve
as deputy editor for Research
News.-B.J.C.

co's history of nuclear weapons develop-
ment at Los Alamos. "DOE found a
state that was much more used to rad-
waste," said Timothy Glidden, who is
the Republican counsel for the House
Interior and Insular Affairs Committee
and a resident of New Mexico.

But New Mexico has remained un-
comfortable about the proposed dump
primarily because there were several at-
tempts to change the purpose of WIPP
during the Carter Administration. In
1979 an interagency task force recom-
mended that dump sites storing trans-
uranic waste should be licensed because,
it said, the long-term hazards are compa-
rable to those of high-level waste. Carter
took this recommendation further and
proposed that WIPP diverge from its
original purpose and accept 1000 com-
mercial spent fuel assemblies in addition
to transuranic waste and high-level
waste from the defense program. This
would have given the Nuclear Regula-
tory Commission some licensing author-
ity over WIPP. A complicated turf battle
ensued involving the White House,
DOE, and the chairman of the House
Armed Services Committee, Melvin
Price (D-Ill.). Price wanted WIPP free of
any licensing oversight by an agency
outside his committee's jurisdiction and
was successful in convincing his con-
gressional colleagues to restrict the
project to defense wastes. Incensed at
this turn of events, Carter then canceled
the project in February 1980. but Con-
:ress restored S20 million to the WIPP

budget to keep the project alive.

Meanwhile. New Mexico was alarmed
at the possibility that if WIPP accepted
commercial spent fuel, il could become
the nation's warehouse for high-level
waste. The state then proceeded to seek
the power to veto the project at any
stage. but DOE dug in its heels and took
the position that national security inter-
ests superseded the state's rights. .The
department said it would go so far as to
consult with the state about any changes
or problems concerning the repository.
But federal legislation passed in 1979
provided for a "consultation and cooper-
ation agreement" that watered down
New Mexico's rights even more. "None
of us knew what the agreement meant,"
said George S. Goldstein, New Mexico's
secretary of health and the environment.

New Mexico's troubles continued.
According to the 1979 law, DOE was to
sign the consulation and cooperation
pact with New Mexico by the end of
September 1980. But the federal and
state governments debated the terms of
the agreement for more than a year. New
Mexico insisted on a pact that would be
enforceable by law and subject to judi-
cial review. but the DOE did not want to
make it legally binding.

On 14 May 1981, New Mexico sued
DOE, alleging that the department had
"refused to agree to a legally enforceable
document to resolve these issues." Less
than 2 months later, the DOE and the
state reached a compromise agreement
and consented to stay the lawsuit, pend-
ing review at a later date of each party's
compliance.

Before the lawsuit, "it was obvious we
were not getting the timely, accurate
information about WIPP that we felt
Congress intended," Bingaman said.
Since the lawsuit was filed, "communi-
cations have improved substantially,"
he said.

But the discovery of the brine pocket
could test the strength of the latest feder-
al-sute, agreement. "The critical test of
the site is coming up," Goldstein said.
"I've asked them (DOE officials] what
are the thresholds of acceptability? Is it
that brine is beneath the site? Beneath
the site and 200 feet away? I asked the
question rhetorically, but if there's ever
been a critical time to answer it it's
now." That sense of urgency is in-
creased somewhat because this is an
election year for gubernatorial and U.S.
Senate seats, and WIPP could become a
campaign issue.

New Mexico officials are trying to sort
out the scientific issues for themselves.
In 1979, the state requested that an inde-
pendent scientific panel be established at

fContued on page 146)

Because Steven Jobs, president
and founder of Apple Computer Cor-
poration, happened to sit next to Rep-
resentative Fortney H. (Pete) Stark
(D-Calif.) on a flight from California to
Washington last month, one of the
largest corporate donations ever
made to precollege education may
soon take place. During the long jour-
ney, Jobs and Stark hatched a
scheme that could result in the gift of
an Apple computer system to every
elementary and secondary school in
the United States. The total donation
would be valued at $200 million to
$300 million at retail prices.

In return, Apple would be able to
write off a substantial fraction of the
cost of the computers against taxes. It
would also, of course, score a major
publicity coup and ensure that a whole
generation of future consumers Is in-
troduced to computers in general and
Apples in particular.

The key to all of this is a bill intro-
duced by Stark on 23 February, which
rapidly became known as the Apple
Bill. (Its official title is the Technology
Education Act of 1982.) In essence, it
would permit Apple and any other
company that donates scientific
equipment to schools to deduct the
full cost of the equipment from its pre-
tax income. Gifts to schools would
thus be treated, for tax purposes, the
same as gifts to colleges and universi-
ties. In addition, the bill would raise
the maximum allowable charitable
contribution from 10 percent to 30
percent of a corporation's Income.
Both provisions would last for only 1
year after the act is passed.

Although the financial impact of the
bill has not yet been calculated In
detail, congressional staff members
have estimated that It would permit
Apple to take a deduction of about
$75 million. This would represent the
cost of manufacturing the computers,
but not the cost of training manuals,
servicing, and so on. (If Apple pays at
the maximum corporate tax rate of 46
percent, this would result in a tax
saving of about $35 million.)

The bill was introduced with two
other cosponsors, Don Edwards and
George Miller, both California Demo-
crats. Within a week, however, It had

I -
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zA Plan to Give an Apple

to Every U.S. School
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' DOE~s expense thait would help it moni-
.- and evaluate the data obtained by

tDOE. Anderson and the Southwest Re-
search and Information Center. an envi-
ronmental group hased in Albuquerque.
complain that the panel leaves much to
be desired because it has only one geolo-
gist on its staff. The committee. 'is our
only backup for scientific expertise,"
said Bingaman. It would be ideal to
have our own people. but the state legis-
lators refuse to pay the bill."

- The state relies somewhat on Ander-

of WIPP's prime contractors. during the I
early stages of the project. It was Ander-
son who told Sandia in 1976 in a memo
that another test hole should be dug
where the latest brine pocket was found.
Wendell WearE, who is in charge of nu-
clear waste management programs for
Sandia, said. "Roger wanted us to drill a
lot of holes. I doubt if the budget would
have allowed it. We have been pretty
responsive to his ideas."

The National Research Council panel
could be the best independent source of

News and Comment Wins
Polk Prize

Science has won a George Polk Award in Journalism for the "lucidity and
pertinence" of the News and Comment section. The Polk Awards, given
this year in 12 categories, were established in 1949 by Long Island
University "to honor the memory of a reporter who valued an important
news story even more highly than his personal safety." George Polk, a CBS
correspondent. was slain in 1948 during the Greek civil war while trying to'
reach insurgent leaders for an interview. The awards are based on recom-
mendations by a Il l -member national panel that includes former winners,
media executives, and heads of journalism schools. This prize, only the
sixth for science reporting since the Polk Awards were established. was
given to News and Comment for the excellence of the section as a whole
rather than for a single article or series. Barbara J. Culliton will accept the
Polk Award on behalf of the staff on 24 March in New York.

Other winners of the 1982 Polk Awards are:
Foreign Reporting: John Darnton of The New York Times for reporting

the complex story of the Polish crisis with discernment and clarity.
National Reporting: Seymour M. Hersh, Jeff Gerth. and Philip Taubman

of The New York Times for an intensive investigation of the illegal activities
of former intelligence agents who have used their connections and expertise
to sell munitions and sophisticated technology to countries hostile to the
United States.

Magazine Reporting: William Greider for "The Education of David
Stockman," in The Atlantic.

Book: Edwin R. Bayley, for Joe McCarthy and the Press (University of
Wisconsin Press).

Television Documentary: Pierre Salinger, Paris Bureau Chief foW ABC
News, for "America Held Hostage: The Secret Negotiations," a report on
America's behind-the-scenes efforts to free fthe hostages in Iran.

Television Reporting: Ted Koppel of ABC News, managing editor and
anchorman of "Nightline."

Radio Reporting: John Merrow for "Juvenile Crime and Juvenile Jus-
tice," co-produced by the Institute for Educational Leadership and Nation-
al Public Radio.

Regional Reporting: Stephanie Saul and W. Stevens Ricks of the
Jackson (Miss.) Clarion-Ledger for a series of articles, written at personal
risk, exposing crime and official corruption on the Gulf Coast.

Local Reporting: The Orlando (Fla.) Sehtinel Star for "The Federal
Impact," a series of articles revealing the extent of federal spending in
conservative Orange County.

Consumer Reporting: Phil Norman of the Lousiville (Ky.) Courier-
Journal for an extensive investigation of the power of a dairy cooperative.

Special Award: George Seldes (91 years old), for a singular and often
controversial career as a newsman.

hensive report on WIPP was issued 21
months behind schedule. Frank Parker
noted that during those months the com-
mittee sent out "letter reports" dealing
with specific issues in lieu of an in-depth
analysis.

Parker said the panel has no plans to
publish a special report on the brine
pocket unless DOE makes such a re-
quest. "The brine is not good news," he
said, but 'we don't see anything yet to
disqualify the site."

One of the nagging worries among
many in New Mexico is that the brine at
some future date will leach into the re-
pository and carry radionuclides to the
surface. The state's scientific panel pos-
tulated in a report, however, that if this
scenario came to pass, the consequences
would be "small." It estimated that in
the year 2010, the projected population
for the area could receive radiation doses
that might result in "one or two fatal
cancers."

What is troubling to state officials is
the possibility that the federal govern-
ment will suddenly assign the repository
high-level commercial waste. a change
that is quite conceivable given the flip-
fops of WIPP's purpose during the Car-
ter presidency. Goldstein said. "We're
not sure the site will be used mainly for
transuranic waste. DOE is only using a
small portion of the tract for the site."
Bingaman agreed, saying that "There's
no question that for the amount of mon-
ey DOE is spending on the site, it's
doubtful that the repository's ultimate
mission is storage of low-level military
waste. There is suspicion on the part of
many state officials, myself included,
that Congress may change its mind and
make it into a repository for high-level
waste-commercial and defense." Larry
Harmon, DOE project manager in Wash-
ington for WIPP, rebuts these claims:
"It is absolutely unlikely that WIPP
will become a high-level waste reposito-
ry. It will remain R & D for high-level
waste."

Some individuals argue that if the gov-
:mment is going to spend a half billion to
i billion dollars to build a repository for
transuranic waste, it should from the
start find a site suitable for high-level
waste. "You could then backfill it with
transuranic waste," said Thomas Coch-
ran of the Natural Resources Defense
Council. But such an idea doesn't have
much currency in the present Adminis-
tration. The proposed 1983 budget would
gve WIFP its full request of Sl2S ml-
ion. Harmon of DOE said, "We've nev-
cr been ia such a good position to fin-
ish."- AwoaRE SUN
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Improved Mine Stench Warning System

Objective
Improve the safety and
reliability of stench warning
systems used to warn min-
ers of an underground fire.

Aproach
Industrial gas odorants were
analyzed for suitability in
mine stench warning
systems. Then an improved
stench injector was design-
ed and fabricated. Finally,
the odorant with the most
favorable properties and the
improved Injector were field
tested at an operating
underground mine.

How It Works
After an analysis of the
chemical and physical pro-
perties of various Industrial
gas odorants, a 10 to 1 mix
of Freon 113 and thiophane
was selected as the odorant
for use in the improved
stench warning system. The
Freon 113 is necessary to
make the mixture noncom-
bustible. Thiophane offers
several advantages over
ethyl mercaptan mixed with
Freon which is currently the
standard odorant used in
mine stench systems: (1) The
odor of ethyl mercaptan
fades when the substance is
transported moderate to
long distances In steel pipe.

This happens because mer-
captan chemically reacts
with iron oxide in the pipe.
Thiophane is nonreactive
and therefore its odor does
not fade. (2) The odor inten-
sity of ethyl mercaptan in-
creases with concentration
until the stench becomes
unbearable. In contrast,
thiophane reaches an odor
plateau at a moderate odor

intensity. (3) Available data
suggest thiophane may be
less toxic than ethyl mercap-
tan. Although the American
Conference of Governmental
Industrial Hygienists and the
National Institute of Safety
and Health have not
established a Threshold
Limit Value for thiophane,
the lethal concentration
(LC50) for inhaled ethyl
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mercaptan fumes is 4420
ppm for rats. The LC50 for
thiophane Is 44,200 ppm for
rats. (4) Thiophane is less
corrosive than ethyl mercap-
tan. Leading to less deterio-
ration of injection equip-
ment.

Improved injection equip-
ment was developed be-
cause the means now used
to inject stench release the
agent in an uncontrolled
fashion, sometimes resulting
in unreliable warnings and
exposure to potentially toxic
levels of stench agent. The
improved injector consists
of a cylindrical fluid reser-
voir with a metering orifice
in the base. Stench fluid
passes through the orifice
into a delivery pipe leading
to the compressed air line or
ventilation air stream. A
pressure balancing line con-
nects the delivery pipe to a
standpipe that extends from
the top of the reservoir to a
point about 1 inch above the
orifice (see schematic). The
pressure balancing line and
standpipe combine to con-
trol the head at the orifice
and thus the flow rate of
stench fluid. Since the effec-
tive head at the orifice Is
equal to the weight of the
column of fluid between the
orifice and the base of the
standpipe (about 1 inch), the
head remains constant for
nearly the entire discharge.
A constant volumetric flow
of stench fluid Is assured
regardless of the pressure in
the compressed air line or
the ventilation stream. Three
orifice sizes, ranging from
0.015 to 0.016 Inches, can ef-
fectively regulate stench
concentrations to between
0.1 ppm and 2.0 ppm for all
airflows ranging from 2,000
cfm to 1,000,000 cfm.

Test Results
One complete system con-
sisting of one Injector for

compressed air-and one In-
jector for each of two
downcast ventilation shafts
was installed at Kerr
McGee's Churchrock No. 1
uranium mine near Gallup,
N. Mex. The injectors were
activated during fire drills on
two different shifts in the
course of a week. Substan-
tial improvements in warning
times over those of the ex-
isting stench system were
achieved for large areas of
the mine. Analysis of air
samples collected
underground during the
drills showed stench con-
centrations that closely mat-
ched design specifications,
and no miners complained
of excessive odor intensity.
Mine management was im-
pressed by the simplicity
and ease of operation of the
injectors and requested that
the prototype injectors be
left in place for long-term
evaluation.

Patent Status
An application for a U.S.
Government patent on the
L~. ~4

Engineers filling injector with
stench fluid.

injector, to be assigned to
Foster-Miller Associates,
Waltham, Mass., has been
made.

For More
I nformation
Supplies and equipment can
be obtained from various
manufacturers including the
following. Stench fluid con-,
sisting of Freon 113 and
thiophane mixed in a ratio of
10 to 1 by volume is
available In various quan-
tities from Eastman Kodak.
Thiophane is also available
separately from Pennwalt
Corp., but must be mixed
with Freon 113 before use.
The improved injector is
available from Foster-Miller
Assoc., Waltham, Mass. For
more detailed information,
contact the Technology
Transfer Officer, Twin Cities
Research Center, Bureau of
Mines, 5629 Minnehaha
Avenue South, Minneapolis,
Minnesota 55417, telephone
(612)725-4500.

Schematic of Improved mine
stench injector.
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Fire Protection for Front-End Loaders
Objective
Provide reasonably priced,
reliable fire protection for
front-end loaders.

Approach
Automatic fire sensing
and suppression systems
were developed and rug-
gedized for use on front-
end loaders operating in
harsh mine environments.

How It Works
Temperature sensors
mounted In the loader's
engine, transmission, and
articulation areas detect
the heat from a fire while
it is still small and con-
trollable. This triggers the
release of the ABC class
dry chemical extinguish-
ing agent through a fixed
piping system onto the
fire. The system can also
be manually activated
from either the cab or
ground level. Locations of
the principal components
of the system are shown
in the drawing.

Two control subsystems
were designed to respond
to varying fire protection

needs and mine condi-
tions. One subsystem only
Initiates discharge of the
extinguishing agent. The
other subsystem initiates
visual and audible
operator alarms if there is
a fire sensed or if there is
a fault in the control
circuit.

Test Results
Two complete systems
were fabricated and bench
tested under Bureau con-

tract, one by FMC Corp.,
the other by Lease AFEX
Inc. The contractors then
installed the systems on
two different loaders and
tested them in two mines.
One system was tested
on a Caterpillar 992 loader
in Northern Energy
Resource Company's Jim
Bridger mine near Rock
Springs, Wyoming; the
other was tested on a
Clark 675 loader operating
in Drummond Company's
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Test of fire protection system on Clark loader.
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Kellerman mine near
Tuscaloosa, Alabama.

The system evaluated in
Wyoming operated
without failure during an
8-month endurance test
period. The other system
was endurance tested in
Alabama for 12 months.
At the end of that period,
the heat sensors were ex-
posed to flame from a pro-
pane torch. The system
responded and discharged
suppresant agent into all
protected areas of the
machine. This system was
left in place for an addi-
tional year of endurance
testing, and performed
without failure during this
period as well.

For More
Information
Two front-end loader fire
protection systems that
functioned satisfactorily
during Bureau tests are
now commercially
available from firms in
Raleigh, North Carolina
and Belleville, New
Jersey.

A report is available on
the Caterpillar loader In-
stallation, "Automatic Fire
Sensing and Suppression
Systems for Mobile Min-
ing Equipment" by the
FMC Corp. To order a
copy, specify PB
294731/AS, and send $8.00
per paper copy to
National Technical Infor-
mation Service, U.S.
Department of Commerce,
Springfield, VA 22161.

The Clark loader in-
stallation was done by
Lease AFEX, Inc., under
contract HO262049. A
report titled "Automatic
Fire Protection Systems
for Surface Vehicles is
now being reviewed. This
report should first become
available for open file in-
spection at specific
Bureau facilities, and then
become available from
NTIS during 1980. For
more detailed information,
contact the Technology
Transfer Officer, Twin
Cities Research Center,
Bureau of Mines, P.O. Box
1660, Twin Cities,
Minnesota 55111.

Fire protection systems
for other surface mining
equipment are described
in previous issues of
Technology News as
follows:
Fire Protection for

Blasthole Drill
Technology News No. 70

Bulldozer Fire Protection
Technology News No. 50

Automatic Fire Protection
for Surface Coal Augers

Technology News No. 27

Automatic Fire Protection
System for Large
Mobile Vehicles (trucks)

Technology News No. 11

For copies of these issues
and additional informa-
tion, contact the
Technology Transfer
Officer at the Twin Cities
Research Center. See ad-
dress above.

System Is actuated either by heat sensors or manually.
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Highly Sensitive Fire Detector
Objective
Reliably detect fires by
sensing sub-micrometer-
sized particles released
Into the air by smoldering
or burning materials.

Approach
An extremely sensitive
Ionization-type fire detec-
tor has been built that
continuously draws air
samples through its ioniz-
Ing field and collects the
Ionized smoke particles
downstream, thereby
generating a proportional
electrical output signal.
(An offshoot instrument
measures the size
distribution and number of
sub-micrometer particles
in air.)

How It Works
Mine air to be monitored
Is drawn through the In-
strument assembly by a
small pump. A pre-filter
and cyclone remove dust
particles and other par-
ticles larger than 0.6
micrometer diameter. The
air and remaining aerosol-
sized particles flow
through a gastight tube

which contains the detec-
tor. See diagram.

Smoke and other sub-
micrometer-size particles
moving into the detector,
pass through an ionizing
field, and are struck by
alpha particles released
from a radioactive source
located on the axis of the
tube. The alpha particles
move radially outward un-
til they strike smoke par-
ticles or molecules of air
or water. When struck, a
smoke particle or mole-

cule loses an electron
and becomes positively
Ionized.

Continuing down the
tube the positively
charged smoke particles
reach a negatively
charged collection grid
which captures them,
generating an electical
current that is propor-
tional to the number of
sub-micrometer particles
In the air sample. The
signal current on the col-
lection grid is amplified by

Radioactive source that
Ionized Particle

Radioactive source that
creates Ionization field -

Detector Tube - -

Collection Grid

Section of tube
length where electrodes
are installed In
Instrument version used for
determining particle size.Indication of radial

shaped fields existing
along length of
radioactive source.

Air and smoke particles
entering detector tube.
Particles larger than aerosol
size have been removed
by prefilter and cyclone.

Simplified representation of high sensitivity smoke detector.

This document was prepared by the Bureau of
Government assumes any liability resulting from
owned rights.

Mines. Neither the United States Government nor any person acting on behalf of the United States
the use of the information contained in this document, or warrants that such use be free from privately



signal conditioning cir-
cuits and evaluated
several times per minute
by digital circuits. If the
output signal exceeds a
preset alarm value, 25
times in succession,
alarm circuits are ac-
tivated.

Molecules of air and-
water are also ionized
when struck by alpha par-
ticles, but are immediately
drawn out of the flow by
the electrical field that
coexists with (and is
caused by) the ionizing
field.

The source of alpha par-
ticles in the prototype
detectors is a small
amount of the radioactive
element Americium 241.

A later model Instru-
ment has been built with a
radioactive source similar
to those in home fire
detectors.

The prototype instru-
ment is completely self-
contained and weighs a
portable seven kilograms
(15.5 pounds). Power is
supplied from either an
external 115 vac electrical
outlet or an Internal
rechargeable battery that
provides power for 25
hours.

A modified form of the
detector is a sensitive
reliable analyzer of sub-
micrometer particle size
distribution. In this instru-
ment, the detector tube
has a size discrimination
cylinder between the Ioniz-
ing field and the detector
grid. The cylinder Is given
a negative electrical
charge that attracts and
captures smaller, lighter
particles. The heavier par-
ticles pass through.

The current generated
on the cylinder is propor-
tional to the number of
smaller particles; the cur-
rent generated on the col-
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Air sample Inlet can be seen on
lower left side of Instrument.

lection grid downstream is
proportional to the
number of larger particles.
By changing the voltage
on the cylinder the instru-
ment operator determines
the particle size at which
this discrimination occurs.

Test Results
Beginning in 1974 both in-
struments have been
tested. The fire detector
has been tested twice for
periods of several weeks
in the Bureau's ex-
perimental coal mine at
Bruceton, and functioned
reliably both times.

The detector has also
been tested In Kennecott
Copper Company's Bergin
Mine at Eureka, Utah. Dur-
ing this 3-day test aerosol
particles from explosive
shots at the face were
detected In the main
returns, but did not trigger
an alarm. Low levels of
diesel exhaust particles
were similarly detected in
the mains without reach-
ing the fire alarm thres-
hold. However, diesel
powered shuttle cars
passing by the detector
did exhaust enough
aerosol particles to ex-
ceed the alarm threshold.

Three size discrim-
inating instruments are
now being used at
Bruceton. One is measur-
ing the effectiveness of
diesel exhaust filters.

Another i.s monitoring
sealed mine fires, and a
third is monitoring
suspended particulate
matter in the atmosphere.

Long-term in-mine tests
are planned, and mining
company cooperators are
sought if interested, con-
tact the Technology
Transfer Officer at the
Pittsburgh Mining and
Safety Research Center.

The fire detector and
the instrument for analyz-
ing size distribution of
submicron particles were
developed in-house at the
Bureau's PMSRC. The Pro-
ject Leader is Mr. Charles
D. Litton.

Patent Status
United States Patent No.
4,053,776 was issued to
Martin Hertzberg and
Charles D. Litton, and
assigned to the U.S. Dept.
of the Interior in October
1977. For license informa-
tion write to: Dept. of the
Interior, Office of the
Solicitor, 18th and C Sts.,
N.W., Wash., D.C. 20240

For More
Information
Bureau of Mines Report of
Investigations 8242, "Prin-
ciples of Ionization Smoke
Detection. Development of
a New Sensor for
Combustion-Generated
Submicrometer Par-
ticulates," is available. To
obtain a free single copy
write to: Bureau of Mines,
Publication Distrib. Sec-
tion, 4800 Forbes Avenue,
Pittsburgh, PA 15213.

The latest description
of the size discriminating
instrument Is In the July
1979 issue of Review of
Scientific Instruments.



S

Problems Associated with Anomalous Zones in
Louisiana Salt Stocks, USA

Donald H. Kupfer
Depanment of Geology

Louisiana State Universirv

ABSTRACT
Salt typical of the Gulf Coast is medium-grained, verticallv-bedded, and occurs in
spines surrounded by inclusion-bearing anomalous salt that generates pressure-
pocket blowouts, slabbing. leaks and other mining problems. Inclusions of sedi-
ments, petroleum. brine, and various gases are of primary and secondary origin.
The anomalous zones are characterized by extensive shearing and tectonic lensing
of the sediments; by folded, black, impure salt beds that localize both exfoliation
joints and ceiling slabbing, and by coarse-crystalline or poikiloblastic salt in moisture
zones. Three types of brine leaks are: short-duration leaks that soon dry up, cata-
strophic leaks, and an intermediate type of long duration. They occur either with the
sediment, or as much as 100 meters out from it. Gas, particularly in explosive
pockets up to 100 meters in height, may extend 200 meters out; and these pressure
pockets tend to align along a single. black-salt horizon. Prior to explosion the gas is
in tiny intragranular bubbles in the salt and along intergranular fractures; release is
caused by mining. Most mining problems are concentrated in edge-of-salt shear
zones and boundary shear zones within the salt. Zone size and shape are controlled
by depth and time of formation. If these zones cannot be avoided during mining,
they should be penetrated by small openings. and only after exploratory drilling has
determined the nature of the anomaly.

INTRODUCTION

This paper is based on the author's experiences during
the past 15 years while studying the salt structures in the
Five Island salt domes of the Louisiana Gulf Coast
(Fig. 1). Although called 'islands," these are just domed
Pleistocene sediments that rise above the surrounding
marsh. Salt mines are in operation in each of these domes.
The only other salt mines in the Gulf Coast are the Winn-
field mine of north Louisiana, which was cltsed in 1965
due to flooding. and two mines in eastern Texas (Grand
Saline and Hockley).

During the past dozen or so years a number of engineer-
ing and mining problems have developed in the Louisiana
mines that appear to be related. The problems are pressure
pockets, leaks, ceiling slabbing, and the occurrence of in-
clusions of foreign material. Each problem will be de-
scribed separately, along with its individual characteristics
and typical occurrence; then interrelationships and origin
will be considered.

Literature on the origin. occurrence. and mining of Gulf
Coast salt is extensive and will not be reviewed here. Text

citations, in general, will give only the most comprehensive
or latest reference.

The best introduction to Gulf Coast geology is the book
by Murray (1961). Gulf Coast salt domes are covered in

Figure 1. Index map of Gulf Coast salt mines. including the
Winnfield mine. which is now flooded.
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Chapter V. Which quotes liherall1 trom the literature and
contains man! tahbls and illustrations ot individual domes.
Trie book tin salt domes bh Hxdbouty ( 1967) is readable.
comprch:nsi'.e uftr the Gulf Coasts. and related to. petro.-
leum Oeoloyat. For a bibiliography ol' the Gulf Coast consult
(Braunstein. 1970 and i916). For a bibliography on
diapirism. including salt. see Braunstein and O'Brien

196X).
Layering. The .layering in Gulf Coast salt reflects

primarily the original bedding l'omed at the time of deposi-
tion of the Louann Salt of Jurassic age. Unlike most other
salt deposits. the salt in southern Louisiana is remarkably
pure 09X1 NaCb and de-oid of any other salts except
anhydrite. If large amounts of other sediments were oriei-
nally interbedded with the salt, which now seems unlikely.
thev.were left behind during the diapiric intrusion of the salt
through 17 kilometers of overlvine sediments. The zones
described in this report are called anomalous because they
deviate markedly from pure salt.

The individual layers in normal salt range from one cen-
timeter zo several meters in thickness and rance from mas-
sive to well-bedded. The massive salt is generally just off-
white to light gray in color. transparent. and even-grained
(½/i- I cm in diameter). If vague layering is present. it con-
sists of white to milky salt aitcrnating with zones that are
more transparent and thus dlarker (due to internal reflection).
The layers are commonly 10 to 50 centimeters thick. Every
gradation exists from this massive salt to well-bedded salt
with alternating layers of "black" and white salt that are
generally thin. The dark beds are thinner (2- 10 cm) than
the more abundant opaque, white beds (5-20 cm).

Inclusions within the salt are very rare. but some of the
darker layers contain flecks of anhydrite. shale, silica, or
carbonate.

Spines. The concept that salt domes consist of several
.'spines" of salt that move upward independently and at
different rates, is long-standing (Balk, 1953, p. 2470) and
of considerable significance in explaining the zones of
anomalous salt described in this report. Originally the
spines were thought to be small and numerous. The horizon-
tal cross-section of a single stock might consist-of tens or
even hundreds of spines. The work of Atwater and Forman
(1959) emphasized larger spines that are few in number,
possibly only two or three to a stock. This report will em-
phasize the larger spines (see also Kupfer, 1976), which is
not to say that the smaller spines do not exist-they are
common. The differential movement between smaller
spines, however, is small and less important in controlling
the overall structure of the salt mass.

As visualized for this report. salt stocks are thought to-
move upward in sausage-like protrusions of salt (Fig. 2)
that are less than one kilometer in diameter. Each spine
moves upward, through downbuilding geosynclinal sedi-
ments, and stabilizes as the top intrudes into less-dense,
near-surface sediments. Differential stress at depth is still

unrelieved and continues to' exert an upward 1buoyant)
pressure on the total salt column. Because sediment depoa4i-
tion and downhuildine continue. the old salt spine is pushed
do% n deeper and stress builds up again. It is now easier for
a new spine to form at depth and move up along beside the
old spine (Fie. ') than it is to reactivate the old-and now
cold spine of salt. Probably undercompacted and geo-
pressured sediments at depth strongly influence this motion,
provide, the locus of the new pathway. and possibly even
some of the motive power. The new spine continues past the
old spine, rising into the newly deposited sediments.

In the spine-building process the contact between salt and
sediment is a shear zone (fault zone) that consists of both
sheared salt and sheared sediment. As the new spine passes
along side of the old spine. the shear zone is incorporated
into the middle of the salt stock between the two spines
("boundary shear zone" of Kupfer. 1976). Much of this
report will focus on these internal-type boundary shear
zones that form the most common type of anomalous
zone-herein referred to as CAZ or central anomalous
zone. The edge shear zones are observed much less com-
monly.. because any near approach to the edge of a salt
stock is avoided during mining. Those penetrated will be
referred to as EAZ or edge anomalous zone.

Anomalous zones. The easily observed and mappable
anomalous features within a salt stock are the inclusions of
solids, liquids, and gases. These may be primary, that is
deposited along with the salt during Jurassic time, or they
may be secondary and introduced during the movement of
the salt. Both origins probably occurred. Most of the solid
inclusions are probably secondary and were introduced
along boundary shear zones. The origin of gases is complex
and will be considered in detail later. Liquids, particularly

Figure 2. Three spines of salt that rose out of an older pillow of
salt. The spine in the foreground is the oldest and still pillow-like.
The background spine with the pronounced overhang is the young-
est (highly diagrammatic).
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petroleum. are probably secondary- Brines are both primary
and secondary. and some may represent connections to out-
side water sources. If an outside water source is tapped
during mining, the results are generally immediate and dis-
asterous flooding due to the high solubility of salt even in
rather saline water. All five Louisiana mines adjoin the
Gulf of Mexico and operate at levels well below sea level
(150-450 m below S.L.).

Some other features occur that are commonly associated
with inclusions but are not always confined to their vicinity.
These include pressure pockets or 'blowouts," zones of
giant salt crystals, poikilitic salt, jointed salt, and zones of
abnormally black salt. Shearing is almost universal in the
salt (Kupfer. 1976) and is characteristic of its movement
(Muehlberger and Clabaugh, 1968), but wide zones of very
disruptive shearing are less commonplace, and therefore are
anomalous. One engineering problem that appears to inten-
sify near anomalous zones is ceiling slabbing (the ceiling of
a mine is also called the roof, as in "roof bolts," or the
"back"--the latter term will not be used). Large slabs of
salt, 10 to ISO centimeters thick, break away from horizon-
tal exfoliation joints that form in the ceiling as the salt ex-
pands into the void created by mining.

Some features, such as poikiloblastic texture and shear-
ing. may be found over large areas of highly itregular
shape, and thus are not necessarily "anomalous"; under
these circumstances the other types of anomalous features
are less likely to be found.

The cause-and-effect relationship among these various
abnormal features is difficult to assess. If any one type of
anomaly is found in a particular part of a mine. several of
the other types are likely to be found also, and all are gener-
ally aligned along a sinuous zone which is traceable for
hundreds of meters. Many anomalous zones contain nearly
all of these features, but each type of anomaly can also
occur alone. Distribution of the features within the zone is
discontinuous and in places appears to be almost random.
but certain characteristics of distribution can be observed
that apply to the majority of occurrences.

The geometry of the anomalous zone is also highly vari-
able, changing somewhat with the type of anomaly; most
are tabular and vertical. A typical anomalous zone may be
from 3 to 100 meters wide and of very long horizontal ex-
tent, generally traceable completely across the mined area,
and probably continuing across the complete salt stock. The
vertical dimension is less well known, but is probably ex-
tensive.

INCLUSIONS

Inclusions described in this report are solids. liquids, and
gases. The solids are clastic, non-salt materials that occur in
significant amounts, such as sand, clay, and carbonate.
Liquids can be of any type, but most are either brines or
petroleum products. Gases detected during mining are
either those confined under pressure (thus their escape is

boted), or those with an odor. Their composition is poorly
known. but includes hydrocarbons. hydrogen sulfide, and
carbon dioxide. Inclusions can be of primary or secondary
origin.

Origin. Primary inclusions are those in which the parent
"materials were incorporated into the salt at the time of evap-
oration and deposition of the salt. This would include the
more conventional clastic materials deposited as interbeds
in the salt sequence, as well as solid materials brought into
the basin by dust and sand storms. flash floods, or turbidite
flows. Primar brines of various compositions. and gases
from organic decomposition could also be trapped in the
highly impermeable salt. The size and shape of the cavities
would be strongly changed by movement and recrystalliza-
tion, generally reduced in size and elongated. but the mate-
rials would not escape unless within a few hundred meters
of a salt border.

Secondary inclusions were introduced into the salt after it
formed, probably during the movement process. Typical
would be the sediments of the external shear zone plastered
on the side of the salt stock and later incorporated into it
when a Pew spine of salt is introduced alone side. This
would include not only clastic materials such as sand and
shale. but organic matter and any liquids or gases that pene-
trated either the sediments or the salt (water, petroleum,
natural gas). Spines of movement are not a necessary pre-
requisite; shallow salt is brittle and the sheath of salt around
a shallow salt stock is known to be highly jointed, pock-
marked by differential solution. and otherwise full of op-
enings and pockets that can be filled with solids. liquids. or
gases. Mining experience has shown that these foreign ma-
terials extend at least 100 meters into the salt from all sides.
Similar materials included into the edge of the salt in the
past would be caught up by later movements and infolded
into the salt.

The origin of any inclusion can be primary or secondary,
and it is very difficult to differentiate the two without ex-
pensive or time-consuming tests. Materials related to saline
deposition, such as disseminated clay particles, anhydrite,
calcium chloride brines, and carbon dioxide gas are as-
sumed to be of primary origin if other evidence is lacking.
Petroleum is assumed to be secondary because saline condi-
tions are not favorable to oil generation and petroleum of
coastal Louisiana is considered to be of middle Tertiary
age. Firm evidence for the origin of the inclusions is lacking
and exceptions to the above assumptions will be noted later.
The only dated inclusion (Oligo-Miocene age) in any of the
Five-Island domes is the sediment in the Belle Islc salt
stock, and even this origin is the subject of debate (Wilson,
1977: Kupfer, 1977).

The salt of Gulf Coast salt domes is generally assumed to
be the Jurassic Louann Salt. but this is far from confirmed
(cf Wilson. 1977; Kupfer, 1977). The Louann Salt does
not crop out at the surface and is only known from a few
oil-well borings (Andrevvs. 1960). thus the character of the
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original hbdd ing is poort% knenkrn. The salt may have con-
tained signilicaJnt amounts of sediment interbedded %ith it
on the edues of the orininal salt basin. and possibly in the
hii'hesi and lotevl horizons of salt at the center of the basin.
but if o, this has not Lencr;lilv been found. Even if oriei-
nally present. this sial-caltic intermixture would not be
likely to be found in the Five-island salt diapirs because the
impure salt would be far less mobile than pure salt. Thus,
sediments are unlikels to have survived the 17-kilometer
journey from the base of the Gulf Coast geosyncline. where
the Louann horizon is today. to the present position of the
salt near the surface.

Sediment. The principal solid material incorporated in
-salt. other than anhvdrite. is sediment such as sand. clay,
and carbonate. Mlost of the sediment occurs in irregular
masses. and some as rounded balls. The balls are generally
I to 3 centimeters in diameter. but they range from tiny
globules to boulders. The irregular masses are somewhat
pod-like and lenticular, with the larger pods being up to 30
centimeters thick and over 2 meters lone. Sediment inclu-
sions are generally aligned along bedding in the salt, but
many variations exist. from those that appear to follow a
single bed to completely brecciated and jumbled zones that
locally cross-cut bedding. The salt associated with these
sediment inclusions commonlv also contains clay and sand
disseminated through it.

The sediment zone is. in fact. predominantly salt. Clastic
material is generally less than one percent of the total vol-
ume. Even a hand specimen selected for its high clastic
content will be 10 to 60 percent salt.

On a larger scale, the sediment zones are lenticular and
discontinuous in plan view; individual beds start and stop
erratically. What happens in the vertical direction is less
well known but probably similar. Sediment zones can be
traced sinuously through the mine along a definite trend,
generally from one border to the other. Minor zones of
sediment may branch away from the main zone only to
terminate within a few hundred meters. Most of the zones
are probably boundary shear zones, but some may be pri-
mary. Sediment zones are from 10 to 400 meters thick, and
most extend completely through the salt stock, separating it
into spines.. The wide sediment zones are highly sheared
and also contain gas. petroleum. and brine. Thick layers of
dark, impure, black salt are also common.

The salt in a sediment zone is non-commercial, and fur-
thermore, mining within the zone can be dangerous. Thus,
generally, mining stops at the edge of the sediment zone,
but in a few places, the zones have been penetrated. The
zones are easy to recognize. difficult to mine, and are asso-
ciated with many mining problems. Sediment is, thus, the
typical anomalous material.

Liquids. Two types of liquids occur in salt: brines and
petroleum liquids. Small amounts of brine arc ubiquitous in
all the mines. Some "drips" appear to be condensations of
moisture from the air. Tiny openings that drip brine for days

or weeks after mining penetrates the area are common in
certain mines and in some parts of all the mines. In general
these openings dry up eventually. showing that they are not
connected to fluid systems external to the salt. The inter-
connecting openings are very tiny and disseminated widely
througth the salt: they are not cavities'. in the normal sense
of the word. as large natural openings are not found during
mining. Porous salt (with tiny interconnected cavities) oc-
curs in the brine areas. Brine drips are not vet adequately
mapped. but they appear to follow bedding in a general
way. Most brines are NaCI.

The origin of the brines is only just beginning to be
investigated. Most brines are thought to be made from fresh
water that found its way into the salt and then became satu-
rated bv dissolution. A few brines of composition other than
saturated NaCI have been found and are assumed to be
primary. For example. a heavy flow of calcium chloride
(CaCL) brine at Jefferson Island mine lasted for a week.
Brines at Cote Blanche Island mine that may be of primary
origin contain calcium and magnesium and very little
sodium. The origin of a brine could be.checked by chemis-
try; primary brines might be of diverse composition particu-
larly containing potash and magnesium. whereas secondary
brines would be essentially pure NaCI with some CaS04.

Petroleum liquids are the commonest liquid inclusions
other than brines. Oil occurs in colors from brown to blue to
black, and in viscosities that range from that of about #1-
distillate to light grease. Petroleum drips occur in many
parts of the operating mines, but particularly near the
anomalous zones of impure salt. Oil leaks appear to "dry
up with time, but unlike brine drips, this may take a few

'years rather than a few months; the difference is probably
related to the greater viscosity. In theory it would be possi-
ble that one of these leaks taps an outside oil pool, but no
evidence has yet been found that suggests this has
happened.

Petroleum could be primary or secondary to the salt.
Organic chemists can "type" the various organic com-
pounds in petroleum oils and gases, and thus are able to tell
if similar types are found in adjacent sediments. Thus the
age and source of the petroleum products in salt could be
determined.

Because liquids migrate short distances through salt after
they have been incorporated into it, their presence gives
advance warning of the approach to an anomalous zone. The
presence of brine or petroleum seeping from the ceilings,
floors, or mining face commonly precedes the penetration
of a sediment zone by as much as 50 to 100 meters. Current
practice at some mines is to stop advancing these faces, at
least temporarily, and give them a chance to 'leak'' and
possibly stabilize. If mining can be conveniently continued
around these zones, they are left unmined permanently.

Gases. Both primary and secondary gases occur in salt
and are of several types, but almost nothing is known about
their occurrence, properties, or composition. If gas is ob-
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served, mine personnel make a routine check for methane
using one of the standard simple detection devices. Com-
monly. trace amounts of methane are detected if the device
is held close enough to the emitting face. Most gases are
detected by their odor; hydrogen sulfide and certain organic
compounds are common. Other gases are combustible.
Carbon dioxide at Winnfield mine is described in the sec-
tion on Pressure Pockets.

Most of the gas flow ceases within a few days or a month
or so. Like the other impurities in salt. the gas pockets are
-more abundant near the boundary shear zones or other zones
of impure salt.

Gases can, in theory, penetrate the highly impervious
salt to an even greater extent than liquids, and thus should
give indication of the approach to an anomalous zone at an
even 'greater distance. But gases are also universally
present, and thus interpretation of the meaning of the pres-
ence of a gas is subjective. In addition, most gases are
colorless and odorless. and thus difficult to detect without
special devices or techniques. A few, like hydrogen sulfide,
can be detected by the human nose in trace amounts. and the
smell of hydrogen sulfide (and similar gaseous odors) does
commonly occur as mining approaches an anomalous zone.
The odor of gas, like the presence of dripping liquids, can
be used with judgment to indicate approach to a dangerous
anomalous zone.

BRINE PROBLEMS

The hydrologic stability of salt mines is a critical prob-
lem because of the high solubility of salt in water. A tiny
opening. even one of capillary size, can grow rapidly into a
large open conduit if undersaturated brines are present. Any
open connection to the external ground-water supply, no
matter how tiny, will produce disastrous flooding of the
mine. With this concept in mind, water drippings in
Louisiana salt mines can be classified into three types. The
first type, short-duration drips, are of limited volume, area,
and duration. The second type, increasing-volume leaks.
are leaks that grow rapidly in size and volume. and con-
sequently in seriousness. The third type, which are less well
understood, are the sporadic-continuing leaks of a character
intermediate between the other two. .

Short-duration drips. Shon-duration drips occur in all
five of the Louisiana salt mines, although in variable de-
grees. Typically, a "wet area" is limited to about 1000
square meters. but some are quite small and a few much
larger. Soon after a working is opened up brine begins to
drip from the ceiling. and for a few days to a month the
volume may be quite significant. Shortly, however, the
flow diminishes and stalactites form on the ceilings as evap-
oration exceeds the rate of flow. Generally, flow has com-
pletely ceased after six months.

Few analyses have been made of these brines, but most
are composed largely of NaCl. as suggested by the stalac-
tites. These, and the drip areas. are always stained rust-

brown suggesting some iron content. The larger and more
persistent drips are commonly within a hundred mcters of an
anomalous zone. In general. the salt in these drip areas is
darker than average and more coarsely crystalline. Sand.
clay, petroleum. and other impurities in the salt are not
uncommon.

These short-duration leaks probably represent porous salt
with bubbles of brine in the salt that are interconnected by
capillary passageways and open fractures around the indi-
vidual salt crystals. Some vertically-elongate, tubular op-
eninos may also have been generated during the upward
flow of the salt. All the capillary openings and tubes were
probably filled with brine and thus remained open despite
movement of the salt and recrystallization. During the pro-
cesses of mining the salt, exfoliation joints as described
later, open and extend outward into the salt for 20 or more
meters, thus connecting previously isolated brine passage-
ways.

Some of the brine may be of primary origin, but most of it
is probably water introduced into the salt during piercement
and intrusion that has become saturated with NaCI. It is
then sealed in by recrystallization and cannot escape. The
fact that the brine takes days. weeks, or months to stop
draining suggests that the capillaries are small, but rather
extensive. The fact that most leaks eventually stop suggests
that each set of passageways is isolated from other sets by
the imperviousness of the salt.

Increasing-volume leaks. Some drips tap an external
source of water and the leaks then grow in size very rapidly.
They may start like short-duration drips. but if the passape-
ways tap fresh. or moderately saline water, then the water
dissolves the capillary openings into larger conduits and
flow increases.

The Carey salt mine at Winnfield, in north Louisiana.
had two of these leaks. both near the shaft, which probably
acted as a passageway to near-surface ground-water. The
first, in 1937, was in the shaft and was controlled by exten-
sive grouting (Belchic, 1960. p. 35). The second leak;. in
1965, flooded the mine and the mine was abandoned. The
second leak was probably initiated by collapse of the cap-
rock onto the salt (Elliott. 1970): openings under the cap-
rock had been artifically enlarged by the activities of man
(quarrying. pumping. storage reservoirs). The stresses
created by the collapse of the caprock cracked the salt in the
vicinity of the shaft, and in six hours a leak 60 meters from
the shaft (in the mine level) quickly enlarged and flooded
the mine (11:30 P.M. to 6:00 A.Mh.. Nov. 17-I18. 1965). It
should be nioted that a small seepage had developed in the
same area (20 m from the shaft) a month earlier and was
nearlv under control at the time of the flooding (Personal
communication, from C.M. Thorton, May. 1967).

Increasing-volume leaks flooded the Avery Island mine
and the Belle Isle mine (both of the Five-Ilsand group). in
the early days of mining when both mines were very shal-
low. In recent years. increasing-volume leaks have occurred
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at both Jetterson Island mine and Aver Island mine. but
%ere controlled. At Belle Isle mine a new air shaft * as
drilled. and ahout a year later (pos.sibly about the time the
ground became completely "unthawed after being artifi-
cal3frozen) a shaft-leak developed. It increased in volume
rapidly and swallowed up the shaft in a matter of minutes.
Surprkingly: the sand above the salt flowed-in and plugged
the hole, the mine only partially filled with water.

Sporadic-continuing leaks. The third type of leak has
characteristics of the other two and has been found in two
mines. Like the short-duration drips. they start very slowly
at first. but graduall increase in volume until brine tlow
reaches up to several liters per minute. Then flow appears to
stabilize at this rate and the increase is much less drastic. but
continuing. At this stage the flow has always been stopped
by grouting. so further development is speculative, but the'
area in which the leak occurs continues to be active. In a
few months another leak develops and the sequence is re-
peated. These leaks have continued for several years, and
thus must have access to external water sources. Yet the
leaks do not increase rapidly in volume as would be ex-
pected if they were connected to fresh water.

The unusual nature of these sporadic-continuing leaks
suggests that their origin is different from that of the other
two tvpes. It is suggested that shale (from the shale sheath
surrounding the salt or in a boundary shear zone) is. acting as
a membrane. Fresh water from outside of the salt stock is
transmitted slowly through the membrane and thence along
a fracture zone and into the mine workings. The flow is not
able to increase rapidly in volume because of the membrane
separating the external water source from the mine proper.
Once through the membrane, however, the fresh water (salt
water does not pass through a membrane) can dissolve salt,
open up existing passageways. and create new cavities-
solution continues until the brine is saturated. The primary
danger is that one of these cavities may get too large and
collapse. flooding the mine. To date this has not occurred.

Recrystallization. Large crystals of recrystallized salt
have long been recognized by salt miners as having a close
association with salt brine, drips, and leaks. The horizon-
tally bedded salt of the north-central United States, like
domal salt, is uniformly medium grained,5-l5 mm). Ver-
tical veins that cross-cut the salt consist of coarse crystals of
clear salt (30-200 mm diam) that have formed by solution
and redeposition. Coarse-grained salt (20- 100 mm) in Gulf
Coast stocks is not generally in veins, but in irregular mass-
es associated with brine inclusions. For example, at the
Weeks Island mine the coarse-grained salt with associated
minor drips, petroleum seeps. and even occasional gas
pockets forms a wide zone about SO meters out from The
first occurrences of sediment, as mining approaches the cen-
tral anomalous zone (CAZ).

Poikiloblastic salt is also a coarse-grained salt which
breaks up into large single-crystal cleavage fragments
(10-SO mm). The salt consists of randomly oriented grains

of salt (about 10-20 mm) dispersed through a groundmass
of more uniformly oriented salt. Thus. a hand specimen of
the salt appears. at first glance. as relatively normal. but of a
somewhat coarser grain size. When the salt is observed in
place in the mine, however, large areas (up to several me-
ters in -diameter) appear to reflect as if from a single.
,patter-marked cleavage face. The whole mass of salt has
recrystallized in place since the salt stopped moving. Thus,
it is a metamorphic texture (poikiloblastic). If the salt were
to start moving again the poikiloblastic texture would be
disrupted and the salt would revert to a normal medium-
grained texture. This assumption appears to be confirmed
by the preference of salt for medium grain size. no matter
whether it is horizontally bedded and undeformed, or domal
salt that has moved many kilometers. Coarse-grained salt
and poikiloblastic salt are thus abnormal. and indicate sta-
bility since recrystallization.

Poikiloblastic salt is commonly associated with brine.
Much of the salt just described at the Weeks Island mine
(second patagraph above) is poikiloblastic as well as
coarse-grained. Most poikiloblastic salt at the Avery and
Belle Isle mines is associated with zones of abnormal brine
content. The exception is the Cote Blanche mine, which is
one of the drier of the salt mines, yet it contains more
poikiloblastic salt than any of the other mines. The abun-
dance of poikiloblastic salt at the Cote Blanche mine may
indicate that the salt in this mine has some moisture con-
tent-but not enough to drip; or that the salt has been
stabilized for a long time-long enough for significant
recrystallization to have taken place. More must be known
about poikiloblastic texture, however, before either or both
of these conclusions can be justified. Poikiloblastic salt may
have several origins.

SHEARING AND FRACTURES

Shearing. Shearing in salt is universal and has been de-
scribed by many authors. All salt in Gulf Coast domes has
flowed through thousands of meters by what is essentially
a shearing motion (Muehlberger and Clabaugh. 1968).
Movements can range from intragranular gliding, through
granular rolling, to development of minor shear zones.
Striated fault surfaces in salt are uncommon, but present.

Intense, pervasive shearing can be mapped over large
areas of salt. In these areas the salt has a pseudo-simple
structure of parallel beds of nearly constant strike. Examina-
tion of the bedding, however, shows it to be highly sheared
and deformed. Layers are attenuated and even lenticular. It
is difficult to follow a single bed for more than a few meters
before it either thickens markedly or disappears completely.
In the latter case it may reappear again at the same horizon
in another few meters. Folds have been sheared out until
they are unrecognizable. Some large areas of shearing of
this type appear to be unrelated to other anomalous features,.
for example, one area of 75,000 me in the east central part
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of the Belle Isle mine is sheared until bedding has almost
disappeared: it appears almost structureless unless examined
in detail. lts origin is not yet complctchl understood. and is
beyond the purview of the present paper.

Siniilar shear zones occur at the outer boundaries of the
EAZ and CAZ. Salt as much as 200 meters or more away
from the outer edge of the salt stock is pervasively sheared.
and thus commonly gives ample warning of the approach of
mining to the edge. Thus the major characteristic of the
EAZ, edge anomalous zone. is pervasive shearing (Balk.
1953. p. 2470). Similarly. the approach to the sediment pan
of the CAZ is also sheared as much as 30 to 150 meters
away. The outer shear zone ma! exist even if the inner zone
has been recrystallized and has lost its "sheared'" character.
At the Weeks mine, for example. the salt is highly sheared
30 to 100 meters away from the sediment-bearing salt. but
the black salt associated with this sediment zone has appar-
ently been recrystallized and refolded (see next section).
This might appear as a fortuitous juxtaposition of two
anomalies of different origin. but it is so persistent that this
seems improbable. The sheared salt away from the sediment
zone is best interpreted as the sheared salt of a former EAZ.

Black salt. In the introduction of this report, a common
type of salt was described as ''black.' Well-bedded salt
appears dark in the mine. but it is merely transparent: it
contains several percent of anhydrite. Much less common
are beds of black salt that are up to several meters thick and
are black even when examined in the daylight. The composi-
tion of these beds has not been adequately checked: but, in
addition to a high anhydrite content. many contain dissemi-
nated clastic material. Some. possibly most. of these black
salt zones are primary: especially if they are of uniform
thickness and persist over long distances. Others may repre-
sent secondary sediment-rich shear zones that have been
remobilized and thus given a more uniform texture. -These
recrystallized beds can be recognized and distinguished by
rapid changes in thickness and by a high degree of lentic-
ularity.

The CAZ (central anomalous zone) at the Weeks Island
mine has the best available example of a shear zone that has
been remobilized. The sediment found in this zone is len-
ticular. sheared. and similar to most other sediment zones.
but locallv it contains thick beds of black salt that look
well-bedded and are strong folded. For example. in Room
G-24 the black salt forms a triple-fold that is sharp and
clear, and this area is a showplace for geological visitors
(Kupfer and Morgan. 1976. p. 56-57). If the beds at G-241
are examined in detail, however. it is seen that individual
beds. up to 10 centimeters thick, wedge out and disappear
within 5 meters in one direction and join together in the
other direction. These black beds probably represent an
original sediment-rich internal shear zone that has been re-
mobilized, recrystallized. and folded. If this is true. then the
Weeks' CAZ is much older than similar zoncs found at the
other Five-Island mines. It represents an older boundary

shear zone that formed at some lower stratigraphic level and
has since been mobilized and brought into its present posi-
tion (Kupfer. 1976. p. 1439).

Fractures. Fractures in salt ma! be natural or induced by
the works of man. The following tahle (Table I) shows the
principal types of fractures. These openings. along with
natural and artificial openings. form the only porosity and
permeability to be observed in salt. The only natural op-
enings are those filled with fluids or gases. as already de-
scribed. The artificial openings, including mine workings
and borings. are important as they induce most of the frac-
tures observed in salt stocks. As most of these fractures are
ubiquitous. they are not of importance in this report. The
exfoliation fractures, although not anomalous, will be de-
scribed in somewhat more detail because of their impor-
tance to mining safety: and because one special type. ceiling
slabbing. appears to be more strongly developed and there-
fore more dangerous in and near anomalous zones.

Exfoliation joints. Exfoliation joints. also called expan-
sion joints. form when any homogeneous rock, such as salt.
expands. As the salt in salt domes was originally buried
several thousands of meters deeper than it is now, the salt
was compressed and recrystallized under a high confining
pressure (stress). Given an opportunity. the salt will ex-
pand. commonly causing jointing and fracturing.

Exfoliation joints in mines form parallel to the walls,
ceilings. and floors of the mine openings as the salt creeps
inward (Fig. 3). This movement can extend into the salt for
at least 15 meters. and open joints have been observed
7 meters back of the mine face. One '"rule of thumb" states that
this distance is half the width of the opening (i.e.. over
10 meters in most Gulf Coast mines). The joints are most
obvious at corners where two sets intersect and cause the
corners to spalI and become rounded. The size of the joints.
distance back into the walk, and rapidity with which they
open are controlled by many factors such as salt purity.
temperature. depth. and speed of mining. Figure 4 shows
diagrammatically some of the relationships involved.

Exfoliation joints mainly develop in the first month after
a mine room has been opened up. but they continue to
develop for at least a year. It is not known if they always
develop: very pure salt may flow outward without the de-
velopment of open joints. Salt no, is ver% rapid for the first
six months. but gradually decreases ito a slow and barely

TABLE I

Fractures in Salt

1. Joints and other subparallel fractures.
a. Blast tractures-created at the time of mining
b. Exfoliation joints-created b% release of presure istrain)

aa. Natural
bb. Anificial

2. Cracks and other irrgular fractures
a. Intecrelnular fru.turesfriabilin
b. Niscellaneou%-various origins.
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perceptible rate that probably continues indefinitely: joint-
ing may do the same.

The importance of this gradual development of inter-
ieranular fractures and of joints. at first rapidly and later
slowlv. to the mine-leak problem cannot be over-em-
phasized.- Mine management is continually trying to seal off
leaks. onlv to have them reopen in a few months or a few
years. The reason is that the contact between salt and ce-
ment is the most vulnerable place for differential move-
ment, thus tight seals are broken with time and leaking starts
again. Similarly, joints can be dry for months. but as they
gradually develop they eventually tap liquid pockets or
brine passageways.

Two experimental approaches are suggested. First. try to
develop cements that match the properties of the salt as

- nearly as possible. and that remain flexible rather than brit-
tle as they 'set'. Second, experiment with nature's own
remedy-the expanding clay. An expanding clay, like
montmorillonite. bentonite or attapulgite, never .sets".
When dry it moves into fractures and compacts: and when
wet it expands and swells, forming a seal.

Ceilirizg Slabbing. Exfoliation joints that form in the roof
(ceiling) of the mine form horizontal slabs that are difficult
to detect until they fall (Figs. 3 and 4). Slabbing can be
very dangerous, especially if the joint forms several tens of

Figure 3. Ceiling slabbing occurs on exfoliation joints (E and
T) that parallel the flat roof. As the slabs fall away, broad ex-
panses of very smooth. black ceiling are exposed (A). Locally the
joints (T) may form at two or more levels. Ceiling slabbing is
independent of bedding (B). Corner spalling (C) is more irregular
and partially influenced by both bedding and mining direction.
The potential for ceiling slabbing is greater in areas of folds (Fe,
especially in black, impure salt.

C I f il D
Figure 4. Diagrammatic cross section of typical salt working shows development of exfoliation
joints and ceiling slabbing. Openings are greatly exaggerated. Both bedding (b) and joints (a. c, d.
e. S. h) develop perpendicular to the plane of the sketch.

A) Arrows indicate tendency of salt to expand inward upon release of confinirig pressure by
mine opening. Exfoliation joints develop at a and e. Vertical bedding shown by dashed line b.
B) Stresses, wide arrow in roof can be released by development of exfoliation joints (short dashed
lines d and e) that parallel the roof face. Once pint d forms it expands laterally (arrows), developing
smooth. horizontal joint plane. Because it is easier for stresses to be released by continued develop-
ment of d than for a new joint e to form, one joint dominates a large area. C) At corners. radial
stress release! is at right angles to face. Exfoliation joints g and h curve inward and intersect. Thus
exfoliation slabs are thicker at the center of walls and ceilings than at the sides. D) Slightly arcuate
exfoliation joint in ceiling (k~j-k) allows the roof to sag for a few centimeters to position 1. shown
greatly exaggerated by short dashed lines; this resulu in failure of the slab and roof-fall.
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centimeters above the ceiling face, so that the slab is thick
and extensive. When large slabs fall, they can crush both
men and machinery. Investigation of these 'roof falls", or
''ceiling s.abbing'. indicates' that they are larger. more
common. and morc danecrous as workings go deeper and
rooms become wider.

Typical slabs in normal salt are only 10 to 30 centimeters
thick and cover areas about 3 to 5 meters in diameter. In
black, folded salt, the slabs are up to 1.5 meters thick and
cover areas of up to 30 meters in length. After slabbing, the
ceiling is very flat and smooth, and reflects light uniformly
over the whole surface. Common!v the surface is black and
clearly shows the large arch-bends of the folds. The folds
seem to have localized the joint and the later *'roof-fall".
Slabbing is controlled. in part. by the type of salt and its
fold.structure.

Ceiling slabbing is most frequent in dark, anhydrite-rich
beds of salt, and particularly in black salt of the type associ-
ated with anomalous zones. Most slabs occur at the arch-
bend of these black folds. The reason for this occurrence
has not .yet been full) explained, but is probably related to
the additional strength imparted to the salt by the impurities.
Thus, ceiling slabbing, particularly the thick and extensive
slabs that are most dangerous. commonly occurs in the area
of other anomalies such as interbedded sediments, pressure
pockets, and black salt.

In addition to width of arch and salt composition. some
other factors that may affect ceiling slabbing are time. speed
of mining. temperature. and orientation. Slabbing com-
monIv occurs soon after a mining area has been opened: if
slabbing does not occur within a few months. it is much less
likelv to occur at all. But areas that have slabbed in the past
may do so again, even after rock bolts (roof bolts) have been
installed. Speed of mining and sequence of mining are pos-
sible factors, including the length of time a face is left
unblasted. The orientation of rooms to each other also influ-
ences the jointing. Corner spalling (Fig. 3) is universal, and
increases in importance with the height of the rooms and the
depth of the mine opening below sea level. A marked
change in roof level, overhangs, lips, and other angular
changes in roof shape inevitably cause spalling.

A sudden change in temperature causes differential ex-
pansion, and may cause a slab that has already formed to
fall. Several cases of ceiling slabbing have occurred when
diesel equipment (with exhaust pointed upward) have been
left standing at one place with the engine running.

PRESSURE POCKETS

Size and shape. Pressure pocket is a name I am using
for a particular type of "blowout" or gas "burst" that
occurs in all but one of the salt mines of Louisiana. the
exception being the Avery Island mine, which is still being
mined at a relatively shallow depth. A pressure pocket is an
opening that develops in the roof of a mine-workling during
blasting. More salt breaks out than was planned: and a

-rounded, conical. or vertically elongate opening develops in
the roof or. sometimes, in the upper part of the wall of the
mine opening. Even though an initial opening may start out
at a low angle. in a meter or so it i ill turn upward. Most are
from 0.5 to 10 meters high. but the) range from just barely

-observable to -some that are so high the tops have not yet
been seen or measured (Fig. 5). but are estimated to be over
50 meters. The large ones are cornucopia-shaped openings
that twist upward into the roof for 10 to 30 meters, are 3 to
10 meters wide at the base, and look somewhat like a solu-
tion-cavity in limestone-a conical. twisting opening that
gradually decreases in size upward. When they form, large
volumes of granulated salt are blown as far as 40 meters
into the workings.

There is every gradation, from the large openings that
displace tons of salt. to small pockets that are difficult to
distinguish from the pockets left by slightly erratic blast
holes or "overbreaks". The small ones are mostly confined
to the comers between walls and ceiling, and are 10 to 50
centimeters in diameter. These small openings are ordinar-
ilv overlooked. but they occur in the same anomalous zones
as the large pressure pockets and are characterized by the
same 'distinctive joint pattern (next section).

Pressure pockets occur in pipe-like zones of salt. These
.. pipes' have a long vertical dimension and are somewhat
cylindrical, tapering toward the top (and also probably to-
ward the bottom in the natural state, although this is a sur-
mise).

In the larger and better exposed pipes. the long (vertical)
axis appears to be at least five times as long as the diameter.
and may be more than that. In cross-section some pipes are
elliptical. and the longer axis more or less parallels the direc-
tion of bedding or is perpendicular to it.

Jointing. The walls of most pressure pockets have a
distinctive. concentric, shingle-like joint pattern that does
not occur in normal blast openings. but does have some
resemblance to blast fractures. As one looks into the circu-
lar opening. the walls are covered by joint-bounded slabs of
salt. The joint spacing is about I to 3 centimeters and the

Figure 5. Cross section of pressure pockets in 2o-f oot 17.62 m)
high mine workings. Note large volume of sift "ecxplcded" out of
the new pocket.
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joints are inclined at a low ancle to the surface of the work-
in-, and at rieht-angles to the axis of the poecket'. The wall
appears to he covered by "shincle& of salt in a concentric
pattern. Concentric jointing may be absent. vague, or
well-developed: but. if present, it helps to identify the open-
ing as a pressure pocket and not just a blast opening or
'overbreak'.

Location. Commonly a series of pressure pockets are
aligned along a single black bed (Fig. 6) or a thin zone of
beds. The pressure pockets. especially the larger ones.
occur with other anomalous features such as black salt.
shearing, and inclusions. They are not always confined to
the sediment part of the CAZ. but are common there. At the
Belle Isle mine they occur in a parallel zone about 200 to
400 meters from the CAZ (Fig. 7). At the Weeks Island
mine one set occurs at the inner edge of the sheared salt
sheath (EAZ) which surrounds the stock and is in pure
white salt. At Jefferson Island mine the main line of
pressure pockets is vaguely parallel to the EAZ, but is
300 meters away from it.

There is some indication that pressure pockets increase in
size and abundance with greater depth, although this is not
firmly established (Table 3). Not enough mining has been
done yet at various levels within any one mine. One rela-
tively large pressure pocket (5 m in diameter) is located as
shallow as 200 meters below the ground surface: smaller
pockets ajong strike are 120 meters below. The largest ones
are in the deepest (400 m) mine levels.

Upward only. Another unusual feature of the occurrence
of pressure pockets is their location only in the roofs of
workings and not in the floors. After the rooms have been
cleared of broken salt and mining has continued into a new
area. pockets extend tens of meters into the roof (Table 2),
but the floor is the flat surface made by the original under-
cutting operation (Fig. 5). Whatever is being released
(pressure. gas, stress) must extend into the floor as well as
the roof as mining cuts the 'pipe" of salt at an arbitrary
level, yet only the salt in the roof is released explosively. Is
this because of gravity or mining method? Probably it is
both. The undercutting operation, which is done slowly
over a period of hours probably allows the slow release of
the stress for a meter or two into the salt. Then more time
elapses as powder holes are drilled, loaded, and finally
blasted (sometimes several shifts later). By this time all of
the stress in the lower half of the workings and for a distance
into the floor has had an opportunity to be released slowly.
The salt in the upper half, however, is still confined and the
stress is suddenly released by the blast. A pressure pocket
forms and travels with high speed up the "pipe" of still
unreleased stress as gravity aids in the removal of the salt.
This hypothesis is confirmed by the -fact that the large
pressure pockets occur at the forward end of a block of salt
removed by blasting, and commonly curve horizontally into
the newly opened face before curving upward into the
"pipe". If the original "pipe" is too close to the previous
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Figure 6. Map view of pressure pockets (A-M) that have de-
veloped along a single. black. clay-bearing. popcorn-lvpe. salt bed
at the Cote Blanche mine. Pocket N may be on a sheared-out part
of the same bed. See Table 2.

, TABLE 2

Pressure Pockets, Cote Blanche Mine

Letters correspond to Figure 6. Length, width. and height of
pockets in meters; plunge and azimuth of long-axis of pockets in
degrees.

L W H Plunge Comment

A. 0.3 0.2 0.2 Hemisphere Small pocket in roof
B. 0.5 0.3 8 80 (a 090 Tiny chute
C. 0.3 0.3 I Vertical Part of pocket C-D-E-F
D. 2 1 3 70 @ 020 As above
E. I I S So 0 355 As above
F. 2 1 3 S5 e 000 As above
G. 5 2 10 65 Cd 160 Large. south-plunging

cavity
H. 3 1.2 1.5 45 @i 290 Large, horizontal

elongation
1. 2.5 1.3 2 75 (l 350 Upperpanof GandH
GH&I. 6 4 7 60 @ 340 Large, complex pocket

of three pans
J. 7 3 12+ Vertical Twists upward, base

plunges 200 azimuth
K. 0.4 0.3 1 ? Cq 020 In roof, since mined away
L. 1.3 0.7 0.3 60 @ 020 In corner
M. 8 5 6 Hemisphere Black bed forks northward
N. 10 6 8 65 @ 330 Large. high pocket;same

bed???

working face most of the stress is released before blast-
ing-a pocket may not form, or if it does it is much smaller.

An unanswered problem is why the holes drilled for
blasting do not release the stress. Possibly the holes are not
large enough or extensive enough.

After most of the stress in the "pipe" has been released,
either upward by explosion (blowout) or by gradual release
downward, the "pipe" stabilizes. Any residual stresses.or
pressures are probably gradually released with time.
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Figure 7. Sub-parallel arrangement of anomalous features away from the central. boundaryv
shear, anomalous zone as marked by clay inclusions. Belle Iske mine. Water drips, followed bv
darker salt, and then pressure pockets extend southwest away from the clay zone and to the center of
the older spine. The location of the southwestern edge of the salt snock is approximate. Some of the
bedding is taken from Cargill mine maps.
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TABLE 3

Louisiana Salt Mines

CAZ = centril anomalous zone: EAZ = edge anomalous
zone. OZ = fisher zone: PP = pressure pocket: CS = ceiling
slabbing. Table lists only prominent anomalous characteristics
of the six Locisiana salt mines: continued mining may add to
the list.

Jefferson Island
Northernmost island: Diamond Crystal Salt Co.: mined since
1922. four levels. deepest at 450 m.

Top of salt at two levels. lowest and oldest has caprock and
sulfur Imined 1930s): CAZ between the two spines.

Inclusions: Some sediment, minor brine lincluding CaCl.),
gas.

CAZ: Wide. dry, sediment. much dark folded salt. slabbing.
CaCl, brine.

EAZ: Penetrated in one area. strong shearing. sediment.
leaks.

CS: Most independent of anomalous zones: also in dark
.folded salt of CAZ. EAZ.

PP: 350-400 m deep, several large. independent of CAZ.
near EAZ.

Avery Island
North central island: International Salt Co.: first mined 1862,
early flooding. current mining at three levels, deepest at
275 m.

Top of salt highly irregular. cut by 'valleys' that reflect the
anomalous zones, no caprock; several spines.

Inclusions: Several zones of sandstone and brine.

CAZ. Wide, abundant sediment, sheared, very wet: pierced in
several places.

EAZ: Not penetrated.
OZ: Two or more, unexplored. wet.
CS: None
PP: None

Weeks Island
Central island; Morton Salt Co.; mined since 1900. two levels
(150 & 250 m). upper dry and without anomalies.

Top of salt irregular. no caprock. two spines with large physio-
graphic valley east of main CAZ.

Inclusions: Mixed sediment, oil, minor brine, gas.

CAZ: Width unknown. 'sheared clay and sand. folded black
salt, PP. oil and grease; probably a refolded zone, lo-
cally recrystallized.

EAZ: Wide shear zone, then PP zone, traces of sandstone,
generally dry.

OZ., Branches from CAZ, one thin sandstone bed, light oil,
PP.

CS: .Most in dark. folded salt. independent of CAZ and
EAZ.

PP: 220-240 mn deep: small to medium size. in all three
zones.

Cole Blanche Island
South central island; Domtar Salt Co.: mined since 1961. one
level (375 m).

Top of salt poorly known. no cap rock. one large spine,
poikiloblastic salt.

Inclusions: Thin beds of sandstone with K-Mg (primary ?).
gas. black clay.

CAZ and EAZ undetected
OZ: Tuo zones. sandstone. potash, slabbing. PP. unusual

jointing.
PP: 360-370 m depth, moderate size; follow black, clay-

bearing salt bed.

Belle Isle
Southernmost island. geographically separate from others;
Cargill Inc.: mined since 1960. one level (425 m): early mining
attempt in 1898 at 30 m. flooded.

Top of salt inclined. patchy caprock and sulfur on lowest part;
two spines, youngest is highest with overhang and no caprock.

Inclusions: Clav-lime sediment. brine. gas.

CAZ: Narrow, clay balls dated Oligo-Miocene. Dry with
minor CS and PP near edges, but toward center of dome
the black salt zone with large PP and moisture branches
away.

EAZ: CAZ zone curves tangentially into EAZ. gas. black
salt, clay balls.

CS: Most in black. folded salt independent of main CAZ;
also in CAZ.

PP: 420-390 m deep, several large near center of stock. on
both CAZ and in the associated black, moist salt area
near it.

Winnfield
Central Louisiana, northern salt-dome province: Carey Salt
Co.; mined 1930-65, one level (250 m deep; 190 m subsea),
flooded; caprock quarry on surface; one spine with simple
internal structure, salt rose from 8000 m, salt less pure (90%
NaCI).

Inclusions: Brine and C0 gas, much anhydrite (10%) in salt.

CAZ:
EAZ.
CS:
PP:

None
Possibly not penetrated.
None recorded, but floor-heaving noted.
200-240 m, deep; one large PP that may have exploded
during the night.

Gas. Pressure pocket "pipes" contain gas under
pressure, which may or may not be the cause of the stress.
This gas is disseminated throughout the salt of the "pipe".
Holes drilled into the pipe release gas, and sometimes brine,
both under high pressure. Even the grains of salt-expelled
by the explosion contain bubbles of gas under pressure. As

one walks over the broken salt a "popping" sound can be
heard as bubbles of gas are released. Pieces of salt dropped
into water release gas as the salt is dissolved, again with a
popping noise. This type of salt has been called "crackle"
or popcorn" salt. A salt analysis at the Winnfield mine
(Hoy, Foose, and O'Neill, 1962, p. 1458) showed the gas
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to be 50 percent carbon dioxide and 22 percent water under
500 to 1000 atmospheres pressure.

Winnfield. A large pressure pocket occurred at Winn-
field mine (Fig. I) in central Louisiana in the 1950's
has been described by Belchic (1960. p. 38-39). Because
of the' inaccessibility of the original publication, the com-
plete description is repeated here:

"Carbon dioxide gas and brine: Carbon dioxide gas is
very abundant in the dome, occurring not only as inclusions
in the halite crystals, but also in large pockets. Such a
pocket was tapped during the course of mining operations.
resulting in the violent release of dry gas under high
pressure, which filled the room with fine salt, blown down
from a pocket over 100 feet above the roof of the mine. This
pressure surge forced the belt off the ventilating fan at the
surface. In other instances gas has heaved the floor up with
great force. This gas is frequently associated with saturated
brine, and together they are observed in most sections of the
mine. Their most common occurrence is in the porous and
permeable bands, and through small crevices and joints.
escaping into various low-pressure areas, such as mine
rooms, mine wells, drill holes, etc.

"During the early years of mining operations, nine ex-
ploration holes were drilled in the floor of the northwestern
part of the mine to an average depth of 600 feet below that
datum. Several of these holes flowed saturated brine and gas
under high pressure. and mine well No. 8 still produces a
small amount of gas and brine. Evidently, the brine comes
from the deeper interior of the dome, for it has never
freshened, and has progressively sealed the holes rather than
enlarged them.

"In several mine rooms may be observed hundreds of
small craters or stalagmite-like mounds of salt. They are
formed by gas which, escaping upward through the floor
under pressure, brings with it brine that upon evaporation
leaves small mounds of salt, ranging in height and diameter
from a few millimeters to several inches. In the sections of
the mine which recently have been opened, these features
are small and very active. The gas may be plainly heard as it
bubbles up through the brine. In most of the older rooms,
however, either the gas supply in the immediate vicinity has
been exhausted, or more probably, the brine has sealed off
the vents, for the craters are no longer active and the floor of
the rooms is comparatively dry.

"Generally when a low room (25-foot roof) is opened in
a "wet" area, brine drips from the roof for days to months,
forming iron oxide stained "salt stalactites"' of all sizes.
Later, when these low rooms are enlarged to approximately
90 feet by blasting down the roof, the stalactites do not
form, or are very small. This indicates that the source of
brine and gas is cut off when a low room is mined; the brine
above the room, no longer under pressure from below, per-
colates slowly downward, forming these features as it drips
from the roof. When mining operations are renewed in these
rooms and higher roofs cut, the water from above has been

-exhausted and stalactites no longer form. If a low room
stands for several years. the stalactites, having apparently
exhausted their source of brine, cease to form.

Usually there is little or no brine or gas flow from the
walls, although on several occasions when blast holes were

-drilled into the walls, small gas pockets were tapped which
violently ejected tools or dynamite. From several of these
holes there developed a considerable flow of brine, which
soon diminished and generally ceased entirely within a few
hours. However, in the walls of certain rooms are holes
drilled a number of years ago. From several of these hang
large "stalactites" of deeply stained salt, still actively form-
ing. These long-active stalactites occur almost without ex-
ception in.the corners or on the back walls of the rooms.
Holes drilled in the pillars between rooms, on the other
hand, do not remain active for any length of time.

"In some rooms, no gas or brine activity has ever been
observed. In other rooms. "stalactites" have been forming
steadily on the roof for years. Invariably these latter rooms
are located in the extreme western end of the mine. where
the occurrence of very coarsely crystalline salt and much
carbon dioxide gas suggest the close proximity of the edge
of the d6me."

Several features of the Winnfield mine occurrences
should be noted. Although the main pressure-pocket explo-
sion did not penetrate the floor, other instances "heaved the
floor up". Also, according to one report that I have from
one of the miners of the area, the main explosion occurred at
night, and not during blasting. Also, the force of this explo-
sion appears to have been greater than that at other mines. It
should also be noted that several of the features described by
Belchic are more descriptive of typical mine leaks than of
pressure pockets, even though these two may be related.

Origin. In summary, the principal characteristics of
pressure pockets are that they are gaseous, pipe-like, and
occur along linear zones that are associated with clastic,
liquid, and gaseous inclusions, shearing. and abnormally
dark salt. The pressure or stress can be released slowly, but
if released suddenly causes a violent explosion. Pockets are
of various sizes and appear to increase in size and pressure
with depth.

Most suggested origins imply that pressure pockets are
related to pressurized gases (and/or liquids). but another
hypothesis is that they are related to salt in super-stressed
condition (personal communication, M.B. Mirza, Mining
Engineer, Weeks Island mine, 1977). Mirza suggests that
when mining allows a release of pressure, the salt undergoes
a phase change and resulting volume expansion. which
causes the explosive ejection of the salt. This hypothesis
places the stress in the solid salt, rather than in the associ-
ated confined liquids or gases. The fact that the pressure
appears to be dissipated somewhat by small openings, such
as drill holes, and over a long period of time, would suggest
that this is not the principal cause of pressure pockets, but
might be a contributing factor.



If the pressure pockets ;ir caused by confined gases
under pressure. the question arises as to when the gases
were introduced-primary or secondary? Both may occur.
and this has been considered elsewhere in this report.

At Belle lzIe mine. however, the origin appears to be
definitely secondary (Fig. 7). The boundarv shear zone has
been mapped southeastward for over 1000 meters (Kupfer,
1976) from the-northwest edge of the salt stock and well into
the center of the stock. The solid, liquid. and -gaseous
phases of the inclusions appear to separate as the CAZ is
traced into the center of the stock (Fig. 7). and the intensity
of the liquid leaks and gaseous explosions also increase.
This suggests that although all three (solid, liquid, and gas)
may have originally been introduced into the salt along the
boundary shear zone that is now incorporated into the center
of the stock, differential movements have occurred. The
solid'materials are the least mobile, and the sediments are
still plastered against the same salt as they were when they
were on the outside of the salt stock. Movement has caused
shearing. lensing, boudinage, and intimate recrystallization
of salt into the sediment, but transfer distances are probably
measured in centimeters, not meters. Liquids have proved
more mobile, being found as much as 100 meters into the
surrounding and older salt. indicating that at the time of
intrusion of the adjacent new spine of salt, the old spine was
apparently highly fractured and porous, and this edge-salt
contained liquids. Gases could penetrate even farther, over
200 meters.

After the gas and liquid penetrated the salt, the salt
started moving (spine or movement) and much of the poros-
ity/permeability of the CAZ was destroyed. The gases in
the original boundary zone were able to escape because of
the greater permeability caused by the sediments in this
zone. The gases that penetrated well into the more massive
salt became permanently sealed there by recrystallization
and maintained their pressure through later movements.
This would explain the parallelism of separate pressure-
pocket -zones with the zones of sedimentary inclusions
(Belle Isle, Jefferson Island) and the increase in size of the
pressure pockets toward the center of the stock in all mines.

Mines, like the Weeks mine, where the pressure pockets
are more intimately associated with the sediments, probably
had a different history. The sediment zone .may have been
incorporated into the salt stock (by spine motion) when it
was at a greater depth, and the more plastic nature of the salt
and sediment prevented the escape of the gas associated
with this zone. Greater depth would also mean that the edge
zone (before spine motion) was less brittle, narrower, and
almost confined to the sheared clay gouge zone (shale
sheath). Thus the EAZ, which later became a CAZ, was
narrower and the separation of gas and liquids-from the solid
sediments did not occur.

Pressure pockets are caused bi gases of various composi-
tions, hydrogen sulfide, methane, carbon dioxide, and
probably others, and probably various origins. The gases

are incorporated into the mass(ve salt. and as the salt moves
during salt dome formation. the gas pockets are subdivided,
stretched vertically, and disseminated through the individ-
ual crystals and into the boundaries around the grains. The
gas in the pipes is in tiny bubbles. cracks. and other small
openings. The 'popcorn' salt that results is confined to
pipe-like, -cylindrical zones of vertical orientation. The
pipes are aligned horizontally along the bedding.

As mine works penetrate an area of pipes the geopres-
sured salt tends to expand outward into the workings. Salt
grains separate and intergranular fractures form that connect
the ' popcorn " gas pockets, and gas is released into the new
fractures. If exfoliation joints form, these cause even greater
release of inter- and intra-granular gas into the open joints.
The release extends back into the salt for as much as 7 to
10 meters. If preliminary drilling and undercutting does not
allow the escape of these gases, sudden release occurs
during blasting and a pressure pocket starts to form. As the
pocket grows, more gas is released. Gravity, combined with
the expanding gas, hurls the salt downward and out into the
workings. The pocket grows until the pressure is released.
or the pocket becomes so filled with salt that no more instan-
taneous rclease is possible. Further release is gradual and
the size of the pocket is stabilized.

INTERRELATIONSHIPS

The characteristics of the various types of anomalies
have been described, and their typical occurrences have
been noted. Most tend to be associated either with exterior
shear zones that formed at the edge of the salt stock (EAZ,
edge anomalous zones), or with EAZ that were later in-
cluded into the salt as a boundary shear zone (CAZ, central
anomalous zone). The CAZ at Weeks Island appears to
have been later remobilized and refolded.

Sediment and black salt are found at the outer edge of the
EAZ and in the core of the CAZ. Other types of anomalies
may occur with the sediment or in zones around it. Liquid
drips, for example, commonly occur in the next zone out-
ward, while gas, especially in pressure pockets commonly
occurs still farther out. But both liquids and gases also occur
intimately mixed with the sediments. Shearing is all-perva-
sive, and some shearing is very widespread in its occurrence
and may. have a separate origin. Shearing is probably a
necessary prerequisite of both the CAZ and the EAZ, even
if later recrystallization sometimes makes the shearing less
obvious. Slabbing is controlled more by depth and by mine
width than by position with respect to other anomalous fea-
tures, but slabs are thicker, larger, and more abundant in the
black sediment-bearing salt associated with the CAZ.

In the Cote Blanche Island mine the sediment-bearing
zones are very thin and lenticular, but persist over great
distances. A series of exposures of red to orange-brown
sandstone appear to be part of a single bed that can be traced
throughout the entire mine in a giant, discontinuous, and



highly irregular loop. The loop is about 550 meters long
(nonh-south) by 200 meters wide. It has not been followed
continuously because it is lenticular, and because much of
the mine is now covered by a layer of dust and soot thar
prevents easy observation. This long, discontinuous. and
quite narrow bed (commonly only 10-100 cm thick) ap-
pears to be folded rather than faulted into its present posi-
tion. It seems probable that this orange sandstone was an
original bed in the salt sequence that has been domed up into
the salt stock sequence in the same way that the salt was.
The individual sand grains are very rounded, wellwsored,
and frosted and represent a wind-blown sand deposited into
the salt basin by an unusually strong and long-continued
wind storm. This was also a time of great aridity, as the
sand is associated with carnolite and K/Mg brines. The
other sand zone at Cote Blanche is a similar, thinner, and
equally widespread sandstone bed, but the sand is not wind-
blown. The second bed (which could even be part of the
first bed. though not likely) is only 3 to 10 centimeters
thick, dark red-brown, and poorly sorted. At present it is
best explained as primary also, but there is still much to be
learned about these occurrences. They appear to present
many problems.

Table 3 summarizes some of the observations made thus
far. and shows the high degree of variability involved.
Probably the only thing clear is that a single origin cannot
be used to explain all of the anomalous features; yet their
consistent occurrence together suggests some kind of a
common background. Most appear to represent either
present day edge shear zones (EAZ) around salt stocks or
older zones that have been incorporated into the stock as
boundary shear zones (CAZ). The boundary shear zones
may have formed near the surface, in which case they are
wide and diverse; or at great depth, in which case they are
narrow and all the anomalous features occur together. Some
zones may have been further folded and recrystallized after
they formed. Some anondalous features are suggested to
have been caused by primary solids, liquids, or gases, but
this is quite speculative.

CONCLUSIONS

Typical Gulf Coast domal salt is pure, uniform in grain
size, and folded into vertically-plunging complex folds of
flowage origin. A salt stock consists of separate masses of
salt called spines, that appear to have been individually
emplaced into the surrounding sediments. Each spine is
bounded by a shear zone of lenticular salt and sediment of a
more anomalous nature.

Anomalous features in salt include various kinds of ex-
otic materials such as lenses of sediment and pockets of
liquids and gases. These appear to be concentrated into
zones of various types that are characterized by shearing,
recrystallization, ceiling-slabbing, leaks of various sizes
and duration, and a special kind of gas "blowout" called a

pressure-pocket. Most of the foreign materials appear to
-have been ground into the salt by shearing at the edges of
the spines, and have been further redistributed within these
edge-zones by later movements. The more mobile gases
sometimes move several hundreds of meters into the salt
from the original edie-zones: the liquids migrate only a

-hundred meters or so.
Thus, most of the anomalous occurrences can be ex-

plained as secondary in origin and as introduced into the salt
during its domal rise. But this is not true of all the
anomalies; some of the materials (solid, liquid. and gase-
ous) are better explained as having originated with the salt at
the time of its original precipitation or soon thereafter.

In general, the various anomalous features found in salt
are detrimental to the mining industry and to the use of salt
domes for storage and other purposes; some features present
dangerous hazards. Pressure pockets and ceiling slabbing
can cause loss of life and material; leaks commonlv flood
mines or introduce dangerous gases. In a way, it is fortunte
that all these deleterious features are commonly closely as-
sociated. This means that when one is encountered in the
mining process, management can be on the lookout for
others. It also means that the major dangers are concentrated
into zones that can, in many cases, be left unmined.

Several problems are presented by the use of these data.
In general, each anomalous feature can occur alone and
under harmless conditions; thus the presence of a single
feature is not sufficient to justify the abandonment of a
mining area. Also, some of the features are very wide-
spread, so that abandonment of every area where any
anomalous feature occurs would leave almost no usable
salt. Clearly, discretion should be exercised, and mining
regulations must be tempered with judgment and under-
standing of the causes, which are multiple and complex.

Our present knowledge of the various factors involved is
still minimal. Much can and will be learned concerning
distribution, structure, texture, mineralogy, chemistry, and
physical properties of the various features. Cooperation
among investigators is essential for safety and to fulfill
modern environmental requirements.

Meanwhile, some positive results can be stated. If sev-
eral of the anomalous features are found in a particular area
of a mine and mining is mandatory, this area should be
mined with caution. If it can be circumvented, it should be.
In some cases, the passage of time eases the problem and
makes mining less hazardous. In dangerous areas, probing
ahead by drilling can help to detect problems before they
become insurmountable. Careful mapping of the character of
the salt that has already been mined is very helpful. Highly
sheared salt is generally encountered before the main
anomalous zone is reached. Most of the anomalous zones
either parallel the overall bedding trends, or are at least
sub-parallel to them. The'mine opening itself is the greatest
cause of problems. Salt expands into the opening and the
wave of disruption extends for long distances into the walls,

�W
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ceiling, and tloomr. This disruption. in turn. connects pock-
ets of liqul:. and eases that were previously isolated.

Nly advice. which is that of a structural geologist. not an
engineer nor a rock mechanic specialist. is as follows.
Anomalous zones can commoniv be detected before
dangerous problems arise. If possible, avoid them. Never
penetrate closer than 100 meters to the edge of the salt
stock, and stay even farther away from the top of the salt
stock. External leaks. oncistarted. are almost impossible to
stop permanently with present technology. Central anomal-
ous zones are less dangerous, but still should be avoided if
possible. If they must be penetrated. keep the openings as
small as possible, and proceed with caution. An exploratory
drilling program is advisable.

S..
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