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FOREWORD

The purpose of the Environmental Evaluation Group (EEG) is to conduct an
independent technical evaluation of the potential radiation exposure to people
from the proposed Federal radioactive Waste Isolation Pilot Plant {WIPP) near
Carlsbad, in order to protect the public health and safety and ensure that
there is minimal environmental degradation. The EEG is part of the
Environmental Improvement Division, a component of the New Mexico Health and
Environment Department -- the agency charged with the primary responsibility

for protecting the health of the citizens of New Mexico.
The Group is neither a proponent nor an opponent of WIPP,

Analyses are conducted of available data concerning the proposed site, the
design of the repository, its planned operation, and its long-term stability.
These analyses include assessments of reports issued by the U.S. Department of
Energy (DOE) and its contractors, other Federal agencies and organizations, as
they relate to the potential health, safety and environmental impacts from
WIPP,

The project is funded entirely by the U.S. Department of Energy through
Contract DE-AC04-79AL10752 with the New Mexico Health and Environment
Department. 1

Wé( Nadf

Robert He Neill

Director
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INTRODUCT 10N

The impetus for this study was provided by a recent series of incidents at the
Kerr-McGee mine near Carlsbad, New Mexico. On December 13, 1983, a miner
operating a continuous mining machine apparently hit a pocket of trapped,
pressurized gas. The sudden release of pressure from this gas pocket caused
the gas to expand. This resulted in dislodging of rock and debris and loose
fixtures on the mining machine. According to a preliminary investigation by
MSHA, "The operator of the continuous miner was apparently killed as a result
of being struck by a light fixture which had been torn loose from the
continuous miner and hurled back into the victim's face." (See Appendix A, p.
34,) Two more incidents, fortunately non-fatal, within a 5 week period in the
same mine have resulted in a concern about the possibility of the occurrence of
such blowouts in the WIPP excavations. The blowouts occurred 9 miles north of
the center of the WIPP site in a geological strata which is 660 ft above the
excavations for the WIPP repository.

U. S. Mine Safety and Health Administration (MSHA) and N. M. Inspector of Mines
Department are investigating the Kerr-McGee blowouts. Officials of the
Kerr-McGee mine are conducting their own investigations with the help of
consultants of the causes of these occurrences and to make the mining
operations safer. This study (EEG-25) uses the reported encounters of gas in
the potash mines as well as the studies related to the WIPP project as valuable
information to reach some tentative conclusions about the possibility of such a
hazard existing at the WIPP excavations. The conclusions of this study do not
relate specifically to the safety conditions at any given mine and make no
Jjudgements about incidents in the mines.

Factual information provided by the officials of the Kerr-McGee mine, N. M.
Inspector of Mines and U, S. Mine Safety and Health Administration (MSHA), is
gratefully acknowledged.



GEOLOGY OF THE SALADO FORMATION

The WIPP site and all the potash mines in the vicinity are situated in the
Delaware Basin in Southeastern New Mexico. The Salado Formation is a part of
about 10,000 ft of sediments deposited under marine conditions in this basin
during the Permian period (>225 million years ago). Initially deposition in
the basin was bounded by the Capitan Reef. By late Permian, the basin had
filled and the saline water spilled over to the north and east covering a large
area now known as the Permian Basin. Evaporation at the surface of this
shallow sea under arid conditions resulted in the precipitation of salts,
mainly halite which accumulated over a period of time. The formation resulting

from this process is called the Salado.

\The.Salado Formation varies in thickness but at the WIPP site and the potash
mines, it is about 2000 ft thick. The Salado consists mainly of Halite (NaCl)
and other salts including polyhalite kaCaqu (504)4-2H201, glauberite
(Na,S0,+CaS0y), sylvite (KC1), Kainite (KC1.MgSO,+3H,0) Carnallite

(KC1 «MgC1,+6H,0), Langbeinite [KyMg, (S0,)3] and kieserite (MgSO,+H,0) as well
as layers of clastic rocks and anhydrite. Beds locally rich in potassium
minerals, primarily sylvite, carnallite and langbheinite, are mined from the
McNutt Potash Zone located in the middle part of the Salado Formation. Other
than the presence of potassium and magnesium rich minerals, the McNutt zone is
similar in all other aspects to the rest of the Salado.

Using the remarkable continuity of individual beds in the Salado, the U. S.
Geological Survey (Jones, 1960, 1973) has developed a system of identifing the
stratigraphic location within the formation by designating 43 individual seams
of anhydrite and polyhalite as numbered “marker beds.” The first continuously
identifiable bed of polyhalite, 120 feet below the top of Salado (at the WIPP
site), is designated MB 101. The lowest marker bed (MB 144) consists of a bed
of anhydrite in the lower part of the formation, 336 feet above the base of
Salado at the WIPP site center. The proposed repository for WIPP js located
between M.B, 138 and M.,B. 139 in the lower part of Salado (Fig. 1).

Thousands of feet of drill cores and geophysical logs of boreholes in the
northern Delaware Basin have been closely examined and correlated in connection
with the site selection and characterization for the WIPP project. This study
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Tocations of the marker beds, ore zones and the WIPP repository.
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has shown that the deposition of the Salado Formation followed a cyclic pattern
(Powers, et al, 1978). Each cycle consists of a layer of clay at the base
followed by anhydrite or polyhalite and halite. The halite becomes more
argillaceous as one proceeds upward. The cycle is finally capped by claystone
and another cycle commences. This sequence is repeated several times as one
studies the formation from the hottom to the top. The clay layers are thought
to result from dissolution of clayey halite by inflowing sea water and thus
each cycle probably represents a fresh influx of sea water in the evaporating
pan. The beds of anhydrite (CaSO,) and thick deposits of halite (NaCl)
represent long periods of evaporation from a progressively concentrated sea
water under very arid conditions. Rock salt constitutes about 85-90 percent of

the Salado Formation.

Jones (1973) has provided a detailed study of the Tithology of the Salado
formation. According to him, the entire Salado Formation basically consists of
alternating thick seams of rock salt and thinner seams of anhydrite and
polyhalite. In this manner, the McNutt potash zone is very similar to the
upper and the lower Salado. The potassic minerals at best comprise only 3 to 5
percent of the McNutt zone in the most potassium-rich sections of the northern

Delaware Basin.

Fiqure 1 shows the details of the Salado stratigraphy as observed in borehole
ERDA-9 at the center of the WIPP site. Locations of several important marker
beds, the 11 ore zones within the McNutt potash memher and the WIPP repository

horizon are shown.



PHYSICAL CHARACTERISTICS OF GAS OCCURRENCE

Existence of gas pockets is a common feature of the evaporite deposits. In the
potash mines of the Delaware Basin minor "poofs" of gas outburst is a common
phenomenon. Several large blowouts have been reported from the potash mines,
some of which have resulted in fatalities. Table 1 summarizes the reported
incidents of gas blowouts in the potash mines near WIPP during the past 10
years. The incidents have been reported from (1) Kerr-McGee mine located 9
miles north of WIPP, (2) Duvall-Nash Draw mine located five miles west of WIPP
and (3) Eddy mine of the National Potash Co., located 17 miles northwest of
WIPP, Figure 2 shows the locations of these mines and the WIPP site. The
following is a description of the reported incidents in the three mines.

Kerr-McGee Potash Mine - 1983, 84

The approximate boundary of the Kerr-McGee Chemical Corporation mine is shown
in Figure 2. The author visited the mine on February 1, 1984,

The first of the three most recent reported incidents in this mine occurred on
December 13, 1983 at 4:27 a.m. The mine level is in ore zone #10 (see Fig. 1)
approximately 1600 ft below the ground Tevel. The incident occurred in Area
169 in the southern part of the mine (Fig. 2). Fiqure 3 shows the exact
location of the blowout.

A continuous mining machine was being used to cut the 6 ft high and 27 ft wide
room. The mining was heading south when a gas outburst occurred in the upper
right side of the indented working face. An estimated 8 tons of ore was
dislodged out as a result of the outburst. Figure 4 is a photograph of the

9 ft long, 5 ft high and 2.5 ft deep cavity formed as a result of this
outburst. Large boulders, weighing up to- 500 1bs. were ejected up to 60 feet
from the mine face, The operator of the continuous miner was killed and a
shuttle car operator who was standing near his machine behind the continuous
miner was injured by flying rock pieces. The blowout left an open fracture
1/4" to 1/2" wide, oriented S58°E. This fracture can be seen across the 27
ft wide room along the back (ceiling) and 2 ft down from the back in the
eastern wall of Room 1 (Figures 5 and 6). Air samples from the open fissure



Table 1.

Date

dan. 23, 1984

Dec. 19, 1983

Dec. 13, 1983

March 1976(?)

Nov. 27, 1974

Dec. 16, 1973
to
Feb. 24, 1974

Mine

Kerr-McGee

Kerr-McGee

Kerr-McGee

Duvall
Nash Draw

Eddy Mine
Nt'1 Potash Co.

Eddy Mine
Nt*'1 Potash Co.

Location

10th ore zone, Area 169,
Room 5 (N-S).

10th ore zone, in a N-S
tending room in Area 160.

10th ore zone, Area 169,
Room 1,

Sylvite level (10th ore
zone?)

North Pillar Section

North Section

Reported Major Pressurized Gas Encounters in the Potash Mines Near the WIPP Site

Brief Description

The mining machine moved back about 2 ft as a
result of the blast. About 2 tons of debris was
produced. Near vertical open fracture trending
110° Figs. 2 and 3. No fatality. Minor
injuries.

Blowout was associated with a vertical fracture
trending 125°, Fig. 2.

The mining machine was found 25 ft away from
the face where blowout occurred. Estimated
15 tons of ore was dislodged. A cavity about
60 ft3 in volume was formed. Vertical frac-
ture trending 122°, One fatality. Figs. 2
and 3, MSHA report dated 1/16/84 (App. A).

MESA (Precursor of MSHA) Report dated 4/7/76
(App. B). Roof fall (48'x32'x5'), 180 tons of
material, caused by trapped aases above the
roof. One fatality due to suffocation.

State Inspector of Mines report dated 11/27/74
(App. C). Roof fall with strong sudden air-
blast. One serious injury and seven lost-time
injuries.

State Inspector of Mines reports dated 4/18/74,
2/25/74, & 12/20/73, (App. C). Release of
trapped gases with a floor break on 12/16/73.
One sample from a floor bleeder contained 12%
oxygen and 16% methane. On 2/24/74, an area

of bottom approx. 230 ft x 230 ft fell 30 to

40 ft down after release of gas. A section

of roof, 6 to 8 ft thick also fell near the
center of the area of floor fall.
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Figure 4.

The location of 12¢13-1983 blowout showing the cavity
(9ft x 5ft x 2.5ft) formed and the vertical fracture trending

122° in Room 1, Area 169, Kerr-McGee mine (See Fig. 3 for
location).



Figure 5. Close up of the fractures at the location of 12-131983
gas blowout in area 169 of the Kerr-McGee mine (See Fig. 3
for location).
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Figure 6.

Fracture aligned 122° (N58°W, S88°E) in the back (ceiling)
of the 12-13-1983 gas blowout in the Kerr-McGee mine.
Picture looking SE in Room 1, Area 169 (See Fig. 3 for
location).

11



within the blowout cavity taken by MSHA investigators on December 14, 1983 were
analyzed to contain 89% nitrogen, §% or less oxygen and from 3 to 6% methane.

A report by Cavanaugh and Davidson‘dated January 16, 1984 provides details of
this incident (App. A).

The second blowout in the Kerr-McGee mine occurred in Area 160 about 2 miles
northwest of the first incident, on December 19, 1983. The outburst has left a
vertical fracture trending 125° (N 65° W, S 65° E). The room at this location
has been excavated to 12 ft above the floor to expose the fracture. About 8 ft
above the floor, the fracture has been laterally displaced about 6 inches along
a horizontal clay seam (Fig. 7).

The third of this series of gas blowouts in the Kerr-McGee mine occurred on
January 23, 1984 at 4:50 p.m. at the same level and about 500 ft southeast of
- the December 13 blowout (Fig. 3). The operator of the continuous miner had
started excavating in the face with the continuous cutter. There was a loud
sound and debris started flying from the mining face near the cutter. The 50
ton continuous mining machine was knocked back about 2 feet as a result of the
outburst and the operator was injured by flying debris. The mine personnel
attribute the lack of a serious injury or fatality in this case to the pro-
tective metal grating which had been installed on the mining machine after the
first two incidents (Fig. 8). An estimated 2 tons of rock was dislodged out
of the cavity caused by this blowout. An open vertical fracture trending 110°
(N 70° W, S 70° E) has been left in the face from which the gas escaped (Fig.
9). There are unconfirmed accounts of two more blowouts in the Kerr-McGee mine
during February and March, 1984,

Duvall Nash Draw Mine - 1976

The Duvall-Nash Draw mine is located about 5 miles west of the WIPP site. The
Sylvite level is only about 900 ft below the ground surface because of removal
of rocks overlying the Salado in Nash Draw. A large roof-fall involving an
estimated 180 tons of rock occurred at the sylvite level of this mine in early
1976. A report by Ellickson dated 4/7/76 provides the details of this incident
(App. B). The investigation concluded that the roof-fall was caused by release
of gases trapped above the roof. While examining the buried mining machine
sometime after the roof-fall, the shift foreman died presumably of suffocation
due to lack of oxygen.

12



Figure 7. Vertical fracture, trending 125° (N65°W - S65°E) laterally
displaced along a clay seam at the location of 12¢19:1983
gas blowout in area 160 of the Kerr-McGee mine (See Fig. 2
for Tlocation). '
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Figure 8. A continuous mining machine with a protective metal
grating to protect the operator from debris resulting
from a potential gas blowout. (Kerr-McGee mine).
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Figure 9. Near vertical open fracture trending 110° at the location
of 14231984 gas blowout in Room 5, Area 169 of Kerr-McGee
mine (See Fig. 3 for location).

15



Eddy Mine (National Potash Company) - 1973, 74

The Eddy mine is located about 17 miles northwest of the WIPP site (Fig. 2).
Three incidents of roof and floor fall in this mine accompanied by sudden
release of gas were reported in 1973 and 1974 (Table 1). Four reports by the
State Inspector of Mines dated 12/20/73, 2/25/74, 4/18/74 and 11/27/74
described these incidents in detail (App. C). There were floor breaks and roof
falls on 12/16/73, 2/24/74 and 11/27/74 due to release of pressurized gses in
this mine. There were several injuries as a result of the 11/27/74 incident.

Gas Blowouts Prior to 1973

Written records of older incidents of gas blowouts in the Carlsbhad area potash
mines are difficult to trace, but several people associated with potash mining
in the area remember such incidents. For example, Sidney R. Kirk (MSHA)
recalls (verbal communication) an incident of sudden roof-fall, most 1ikely
associated with a gas blowout at the U. S. Borax mine (now known as Mississippi
Chemical). This incident in which one miner was killed occurred around 1960.

The U. S. Bureau of Mines conducted a detailed investigation into the
occurrence of gas in the Carlsbad Potash District mines in 1963-64. The report
of their investigation (Rutledge, et al, 1964) is included as Appendix D of
this report. A total of 169 vertical.holes, 20 to 40 feet deep were drilled
into the roof at six mines. Gas under pressure was found in 67 of these
boreholes. A total of 91 "blows" were encountered, 87 of which came from the
clay seams. Seventeen holes were examined with a stratascope and the
examination revealed that the gas emitted from the clay seams was contained

in small vugs about 0.1 inch in diameter, connected by hairline cracks. Gas
pressure in clay seams was found only in holes drilled in intersections of
drifts. Gas between intersections was found in only 1 hole where it occurred
in a small pocket in salt. As the pressure of gas in boreholes was released
the roof rose visibly. As a result of this investigation, the authors
recommended that "stress on the immediate roof strata due to gas pressure may
be relieved by drilling 10 to 20 foot deep vertical holes in each intersection
as soon as practicable after first mining while ventilation is still intact."
This practice has been adopted by several of the mines in the area.

16



Occurrence of Gas at WIPP Site

Gases have been encountered during the drilling of exploratory holes for WIPP
at several stratigraphic horizons in the Salado formation. Table 2 summarizes
the available information and was prepared from data provided in Griswold
(1977) and the Basic Data Reports for the boreholes. Figure 10 shows the
locations of these boreholes. It clearly demonstrates that gases occur in the
upper, middle and lower sections of the Salado Formation.

More than 10,000 feet of excavation at the WIPP repository horizon has been
completed to date. Although no written record of gas encounters, even minor
"poofs", is available for the WIPP excavations, several project participants
informally discussed with the author instances of release of minor amounts of
gas accompanied by hissing sound during the excavations for WIPP. The
occurrence of gas 10 to 15 feet above (in Anhydrite "a" and "b" layers) and 10
feet below the WIPP repository (in Marker Bed 139) has been studied in detail
(U.S. DOE, 1983). The maximum rate of flow of gas was encountered 850 ft south
of the 12 ft exploratory shaft. Hole S850A was drilled vertically upwards from
the roof of the East 140 drift and encountered as much as 12,280 cc/minute flow
rate of gas emanating from Anhydrite "b" layer. A hole (S850C) drilled
vertically down at the same location, to a depth of 14.8 feet, intercepted gas
in the clay layer below Marker Bed 139. The initial flow rate was
approximately 1200 cc/minute. One day after completion of hole 850-C, the hole
was found to contain approximately 2 liters of brine. Gas was encountered in 9
boreholes drilled from the roof and floor of WIPP drifts. Pressure buildup in
these holes ranged from 10 to 120.6 psi. A typical flow hydrograph of the WIPP
gas testing borehole shows a periodicity of flow. Each hole has a different
magnitude and periodicity of flow. Although a possible explanation is that the
flow may be influenced by changes in ambient pressure in the mine, it has not
been demonstrated and there might be other explanations for the pulsating
character of gas emanations.

17
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Table 2.

Hole Depth (ft)
ERDA-9 1409
ERDA-6 1841

2021
AEC-8 1100 - 1282
AEC-7 1610
P-7 780 - 1234
P-12 13007
P-20 T.D. 1995

Stratigraphic Horizon

Between Vaca Triste and 11th ore
zone (McNutt Potash Zone)

Between M.B. 134 and M.B. 135
=200 ft, above WIPP horizon

WIPP Repository Horizon - Between

M.B. 138 and M_R, 139,

Retween M.B. 101 and M.B., 109
Upper part of Salado

Between 10th and 11th ore zones,
McNutt Potash zone

Upper Salado

Salado

Lower Salado

NOTE: See Figure 10 for the locations of these boreholes.

Encounter of Gas in the Salado Formation in WIPP Exploratory Holes

Comments

Trace H,S

Blew for 30 minutes.

Blew for 45 minutes.

Produced N, gas for several months
@ 35,000 cu.ft./day.

~ Blew for 1 hour.

Numerous kicks.

Hole unloaded drill fluid over a
weekend shutdown.

Slight blow when hole reached final
depth.
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CHEMICAL COMPOSITION OF SALADO GASES

Table 3 shows a summary of the chemical analyses performed on Salado gases from
near the WIPP repository horizon and from the McNutt Potash Zone. The analyses
show that nitrogen is the primary constituent with concentrations recorded from
76.3% to 96.5%, oxygen accounts for 0.2% to as much as 22% and methane
constitutes from 1.07% to a maximum of 7.8%. Very small amounts of CO, and
CoHg are also present. It should be kept in mind that the process of gas
sampling is somewhat tricky and that it is quite likely that the samples
showing oxygen content much above the average values may have been contaminated
by air. The highest concentration of methane (7.8%) was found in the gas
sample collected from the clay layer below Marker Bed 139 in the borehole 850-C
drilled 15 feet into the floor of the East 400 drift, 850 feet south of the 12
foot exploratory shaft at WIPP.

There has been some confusion about the nature of gas outbursts in the Carlshad
area potash mines. Use of the word "explosion" to characterize the sudden
release of pressure and consequent flying of rocks and debris has been
misunderstood. It is therefore appropriate and pertinent here to examine the
"explosibility" of Salado gases.

Webster's dictionary defines "explosion" as, "the act or an instance of
exploding as a large scale, rapid and spectacular expansion, outbreak, or
upheaval." Similarly, one of the meanings of the word "explode" is, "to burst
violently as a result of pressure from within." The violent outbursts caused
by the sudden expansion of gas due to release of pressure from the trapped gas
in the rock strata can thus be best characterized as "explosion." However, the
word also connotes explosibility in a chemical sense. The Salado gases do not
appear to be "chemically explosive." For this reason the terms "outburst" or
“blowout” have been used in this report.

Coward and Jones (1952) have discussed the potential for explosion of mixtures
of methane, air and nitrogen. Figure 11 shows this relationship graphically.
It shows that a minimum of 5% methane and 12% oxygen is required for a mixture
to be explosive. Table 3 shows that the Salado gas typically contains about 2%
methane and 7 to 11% oxygen. Such a mixture is not chemically explosive. The
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Table 3. Major Constituents of Salado Gases

Stratigraphic Horizon No. of Samples Nitrogen (%)
High Low Ave

Marker Bed 138 4 9.5 85.8 90.8
Anhydrites "a" and "b"
Salt below Anhydrite "a" 4 88.0 76.3 84.7
(10 to 15 ft above WIPP Repo.)
Anhydrite "b" 6 95.7 78.0 87.7
(10 ft above WIPP Repo.)
Marker Bed 139 1 90.5
(10 ft-below the WIPP Repo.)
McNutt Potash Zone 14 97.3 91.2 96.0

(From 6 Mines)

Oxygen (%
High Low Ave
13.0 3.1 6.9
21.4 2.3 11.0
22.0 0.2 8.8

1.4
6,0 0.4 1.47

NOTE: McNutt Potash Zone data from Rutledge et al (1964)
A1l other data from WIPP-DOE-177 (1983)

Methane (%

High Low Ave

2.0 0.51

1.07

3.5 0.73
4.0 0,02
7.8

4.7 0.06
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gas sample obtained from Marker Bed 139 at WIPP contains the highest percentage
of methane (7.8%) but too little oxygen (1.4%) to make it explosive in a
chemical sense. One sample from the Eddy Mine of National Potash Company was

analyzed to contain 12% oxygen and 16% methane (App. C), but its accuracy is
questionable.
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THE ORIGIN OF GAS

A11 salt deposits contain some fluids (brine and gas) and the Salado formation
is no exception. Within halite crystals, gas can often be seen as a bubble
within a fluid inclusion. To estimate the percentage of fluids in the halite
crystals of the Salado Formation, 35 selected core samples from ERDA-9 borehole
were heated to 500°C and weighed before and after the expulsion of gas and
brine. The results showed that more than half the specimens showed only 0.5%
weight-loss. The maximum wight-loss recorded by one sample was 3.5% (Powers,
et al, 1978). Since most of the fluid in the inclusions consists of brine,
total amount of gas trapped within the salt crystals is negligible.

Almost every reported encounter of gas in the potash mines as well as near the
WIPP repository is associated with either clay seams or clay-enriched zone of
salt. The composition of the gas shows that it was most likely derived from
the original atmospheric air at the time of deposition of Salado. The gas is
depleted in oxygen most likely due to the high chemical activity of oxygen
which allows it to react with a variety of elements to form oxides. Methane
must have originated from decomposition of marine organic life during times
when clays were deposited in the Salado sea. The presence of gas near the clay
layers is probably due to the contrast in the mechanical properties of clay and
salt. Gas originally trapped must have migrated along crystal boundaries until
it reached the impermeable clay layer.

An important observation made in the Kerr-McGee mine is that the violent gas
outbursts have left a near vertical fracture which can be seen in the roof and
to 1-2 foot below the roof alonag the walls of the drift. Does a fracture
represent a cavity in which the gas was trapped until released or was it
created due to the sudden release of gas generally disseminated in "vugs and
hairline cracks" as observed by Rutledge et al (1964) through a stratascope?

If gas is contained in a discrete fracture until the pressure is released, it
must be in equilibrium with the lithostatic pressure at that level. This could
have happened by the trapped gas coalescing in a fracture; keeping it open as
the gas became pressurized due to salt creep, until the gas pressure in the
fracture reached the magnitude of 1ithostatic stress. This would mean that gas
pockets in deeper strata would be more pressurized. Alternately, gas could
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remain trapped in permeable zone at the contact of salt and clay, without being
pressurized to lithostatic levels. Release of pressure in such a case would be
less violent and would not necessarily be higher at greater depth.

There appears to be a preferred direction of orientation of fractures
associated with gas blowouts. The fractures are mostly oriented in a WNW-ESE
direction. It is possible that the fractures were created by some geological
activity in the past and gas from the surrounding region migrated into them and
later became pressurized due to salt creep. The stress field which would
induce WNW tensile fractures should have been perpendicular to that direction,
i.e. NNE. There is a lamprophyre dike with an approximately NE trend which is
exposed in the northwestern part of the Kerr-McGee mine. It is likely that
these fractures were created when the dike intruded into the Salado salt about
37 million years ago. The fractures associated with gas blowouts are, however,
not continuous for more than a few tens of feet--they are not intercepted in

parallel drifts. This indicates that the fractures were either formed "en
echelon" or that they result from the localized explosive activity associated
with sudden release of pressure every time a blowout occurs. A clear answer to
this question will require extensive experimental work in the areas where gas

blowouts have been observed.
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CONCLUSIONS AND RECOMMENDAT IONS

Conclusions

Based upon the facts and discussions presented in this report, the following

conclusions can be drawn concerning the occurrence of gas in the Salado

Formation.

1.

Gas can be found at almost any level within the Salado Formation, generally
near clay seams associated with the marker beds.

The gas consists primarily of nitrogen with some oxygen and methane and
lesser amounts of carbon-dioxide and ethane. The composition of the gas
does not make it "chemically explosive."

Smaller amounts of gas in isolated pockets at low pressures is very common.
Such pockets may consist of porous zones at the boundary of salt and clay
where gas may be trapped in "vugs connected by hairline cracks." The
pressure in such zones may be less than lithostatic. Encounter of such
zones of small amounts of gas at low pressures (knows as "poofs") is almost
a daily occurrence in the Carlsbad area potash mines.

Occassionally gas has been encountered under high pressure. Sudden
expansion of gas due to release of high pressure creates an explosion or
"outburst" which has occasionally resulted in death and/or injury to

miners. At least seven such outbursts have been documented. Outbursts not
involving a fatality or serious injury usually go unreported. No such
incidents were reported to the state and federal authorities between April,
1976 and December 1983, After the fatal accident involving gas release on
Dec. 13, 1983 at Kerr-McGee mine, two more incidents of gas outbursts at the
same mine came to light within a month. Out of these, the one on Dec. 19,
1983 was not reported to the State Mines Inspector. It is thus a safe

assumption that violent outbursts of gas are more common jin the potash mines

than generally assumed.
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5.

Each violent outburst exposes an open vertical fracture. Due to the similar
alignment of these fractures in a WNW direction, it is thought that the gas
is trapped in fractures which may have been opened due to a geological
factor such as the emplacement of a dike., If this is true, the gas pressure
within these vertical fractures would have to be in equilibrium with the
horizontal component of the Tlitholostatic stress, or approximately at 1500
psi pressure. Sudden release of such a high pressure would dislodge and
move large chunks of rock and machinery if caught in the outburst.

Small amounts of gas, often emanating in a cyclic period, have been
encountered in zones a few feet above the ceiling and below the floor of
WIPP excavations. Chemical composition of this gas is similar to the gas
found in potash mines, 600 feet stratigraphically above the WIPP repository.

No encounter of gas, not even small "poofs" have been officially reported
from more than 10,000 feet of excavations for WIPP, However, there are

hearsay accounts of such encounters.

There is a low probability of finding pockets of highly pressurized gas at
WIPP since none have been encountered after 2 miles of drifts have been
excavated. However, the possibility cannot and should not be ignored. 1If
the hypothesis of gas filled fractures being at a pressure equivalent to the
horizontal component of lithostatic stress is correct, such fractures if
encountered at WIPP, would result in a Targer pressure drop than the ones at

potash mines level.

Recommendations

The fo]lowing recommendations are made for future operations at the WIPP site.

1.

2.

Collect and publish the information on even minor encounters of gas "poofs"
during the WIPP excavations - their location, description, associated
fractures and any unusual geologic features in the vicinity. A form being

used by Kerr-McGee mine for this purpose is attached as App. E.
Map any fractures and areas of excessive moisture seeps in the excavations.
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Continue the practice of drilling advance exploratory holes before cutting a
face with the continuous mining machines. These holes should be drilled
slanted upwards to intersect the clay layer near the ceiling.

Install protective metal grating on the continuous mining machines similar

or better than the ones installed at the Kerr-McGee mine.
Check the mining machines for any loose parts which may get removed and fly
about in the event of an explosion. Remove or re-install such parts to

prevent this possibility.

Establish procedures to not allow any unnecessary personnel near an
operating mining machine.
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SIMMARY

In response to a request for assistance from the Dallas, Texas, MSHA,
M&NMS&H, Subdistrict Office, two members of the Safety and Health
Technology Center (S&HIC), Ground Support Division traveled to the Kerr
McGee Potash Mine near Carlsbad, New Mexico, to investigate a large gas
outburst that occurred in this potash mine on December 13, 1983. The
outburst resulted in fatal injuries to a continuous miner operator, and
less severe injuries to a shuttle car operator.

As a result of this investigation it is recommended that steps be taken to
locate and to relieve the high pressure gassy regions in advance of mining
and that mining procedures and mining equipment be modified to protect
mining personnel from high pressure gas outbursts and associated fly rock
and debris. '

GENERAL INFORMATION

The Kerr McGee Chemical Corporation, Hobbs Potash Facility, was located

30 miles east of Carlsbad, New Mexico, south off of Highway 62-180. The
product being mined was potash from the 1600 level of the underground room-
and-pillar mine. Electric continuous mining machines with shuttle cars
were used to mine the 6-foot high by 27-foot wide roams in the herring
bone-pattern development entries. These entries were used for ventilation,
service and haulage during development advance mining and would continue to
be used for these functions during subsequent retreat production mining
fram adjacent production panels.

Very little ground support had been required in the working sections of
this mine. However, when bad ground conditions are encountered, such as
the open brow left after this gas outburst, rock bolts are used to stabi-
lize the potentially loose ground.

On December 13, 1983, at 4:27 a.m. a large gas outburst occurred on the
1600 level of the Kerr McGee Mine which resulted in the death of one miner
and the injury of another.

X
The following individuals participated in the investigation of the area
where the fatal gas outburst occurred.

Rerr McGee Corporation

Walter Case, Facility Manager

Melvin Pyiatt, Underground Superintendent
Raymond Nations, Safety Director

Barry A. Stewart, Corporate Safety

Curtis Davidson, Underground Safety Supervisor
C. E. Spears, Employee Relation Manager
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New Mexico Bureau of Mines Inspection

L. A. Quinones
Felix T. Carrasio

Mine Safety and Health Administration

Doyle D. Fink, Dallas Subdistrict Manager

William R. Wilcox, Mining Engineer, Dallas Subdistrict

Sidney R. Kirk, Supervisory Mine Inspector, Carlsbad Field Office
David P. Lilly, Special Investigator

Charles E. Price, Mine Inspector

Jerry Davidson, Geologist, S&HTC

John E. Cavanaugh, Mining Engineer, S&HTC

OBSERVATIONS

The investigation party assembled at the facility safety office on the
morning of December 14, 1983. After necessary administration and pre-
paration, the group decended into the mine on the man cage and was driven
to the accident scene on man-cars by campany officials. Figure 1 is a
schematic of Area 169. The accident location is shown on Figure 1 in Room 1
about halfway between x-cut 1 and x-cut 3. The blowout occurred on the
outby side of a block of ore which extended in Room 1 approximately 42 feet
to the mined-out dead end heading of x-cut 3. Reportedly no indication of
high pressure gas had been encountered while mining in that crosscut.

The gas outburst occurred in the upper right side of the indented working
face. Figures 2, thru 5 contain photos showing the cavity resulting from
the outburst and the vertically-extending gas fissure within this cavity.
Also shown is the continuocus miner that had been operated by the victim and

same of the large slabs of potash and rock salt that had been ejected from
thj‘.s outburst area.

The operator of the continuous miner was apparently killed as a result of
being struck by a light fixture which had been torn locse from the continu-
ous miner and hurled back into the victim's face. The shuttle car operator
standing near his machine behind the continuous miner was injured by flying
potash and rock salt, but was reported in stable condition at the time of
the investigation.

CONCLUSIONS

1. It is probable that the continuous miner had mined to within a few
inches of a large volume of ‘high pressure gas occurring within a vertical,
oper. fissure which cut across the horizontal strata in the roof. From the
position of the continuous miner it appeared as though the operator had
backed the machine out of, and diagonally to the left of, that working
face, as if he were going to clean a pile of broken muck from the adjacent
protruding face to the right of the machine. The testimony of the injured
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shuttle car operator indicates that no gas was escaping at the time the
continuous miner was backing out of the working face. It is therefore
concluded that the potash rock in the working face had been mined to a
thickness that would not contain the gas pressure. The remaining rock in
this face was thus strained by this gas pressure beyond its ultimate
strength and violently burst into the entry allowing a large outburst of
high pressure gas to propel slabs and rock salt particles into the mine
workings.

This sudden, explosive like yielding of the upper right side of the working
face ejected large boulders (+500 lbs.) up to 63 feet fram the face, and
resulted in significant damage to the continuous miner. While the exact
trajectories of these boulders remain undeterminable, the damage and rock
debris on the continous miner indicated that a large piece of rock rico—
cheted off of the far left side of the drift before slamming into the left
side of the machine.

2. Although no MSHA air samples (meeting the requirements of CFR 57.21-1)
taken during this visit within Room 1 indicated flamable gas, several air
samples taken in the open fissure within the blowout cavity contained fram
three to six percent methane. None of these samples were , however, in the
flamable or explosive range due to the accompanying high nitrogen (greater
than 89%) and low oxygen (less than 8%) concentrations.

3. The gas outburst had ejected about a ton of potash rock fram the
working face and roof into Roam 1 and had created an open, jagged, arched
brow. The campany safety director stated that this brow would be rein-.
forced by installing rock bolts and mats to minimize unstable ground
conditions in that area.

4. According to campany officials, a gas relief hole was drilled 20 to
28 feet up into the mine roof at each preceeding intersection. Inter-
segtions are driven on 160-foot centers.

RECOMMENDATIONS

1. Prior to advancing a face, a fan of long holes (150 - 200 feet) should
be drilled. It is recommended that two horizontal holes be drilled in the
upper ore zone. Two additional holes, inclined slightly upward, should be
drilled through the upper ore zone to intersect the overlying shale beds.
This fan of drill holes should intersect and bleed-off gas pockets in
advance of mining in that area.

2. Vertical up holes (gas pressure relief holes) approximately 20 feet
deep should be drilled in each intersection and along the centerline of
each entry. Until such time as accurate overlying strata porosity, gas
permeability, and radius of pressure relief can be determined from pressure
build-up tests, a maximum spacing of 25 feet is recammended.
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3. With each new cut, the cutter head of the continuous miner should be
"sumped-in" at the back and advanced at least 1 foot farther into virgin
ground beyond the intended new face position. The miner machine should
then be backed out and the new face cut from the top down. This method of
face advance would open ground beyond the new face, and would protectively
place the cutter head between a possible gas pocket and the machine oper-
ator during the initial phase of the cut.

4. An expanded metal grating should be installed in front of the machine
opoerator's station on the continuous miner to provide same degree of
protection against flying debris.

5. Systematically record, analyze, and map the gas emission data fram the
gas pressure relief boreholes to include quantity, quality, and duration of
flow. From the accumulated data, a characterization of ground condition or
strata may be determined which could delineate high pressure gas zones.

6. Pursue pressure buildup testing of boreholes drilled into gas bearing
strata to more accurately determine gas pressure, area of 1nf1uence, and
lithologic characteristics of the gas bearing strata.

7. Pursue cross-borehole accoustic emission technology recently developed
by U.S. Bureau of Mines research studies to determine if the technology can
assist in locating open fissures and high pressure gas zones in potash beds
in advance of mining. The experience and expertise of the oil and gas
production personnel within the Kerr McGee organization should also be
utilized in seeking a technical solution to the gas outburst problem.

8. Provide air quality testing instrumentation to personnel performing
drilling and mining operations to insure safe atmospheric conditions exist
during these procedures. An oxygen monitor and an explosive atmosphere
monitor are recammended.

9.\'Continue geologic and engineering studies of the mining district to
seek additional solutions to the high pressure gas outburst problem.

.s://mw(

ohn E. Cavanaugh
Mining Engineer

oG eirilhn

erfy Davidson
Geologlst

APPROVED:

Actlng Chlef
Ground Support Division
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INTRODUCTION

In response to a request from the District Manager, Metal and Nonmetal,
Dallas, Texas, a ground control survey of the Nash Draw Potash Mine was
conducted on April 7, 1976. The following personnel conducted the Survey:

M. L. Ellickson, Supervisory Mining Engineer, Denver Technical Support
Center: T. J. Castor, Supervisory Mining Inspector, Albuquerque Field Office;
Norman Gonder, Safety Supervisor for the Nash Draw Mine. The survey was
conducted as the result of a recent roof fall and subsequent fatality at the
mine.

BACKGROUND

The Nash Draw Potash Mine is located several miles east of Carlsbad in a
level and very arid region of Southeast New Mexico. The facilities include
the underground mine, shafts, offices and various mine buildings. Mining
has been in progress for several years with a large area of the underground
mine mined out.

Access to the underground workings is by two vertical shafts. The shafts
are 900 feet deep and extend to the Sylvite level. The Langbeinite level

is 170 feet below the Sylvite level and access to this level is by

inclined entries from the Sylvite level. Both levels are mined using belt
haulage to transport the ore in the underground workings. The mine uses

one shaft for intake air and the other shaft for exhaust air. Total airflow
throughout the mine is approximately 140,000 CFM and is circulated to

three active working sections. Several small underground booster fans are
used to help the movement of air in the underground portion of the mine.

FATALITY

A massive roof fall occurred on the Sylvite level which had completely
covered an undercutter machine near a dead-ended active working face. The
fall was approximately 48 feet long, 32 feet wide and 5 feet deep. It was
estimated that 180 tons of roof material fell in this intersection of a
butt entry and the working face. The operator of the undercutter machine
was unhurt except for a minor injury when he was crawling out from beneath
the canopy. Sometime after the roof fall the shift foreman attempted to
examine the buried undercutter machine. The cause of his death was
attributed to suffocation. A booster fan was later located in the corner of
the working entry and using ""Chemox" rescue units, the victim was removed
from the scene of the accident.

This mine and the nearby mines have a history of nitrogen and other gases
entrapped in their immediate roofs and this gas pressure was probably the
major contributing factor in the roof fall. It was also assumed that air
bleeding from the roof forced the fresh air out of the entry. The investigation

of the roof fall area gave no indication the roof in this area was any different
than other areas of the mine. This indicates the roof fall was caused by the trapped

gases above the roof and the gases had exerted enough pressure to cause this roof
fall.
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The roof at the Nash Draw Mine appears competent with very little supplementary
support necessary. Roof falls are rare at this mine and the roof is competent
enough that problems have been encountered when trying to cave pillaring areas.

RECOMMENDATIONS

It is recommended that 8-foot bleed holes at every round in the center-line

of the entries and a 30-foot bleed hole in each intersection be maintained.
These bleed holes are in the present mining plans and were discussed at length
with company officials as a means to relieve the gas pressures in the immediate
roof. The drill hole spacing should be helpful in relieving gas pressures
unless the gas pockets are confined in extremely small areas above the roof.

No known data exists on the size or extent of these gas pockets. If one or more
roof falls are encountered in the future from these trapped gases then other
methods of detecting and bleeding gases would be necessary. Seismic, infrared,
and/or advance drilling could be considered as a means to detect and bleed off
the trapped gases.

It is recommended that the 2-foot roof bolts currently used in this mine be
rhased out of the mining plan. The 2-foot bolts are too short to build an
effective "beam' across an entry which is over 20 feet wide. The present use
of the 2-foot bolts in holding localized looseslabs could be done with longer
bolts and the longer bolts would be much more effective in creating a competent
roof.

It is recommended that the underground booster fans be located so that the
dead-ended active entries will receive circulating airflow whenever miners are
working or are present in a dead-ended entry. Discussion with company officials
indicated they are revising their booster fan movement cycle to assist in
keeping the air circulating to the active working faces.

M. L. Ellickson

Approved:

(§Z<¢22;494:2£;;QZ252Z;¢» date: f;4%f/§”,
Edward E. Hollop, Chief
Ground Support Branch
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ISR S
STATE OF NEW MEXICO ff%xm,
INSPECTOR OF MINES DEPARTMENT L
505 HaquEtte. N.W. s Room !‘03 51«' -2
Albuguerque, New Mexico E7101 S

REPORT OF GROUND FALL
EDDY MINE, MAVIONAL PGTASH COMPANY
1.D. No. 2900172
ON NOVEMBER 27, 1974

INTRODUCT I ON

On the Wednesday afternoon shift at approximately 8:40 p.m., November 27, 1974, a
STrong sUddgr ATFSTESY™NTT the North piilar ssction throwing the miners down or about
their equipmant followed almost instantaneously by falls of laroce salt slabs from the
packs ar roofs of entries and places of varions slzes from the ribs or sides, This
caused numercus Iinjurles to eleven employees, most of which ware abrasions and cuts.
Results were cne serlous Injury and seven other lost~time Injuries, two of which were
only one day lost,

GENERAL {NFORMATION

The wine 15 owned and operated by National Potash Company and is located approximately
1t miles sast of Carlsbad, New Mexico via Hwys, 62~180,

Company «fficlals: Charles Cable, Resident Manager
Paul Brewer, Mine Superintendent
Harry Blbby, Maintenance Superintendent
Carl Giaudrone, Assistant Mine Superintendent

Employment: 126 total
121 underground

Work schedule: & hour shifts
3 shlfts per day
7 days per week

EXTENT OF INVESTIGATION ON NOVEMBER 27, 1974

The company notlfled Joe D, Longacre, Sr,, State Inspector of Mines, soon after the
acclident occurred, but Mr. Longacre was unable to contact the wrlter, Mr. lLongacre
called Mr, John E, Brosky, Deputy Inspector of Mines, Electrical and Mrs, Brosky
infcrmed Mr, Longacre that Mr. Brosky had heard about the sccidant and was on his
way to the mine. Hr. Longacre was In constant contact {by telephone) with company
officlials during the rescue work,

The writer was gone from his home for a few hours the evening of the accident and
became aware of §t on a state-wlide newscast at 10 p,m, after phonlng Mr, Brosky's
nome and being tnformed he had gone to the mine asbout 9:15 p.m. The writer proceeded
tv the mine. The last ambulances were enroute to towp avt that time,
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Report of Ground Fall = {.D. 2900172 November 27, 1974
Eday Mine, Natlonal Potash Company Page 2

Upon arrival at the mine office and after contacting Joe D, Longacre, the inspection
party proceeded underground with the following persons:

T. G. Ferguson, Englneering Consultant

Paul Brewer, Mine Superintendent

Harry Bibby, Malintenance Superintendent

Car] Glaudrone, Assistant Mine Superintendent

Tommy Willlams, Surface General Superintendent

John E. Brosky, Deputy inspector of Mines, Electrical
Robert A, White, Deputy Inspector of Mines

The writer and the Inspection party proceeded to tne Horth Section where the pillar
extraction had been underway, All of that crew had been sent out to the hospltal at
this time and the South Section crew and several supervisors nad just finished with

a number of roof props (stulls), some of which were installed to recover the loader
oparator trainee who was under the tall boom of the loader with several large salt
slabs over it, After all injured persons had been removed and sent to the hospital,
the Scuth crew had started to recover the shuttle car which had large slabs on it,
The area was checked, the air was tested for oxygen and explosive gases and the falls
were charted, as much as could safely be done. Then the miners went off shift and
the inspectlon party, after checking the entire section and ventllatlon and main
blowers, decided that the 12 midnight shift could go to work In the South section and
the North Section would be made safe for recovery of equipment to oull back and start
a new section on advance. Ko further mining would be done in the pillar section,
Each mine sectlon has Its own separate ventllation,

On December 2, 197k, an investigation of the scene of the accident was made, The
inspection party was as follows:

Paul Brewer, Mine Superintendent

Carl Glaudrone, Assistant Mine Superintendent

Tom Castor, Minlng Enforcement & Safety Adminlstration Mine Inspector
Donald Morris, Mining Enforcement & Safety Administration Mine Inspector
Robert A, White, Deputy Inspector of Mines

The writer and the inspection party proceeded to the North Section where the crew had
repalred the equipment and started advance mining in a new section back from the pillar
extraction areas, The roof falls had not changed particularily and were all dangered
off., Several bottle samples of air were taken by Mr. Morris for analysis. Two

members (Messrs, R, Mitchell and W. Lester) of the crew that were In the accident

were Interviewed,

DESCRIPTION OF THE ACCIDENT
The crew In North Section on evening shlft November 27 were as follows:

Robert Mahaffey, sectlion boss, one day lost time

Sammy Collins, Instructor for loader, serious Injuries, In hospital (still off)
James Howard, drlller, lost time, stlll off 12-2-74

L. Barnett, shotfirer, lost time, still off 12-2-74

R. Rascon, shuttlecar operator, lost time, still off 12-2=-74
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Report of Ground Fall - 1,0, 2900172 November 27, 1974
Eddy Mine, National Potash Company Page 3 (Corrected)

North Sectlon crew (cont'd.):

Tony Lujan, loader operator, lost time, still off 12-2-74
Thomas Gere, dozer operator, lost time, still off 12-2-74
Ronald Geckler, shuttlecar operator, lost time, one day
R, Hinojosa, repalrman, no laost time

W, Lester, drliller, no lost time

R, Mitchell, cutter operator, no lost time

Accerding to Interviews, statements and cbservations, as far as can be determined,
there was apparently a large fall In the older mined~out sections which caused an
alrbiast and blew the men about and caused a sudden shift of welght over the working
section, This caused considerable roof falls and crushing of ribs, pulling roof bolts
out or snapping them off. Fortunately, the equipment caught the major portions of
salt slabs and kept most of the men from being Injured more seriously.

Statistics pertaining to the one serious injury at the Eddy Mine:
Sam Collins, birthdate 9-28-52

Social Security 302-50-7268

Married, one son

Mining experience: coal mining West Virginia underground, February 1971
to 1974; underground potash mining March 1974 to present

RECOMMENDAT I ONS

At the time of the next pillar extraction in this mine, the roof conditions will be
closely examined to determine what type of control wil] be used. Some of which may
be use of headboards on roof bolts, checking roof bolts that were Installed during
the advance mining, retorquing if necessary and the use of timbers, T stulls, etc.,
by the miners working in the pillar mining,

ACKNOWLEDGMENT

The cooperation and consideration of officials and employees and union representatives
are acknowledged,

investigated and Reported by: Approved: ALPLA/AX? r7/7~y 2 —
Robert A. White JOE' D, LO‘iGACRf SR.
Deputy Inspector of Mines State Inspector;of Mines
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StaTE OoF NEw MEX1IGO SAFETY FIRST
INSPECTOR OF MINES DEPARTMENT
505 MARQUETTE, N.W., ROOM 1103
ALBUQUERQUE, NEW MEXICO 8710
s-9-7%
JOE D. LONGAGRE. SR. i OFFICE TELEPHONE 842-3055
STATE INSPECTOR OF MINES 25 RESIDENCE PHONE 344-1129
SAFETY
REPORT OF INSPECTION
l.D. No, 2900172 Typed April 18, 1374
Eddy Mine (National Potash Company) Hine April 1, 1974
(Name) % (Date of Inspection)
Potash Eddy
{Clamification of Mine) (County in which located) (Company representative present at inspection )

Pursuant to the Mining Laws of the State of New Mexico, Section 63-4-8, an inspection, as designated above,
has been made. During this inspection the following was noted:

GENERAL INFORMATION

The mine Is owned and operated by Natfonal Potash Company and located approximately
elghteen (18) miles east of Carlsbad, New Mexlco, via U. S. Routes Nos. 62=1c0.

Employment: 16 salarled Company offliclals:
98 hourly T. G. Ferguson, president
Paul Brewer, mine superintendent
Work schedule: Carl Giadrone, assistant mine superintendent

Hours per shift 8
Shifts per day 3
Days per week 7

This report Is the last of a series of Inspections made In the North Sectlion of

Natlonal Potash..Comosny!s.£8dy Mine where a floor break released trapped gases on
£ or about December 16, 1973 of which methafF g Es WSS -UETTg EMITTET TTOM at least
~®8 Tloor bleeder at 15,942, (See analyses report dated 12-20-74,)

Periodic Inspections and readings have been made and recorded by the Deputy Inspector
of Mines of New Mexico and Metal and Nonmetal Mine Inspector of M.E.S.A., Mr. Donald
K. Morris. Management made and recorded the readings at least once every eight
hours. Flield equipment and vacuum bottles were used. (See analyses reports for
bottie samples.)

“On February 24, 197%, an area of bottom fell and shortly after the fall, methane

gas as well as others started diminishing. QR ™PREPH TS oTymR e :
P FERB T e thane to be from ,01 = .04% and on March ll 1974, the bottle ana=-
lyses report showed methane to be 0.00 at four different locatlons.

On April 1, 1974, a complete tour of the area was made by Messrs. Donald Morrlis,
Metal and Nonmetal Mine Inspector, Paul Brewer, Mine Superintendent, and Sidney R,
Kirk, Deputy Inspector of Mines, By field instruments, no methane nor CO could be

TOE D. LONGACRE. SR.
50 State Inspector of Mines

ONF oORvY OF THIR REPORT SHAL! BT 0OATED IN 2 CONSPICUOUE PLACE AT THE MINE



1.D. tio, 2900172 - Eddy Hine JApril 1, 1974
Mational Pctasih Company Page 2

found, Three vacuum bottles were taken and sent to the Unlted States Cureau of
Mines Laboratory at Mount Hope, West Virginia.

COHCLUSION

Since methane and carbon monoxlde gases have diminished (since falling of the
flooring of the mine where gas was being emitted), it was the opinion of the In-
vestligating partles that since there no longer appeared to be any danger, the area
of the mine should be released tc cermit the regular mining cycle,

RECOMMENDAT I OHS
A routine check for methane shall be made at least once every twenty-four hours,
|f there are any detectlon of gases or slgnlficant changes In the normal mining
pattern, management will notify the State Inspector of Mines or his representative,

ACKNOWLEDGMENT

The courtesy and coopzration extended are hereby gratefully acknowledged,

Inspectecd and Reported by: - e
Sidney R. Rirk AR q/j T
Deputy Inspecter of Mines Approved: ... L TRl e

| JOE D. LONGACRE. SR.
51 State Inspector of Mines
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SAFETY

REPORT OF INSPECTION

Eddy Mne (National Potash Company) Mine _February 25, 1974
(Name) % (Date of Inspection)
Potash Eddy
(Classification of Mine) (County in which located) (Company representative present at inspection)

Pursuant to the Mining Laws of the State of New Mexico, Section 63-4-8, an inspection, as designated above,
has been made. During this inspection the following was noted:

GENERAL INFORMATION

Employment: 16 Salaried Company Officials:
98 Hourly I. G. Ferguson, President
Paul Brewer, Mine Superintendent
Work Schedules Carl Giaudrone, Assistant Mine Superintendent

Hours per shift 8
Shifts per dagy 3
Deys per week 7

This revort covers a return inspection of the Eddy Mine where the bottom heawyed
and burst, and was permitting trapped gases to enter the mine atmosphere. (See

report of December 20, 1973.

ihe investigating pariy was as iuiiows:

Nationgl Potash Compan

Paul Brewer, Mine Superintendent

M-E .S.AO

Donald K. Morris, Metal and Nonmetal Inspector

Stagte of New Mexico
Sidney R. Kirk, Deputy Inspector of Mines

The mine 18 located approximately eighteen (18) miles east of Carlsbad, New Mexico,
Via Ua S. Routes NOBQ 62-1800

The mine is opened by two vertlcal shafts of approximately eight hundred (800)
feet deep and sixteen feet in diameter.

The production shaft is also used for intake ventilation.
JO0u D. LOKGACHAE, SX.
State Inspector of Mines
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ID. No. 2900172 - Eddy Mine February 25, 197k
National Potash Company Page 2

The man and materials shaft is used alsc for exhaust ventilation with mein exhsust
fang being located underground near the shaft bottom.

Conventional mining, room and pillar extraction, cut, drill, blast, loading, shuttle
car haulage to conveyor belt; the ore is transported from that point to the shaft
bottom by conveyor belt, then hoisted to the surface where it is loaded into
reilroad cars and transported to the refinery.

The north section where the floor breaks appeared, was 1n recovery cycle.

A map at the State Inspector of Mines office shows all bleeders and percentage of
gases being released. (See investigation report of December 20, 1973, for complete
readings of each working pillar and ventilation sireams.)

Findings during investigation of February 25, 1974, an area of bottom approximately
230 feet by 230 feet had fallen down intc what would appear to be an underground
cavern,

T REEHETETIIY IOCEVIoN of the blceders of gases it would appear THLS -
FfEYETN 18 verv possibly where the gases were entrapped.)

The bottom had fallen what appeared to be a distance of some thirty to forty feet
down. Some pillars were hanging from the roof yet and some had submerged with the
floor.

A roof fall of approximately six to eight feet thick had also fell at one intersectiocn
in or very near the center of the area of floor fall.

The fallowing indicates boitle samples taken, ventilation readings, and methans
percentages as shown on the methane detector used by Mr. Donsld K. Morris, Metal
and Nonmetal Inspector, ME.SA.

Total Exhsust:

Iocation: near fan at shaft bottom
Area: 108 x 1421 = 153,468 c.f.m.

No. 1 and No. L bottle sample taken here
Detector of CH = O

Exhaust of first left off second west, north sections
locagtion: No. 7 entry at 33+00 B.T.

Area 161 x Velocity 180 = 28,980 c.f.m. with booster fan off.
Detector of CHY = 0.1%

Intersection of Nos. 1 and 2 entry at 9430 B.T.
Detector of CH), =0.1%
No. 2 bottle sample taken at this location

Room Mo. 5 at 9+30 B.T.
Detector of CH)y = 0.2%
Bottle sample No. 3 taken here

Several other areass were checked for methane all along the perimeter of the bottom
cave area and only a trace to 0.1% of CH), was detected.
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I.D. No. 2900172 - Eddy Mine Februzry 25, 1974
National Potash Company , Page 3

Tests were also made for carbon monoxide with colorimetric testers but none showed
on stain.

itne bottle samples will be sent to the United States Bureau of Mines laboratory
at Mount Hope, West Virginia by Mr. Morris. A copy of snalysis report will be sub-
mitted to the State Inspecior of Mines Depsriment.

A weekly report and check will be msde by the same partie's until all gases have
been emitved from the area.

n behalf of management of the National Potash Companys
Since the day of the first bleeder being located, the managementv has had a scheduled
fire boss report and record of gases in the area. (Records csn be seen at mine

office.) Mmagement has also kept the writer informed of these and any other
events at the mine.

A copy of the area map, bottom fall, and gas samples by bottles 1s attached to
inspection report.

ACKNOWLEDGMLNT

The courtesy and cocperation extended are hereby gratefully acknowledged.

Inspected and Reported by: ) ) ey
Sidney R. Kirk ST e
Approved: .. ... AT RN SRS haclR

Deputy Inspector of Mnes ,
JOE D. LONGACRE. SR
State Inspector le Mines
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SPECIAL REQUEST
REPORT OF INSPECTION
1.D. No., 2900172 Typed December 28, 1973
Eddy Mine (National Potash Company) Mine December 20, 1973
(Name) (Date of Inspection)
Potash Eddy
(Clasification of Mine) (County in which located) (Company representative present at inspection)

Pursuant to the Mining Laws of the State of New Mexico, Section 63-4-8, an inspection, as designated above,
has been made. During this inspection the following was noted:

GENERAL INFORMATICN

The mine Is owned and operated by the Natlonal Potash Company and located approxi-
mately eighteen miles east of Carlsbad, New Mexico via U. S. Routes 62-180.

Employment: 16 salarled Company officlals:
98 hourly T. G. Ferguson, presldent
Charles Grosso, mine superintendent
Work schedule: Paul Brewer, asslistant mine superintendent
Hours per shift 8 Harry Bibby, maintenance superintendent
Shifts per day 3
Days per week 7 Prior Inspectlon: 9=18=73

This report covers an investigation of the North Section of the Eddy Mine where
the bottom heaved. broke and was permitting trapped gases to enter the mine
atmosphere. The writer was notified by management on December 18, 1973.

The Investligating party was as follows:

National Potash Company
T. G. Ferguson, President
Charles Grosso, mine Superintendent
Paul Brewer, Assistant Mine Superintendent

State of New Mexlco
Sidney R. Kirk, Deputy Inspector of Mines

The mine Is opened by two shafts approximately 800' deep and 16' In diameter, The
production shaft Is also used for Intake ventilation., The man and materials shaft
Is used as exhaust shaft with fans mounted underground near shaft,

The mine is operated by room and plilar method. Conventional mining, drilling,

JOE D. LGNGACRE, SR,
55 State Inspector of Mines
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1.D. No. 2900172 December 20, 1973
Eddy Mine (National Potash Co.) Page 2

belt; the ore is transported from that point to the shaft bottom by conveyor belt
and then holsted to the surface where it Is loaded into rallroad cars and trans-
ported to the refinery,

The North Sectlion where floor-breaks appeared was In the recovery cycle, A map
on file In the office of the State Inspector of Mines office shows bleeders and
percentages of gas being released,

Ventilatlion readings and methane gas test percentages:

Iintake ventllation (Morth Section)

Location: Between B.T. 8+15 and 9+30 B.T. In room ko, 1 north
Area 26'x7 = 182 x Vel, 272 = 43,504 c,f.m.

Time: 9:15 am

Methane (CHy) = 0

Working faces (B block = pillar block)
Room No. 1, B block

Time: 9:07 am

CHy = 1.1%

Room No, 2, © block
Time: 9:04 am
CHy = 0,453

Room No. 3, B block
Time: 9:02 am

Room No, 4, B block
Time: 8:59 am
CHh = 0,9 ~ 1.,0%

Room No, 5, B block
Time: 8:56 am
CHy = 0.9%

Room No, 6, B block
Time: 8:50 am
CHy = 0.5%

Room No. 7, B block
Time: 8:46 am
CHy = 0.5%

Room No. 8, B block
Time: 8:43 am
CHl' - 0.4%

Room No. 9, B block
Time: 6:40 am
CH’.' = 0.52

Room No. 10 at A block
Time: approx. 8:38 am
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tddy Mine (Natlonal Potash Co.) ' Page 3

North Section exhaust ventilation, Split A
Locatlon: No. 10 north room at No. 9+30 B.T.
Time: 3:35

Area 7'x26' = 182 x Vel, 167 = 30,394 c.f.m.
CHA = 0,5%

Split B

Location: No. 7 south room at No. 32+40 B.T,.
Area 22'x7' = 154 x Vel, 185 = 28,490 c.f.m.
Time: 9:35 am

CH[* = 1.0%

Total mine exhaust near fans at bottom of man-material shaft
Area 136 x Vel, 1,501 = 204,136 c.f.m.
CHYy = 0,2%

All methane readings were taken on a P-2 methane detector.
Bleeders of gases and locatlons:

l. In floor of room No. 2 inby corner, time 9:18 am
CHy at bleeder outlet 0.5%
CHy in roof near outlet area 0.5%

2. In floor of 9+30 B.T. between Nos. 3 and 4 room, time 9:20 am
CHy at bleeder outlet 0.5%
CHy In roof near outlet 0.1%

3. in floor at 11460 B.T. In room No. 5 north, time 9:27 am
CHy at outlet 2.2%

4, in floor of No. 11460 B.T. between rooms Nos. 6 and 7 north, time 9:48 am
CHy at outlet 1. 4%

With all tests made and readings recorded, the management was requested to stop
this section (flrst left off 2nd west, north section) and pull all equipment out
to an area where none of the escaped gases would pass through or over an active
part of mining., Mr. Joe D. Longacre, Sr.,, State Inspector of Mines, was notified
via telephone at approximately 8:30 a.m., on December 21, 1973 of events and will
Issue further instructions,

Three bottled samples were malled to the State Inspector of Mines on December 21,
1373 and forwarded to M.E.S.A. for laboratory analysis.

The courtesy and cooperation extended by management are hereby gratefully
acknow ledged.

- . )
L
b "‘: - € - ‘-_ﬁ " I
Inspected and Reported by: Approved: Ak 2£{<;”yﬁfz4a’4ﬁjL?§ _______ nga“
Sidney R. Kirk " "JUE D. LONGACRE/, SR.
Ceputy Inspector of Mines Statc Inspector of Mines
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TABLE 1 - ANALYSES OF AIR SAMPLES COLLECTED

December 20, 1973

/%fkwi

I X o

P -

t

MINE Bddy coMeANY  ViiZbsvoal 2274 (o . COLLECTED BY Sp.i /777 A4 -
PERCENT IN VOLUME CUBIC FEET | CUBIC FEET
BOTTLE LOCATION IN MINF CARBON | OXYGEN | METHANE | CARBON AIR PER | METHANE IN
NUMBE R DIOXIDE MONOXIDE | ETHANE MINUTE | 24 HOURS
NPC No. 1| floor bleeder A-Block, No. § 0.03 11.98 15.94 0.0006 0.80
at 11 + 60
NPC No. 2| No. 10 room at 9 + 30 sample destroyed in transit
NPC No. 3| No. 7 room at 18 + 30 .05 20.77 0.23 .001 .00

THE PERCENTAGE OF NITROGEN CAN BE DETERMINED BY SUBTRACTING THE SUM OF THE REPORTED VALUES FROM 100.00
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January 7, 1974
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Mr. Longacre: oy
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The attached results of samples did not have
company name nor collected by. The typed

data is all that was on the air sample cards.

PRt

Lab Office,
Mount Hope, West Virginia



APPENDIX D

60



Sommar/ _ jggﬁ;ﬂ

*

UNITED STATES
DEPARTMENT OF THE TTERIOR
BUREAU OF MINES
HEALTH AND SAFRTY-ACTIVITY

- a T VNt
. 1.8

SR ORIVE
AR

INVESTIGATION INTO THE OCCURRENCE OF CAS PRESSURE
ABOVE THE FIRST AND TENTH ORE ZONES IN TEE
POTASH DISTRICT, CAPLSBAD, NEW MEXICO

Decemter 3, 1963 through March 5, 196k

By

Peter A. Rutledge, Mining Health ond Sefety Engineer
E. A. Morgan, Subdistrict Supervisor

-t o

Julien Kennedy, Mining Health and Safety Engineer

Originating Cffice - Rure
SOL3 Federal 3uilding - Phce
E. A. M.rzan, Jurvdistrict

-

61




'INVESTICATION INTO THE OCCURRENCE OF CGAS PRESSURE
ABOVE THE FIRST AND TENTE ORE ZONES IN TEE
PCTASE DISTRICT, CARLSBAD, NEW MEXICC

December 3, 1963 through March 5, 1964
TNTRCDUCTION

This report su=marizes the investigation of the occurrences of gas pressure
ebove the ore zones at six mines in the potaesh districs, Cerlsbed, New Mexice.
Individual reports heve been submitted for euch mine investigated.

Four of the mines were mining sylvite {rom the first ore zone, one was mining
sylvite {rom the tenth ore zcne (located sbout 200 feet above the first ore
zone™), end cne was mining sylvite from the [irst ore zonme and langbenin.:e
from the fcurth ore zone. Tests at this last mine were confined to the first
cre zcne. Cover ranged Irom ubout 833 feet to 1668 feet. Four mines we-a
being worked by & room-and-pillar system, erd ({we mines by a retreating punel
systen. .

Test areas were selected for their physicsl charucteristics,'and the probability

of finding ges pressure. Areas investigated ranged from newly mined sections
to sections that hed been cpen up tu 26 years. Pillars hed not been extracted
in any of the test areas; however, at three mines the test areas werc adjacent
to sections where pillars hud been extracted. At one mine pillers showed
evidence of weight, end threes old roof {ulls were observed.

At 8ll the mines investigated, programs of drilling holes to reslieve gas

pressure were in operation. Methods varied frem drilling LO-foot verticle
holes in every intersection to drilling occasional inclined holes which re-
leased any pressure within a few feet of the back. At several mines, holes
for ruck bolts, in and betveen intersections, relieved any pressure within
6 feet of the back. )

’

EQUIPMENT

Holes were drilled in the back with roof belting machines, using sectionalized

auger steel end tungsien carbide-tipped fishteil bits. Three-inch dizmeter
heles for Lhe stiratoscope were drilled with special one-pass bits, cr small
hules were enlsrged with a lootlly designed reame-.

Strute wes observed with u stratescope on loan frem the Bureau orf Mines .
{ Contrcl Resesrch Croup. The straluscoupe consisted of a secticnalized
criscepe eguipped with 2 light in the heud of the instrument for illumination.

T~

‘L. C. L. J.unes, C. G. Bewles, and A. =. DisDbrow, Generulized Coluznar Secoion
and Rudicaciivity Log, Carlsbted, Poilush Disctrict, 1954,
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fouwr secticns of 5-foct tube cllowed observations to be made as far as 20
fzet int. tne nole; however, ns the optics 4n this instrument 4id not provide
orogreseive nugnifiication ol the image as eddizional secticns of tube were
wnded, & overy small image wos obtained et 15 to 20 feet. The siratescope wes
ecuipped With o camern. -
Ges zemples were obtalined with en sspirator bulb and turing end collected in
mCaum betiles. A pacxer and bressure gage assembly was used to easure gas
sressure. A dizl goege, capuble of detecting movement of 0.0CL inch, was ugsed
a 2 wvemant when gng vressure was released. Velooitny o ges
holes was meusured with & velopeter cspable of resding
dinute.
PHCCEDURE AND DATA ,
it the six mines lavestigated, a toial of 155 vertical holes were drilled
Srom 20 to 80 Zest into the woof; 115 of the 150 holes wers drilled in interw 5
cacticns. Ges-under pressure was found in &7 (53 pervent) of the intersecticns |
drilied. A total of Gl "dblows” wers cncounvered; 1Y were in intersectlcons %
containing gas at ¢ elavations above the bask; snd b were in intersections b
~cntaining g2s et I elevstions noove the teck. Foriy-eignt ncles wers in ¥
interszctions containing gus at 1 elevstlion. Ges pressure was raleased in z
only 1 of the L2 holes drillsd between intersections. Thiz "blow” was ¥
ciasseqd as 1light and the gas aypecred to have Teen releszed from 2 selzs :
isver.” In order to determine il one haole ~elieved ell the gas pressure in %
an iptersection, 12 additisonal holes were drilled in 10 interceciicns. Nene 5
ci these additionul holes relessed gus pressure. e

Thirty-thr-ee holes ware examined with the stratascope in order to determine

+h
th

g characteristics of the rool snd the location of gas-vezring

stratsa.

M

cne mine the roof strats was exapined without instruments in two reises driven

10 a height of about 1l fest ubove the uack. cuticns of mud and polyhalite
seens in the roof, as determined by cbservation of drill cuttings, agreed
closely with locaticns determined by the other metheds. In all mines exceut
ong, the 20 feet of strata above the back contained two or three mud seans
end a pelynelite semm. The polyhalite seem wes nct observed in mine "Fi'e.

Most mud seems were made up of interueded salt end mud, and the pelyhalizte

seem vas cemposed of interveded salt and polyhali

N
vl .

Thin mud tands were

generully present at the top end botitcm contacts «f the polyralite layer und

sali memders.
exgh uwres investiguted, und were probally ¢ .atinuous over

The mud and polyhulite seazms were

ar=es. T one mine, openings up U two inches i
{irst ond second mud seams. This area hud been
or

found tc be conitinuocus over

vnsiderebly lerger
n thickness vere found in the
opened epproximately 20 years

ior Lo this investigation, end gas pressure was no& found in these mud seams.

B
P

2.

A "blow” is classed as light when the releese of pressure froz 8
’, »

A medium“low’will clean the settled dust from the

J

heuvy“blov

e detected.
head of the drilling muchine. A
{rom the floor of an inte:sectiion.

See appendix 2 (list of mud seams)

A

63

hole can
rotarsy
the settled dust

vill clean



%
z
z
3

3
A
g

Eighty-seven of the 91 "blows" encountered came from the mud seams, or mud bands
at the contacts of the polyhalite band and salt. Seventeen holes,

“UETEETSPERLCEd 19 of the BT "Llows™, were exexmined with the stratascope. Tke
exemination of the holes revewled thut the gas emitted from the mud sewxms

cr mud bands vwhich gon:ained small vuggs, "ebeut 0.1 inch in dicmeter, connected
by hairlire cracks.= This pattern was found in every examined hole that
“tlew”. Three holes produced light "dlowe" {rom salt members, end siratoscope
exuminaticn of one of these thrce holes revealed that gas emitted from e small
vugg, 0.1 irch in diumeter, in e zone of what appeared to be coarse salt
:yma.ls.2 ¢(ne hole produced u light "blow” from small pin holes in a
polyhalite bard.

A scries of L holes were drilled in 1 intersesction to determine the lateral
extent of vugss end heirline crzcks. The first hole relieved gas pressure
gt the contact between pelynulite and salt. Examinaticn of this hole showed
thot the gas was relensed from O.l-inch diameter vuggs connected ty huirline
cracks. The second hole drilled 18 inches from the original hole did not
relense gas; however, vuggs and hiirline cracks were visitle at the sare
elevation as in the originul hole. The third hcle was drilled near the pllior
line, 16 feet 6 inches {row the originanl hole. (Cas was not released btut
vuggs and crucks were visiule. The fourth hole wus drilled 35 leet from the

riginzl hole, and 8 feet outzide of the intersectica; no g2:s pressure wes
detected, ond no vuggs and crucks were visitle in this nole.

In order to determine vhether gzs was present in areus other than intersections,
& series cf 5 holes on 20-foot centers were drilled into th roof vetween

2 intersections thut hud produced "blows”. HNone of the 5 holes recleased zes.
Since the possibility existed that holes drilled in intersections could hove
relieved zny gcs vressure in the arewn tetwcen intersections, a serles of

holcs were drilled in rcoms and breakthroughs tefore drilling the intersectigns.
None of the boles in the ruoms and breexthroughs rclieved gus pressure; however,

& hcles in 6 of the intersecticns prcduced “dblows™.

.
Gas pressure in one hole in the center of an intersection was sceled in, by
means of the packer and guge, and pressure Luill up to 50 zsi. A seccnd hole
drilled 20 feet frem the original hole, and 6 foet cutside of the intersection,
did not reduce the pressure in the originul hole. Ansther hele drilled in
the Intersecticn, 7 feet from the original hole, relicved the prasswre in
the original hole.
Froz the data ceollected during this inve s‘ig tizn, as cxplanation cen e
cflered as to why cnly ceriuin inteorscuiicns conteined gos. Mud seams rmust
hive & certein degree of permcuiility to permit gac to collect in idterseciicns:

See appendix
- Oece appendix

1=

3
£
2

; Pheclograph lic. D2
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wever, the permealility must Le very lew, cr cignificuntly reduced oy
csoure due 10 mining s ttempis to relieve ges pressure freom intersections
; drilling in r.oms and breekihroughs did not produce any noticeeble results.

no
-

(' 'U

—e pack could oe heurd "working” when gas pressure was released through

drill holes. Meacurcments with o dial gage indicuted that the back moved
upwoard when gus pressure vas releesed.l Rcof movement ranged between 0.001
and ©.030 inches when “vlows” were encuuntered from 2 feet to 17 feet ebove
the vack. The muximum mevement of 0.030 inches was observed when 3 tlows’,

ut elevations above the buck of 5 feet G inches, § feet, end 10 feet & inches,

were relieved with 4 single drill hole. The upward movement of the rcof

toox place repidly, end the tutal rise upparently depended on the volume of
gzs relieved and height above the back of the gas-bearing stirata.

Direct readings of gas pressure were difficult toc obtain due to the short
duration of the "blows” and the time required to remove dr-ill steel frum o
hcle:; however, three pressure recdings weres ootained in 3 separzte holes.2
Thesc mecsurepents were teken where gas was enitted {rom the mud cand at the
tcp of a polyhalite layer, end [rom the serond mud seam. ALl 3 "blovws” were
clessed as light; however, s pressure of 60 psi was recorded at one hole.
Pressure built up rupidly after the packer was installed, reuched & maximm
thin 20 minutes, then dropped off very slowly, probably due to lezkoge
"around the pzcker and/or leukage into the lower mud sezms. It is believed
thet the pressures measured were only o fraction of ‘tle criginal pressures
*n the intersectionc, duc to the vclume of gas lost while removing the drill
tcel end setting the pacrer.

Fourteen vacuum-cottle samples were taken by uspirating gus out cf plugred
hecles which were still "dblewing” at the time of sampling.2 Thirteen of the
un:lyses indicated that the gas was not explosive. GSemple W-1538 contzined
G.24 percent effective combustivle muteriel™ and would vecome explosive,
over & limited range, wvhen mixed with air.? The gas represented vy this
sample did not crzsote a hazard due to the short dwration of the "plow” and
“he repid dilution in the ventilating current.

Velometer rendings could not be used to czslculate nitz_l vressuces due to
the high velocities of the escaping gus, the presence o Lhe d i1l steel in
Lhe holes, and the time necessary to "ulow’ out the cutiings. “Blews’ classed

1Y
s eprroeching medium hud velocities in excess of 5,000 feet por minute.

L See gppe2ncix 3.
2. Sece gppendix b,
3. See eppendix 5.
L. Sffective combustille egualc perceat metha ne plus 1.25 time's percent
hydrogen pius 0.4 times rcent carton monoxide,
> M. C. Zabetukis, R. W. Stuhl, and H. A Watson, Determining the Exnlc:icility

- 0.

of Mine Atmospheres, Bureau of Mines Information Circular 7501, 19,,, L oo

65 ‘ -



-11. During this inves

SUMMARY

1 Gas under pressu¢e was found primarily {2 3 mud seems, ard in nud

-~

bands at the <cp and boticm contacts of Dolynali e layers. -

2. Gas pressure in mud seams or bunds was confined to intersections. (Cas
vetween intersections wus found in only 1 hule wbere it occurred in & small
pocket in the salt.

3. Mud and polyhalite seams were continuous over each area investigzated.

4. Where gas occurred in mud seams or bands in intersectiocns, it emite
from small vuggs O.1 inches in diameter connected by hairline cracks. The
vuggs end crecks were ooserved to be distributed through cut the area of
the intersecticns, and one hole was sufficiznt to relieve =ll pressures 1o
tne depth drilled.

5. ANLL "blcuf. encountered vere classed es light or medium, ard wers of
short duration. The veclume of ges released uppears to be consistant with
thzat volume which couwld be expected to be confined iz the vuggs end cracks
in the erce of an intersection. Large pockets of gas were nct found durisg
this investigztion.

§. Analyses of vacuun-bottle samples shcwed that gas acitting from roof
°tratu,'with cne exception, wes nonexplcsive. One saisple indicated that
gas emitting frowm the third mud seem at 1 mine would become explosive,
over e very limited ruzage, as the gas was diluted with eir; however, ihe
g15 raeprescnted by this sample did not create a hazerd duc to the shert
duration of the "™low” and the rupid dilution in the ventilating current.

7. Direct readings of gus pressure indicated thut initial pressure in mud
seams can be greater than 60 psi. . :

8. 1In the intersections thut were meusured, the back rose frca 0.00L %o
0.030 inches when gus pressure wus released. '

. "Blews"” clussed as approzching medium hed velocities in exzess of 9,000
eel per minute.

4 \O

C. GCas pressure ir the rool stratc has a definite effect on the recof, =s
videnced by memsurements of gas pressure und the rise of the back as press
s relieved.

o -

he ralief of S pressure throuyh smal

- 5“ Yol -
- - - - y =
Aiumeter 4r-il) noles did nct precent an exnloszcn hu:ara.

12. Determiuution cf initial formution pressures, end the pressures

necessary to cause foilure of the roo!l were beyond the scepe of this
iovestigaticn: hnewever, this inf rmution cculd be of uon51d~-uble veluz to
the parsties -h-olveu. :
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CONCLUSICHN

Tne inform:tion obtained during this investigation indice
on the izmediate rcofl stratu due to gus pressure may be - e
drilling 10 to 20-foot deep vertical holes in each intersection, a5 soca
s practiceble, after {irst mining while ventilation is still intact.

tes
eldi
ct

Mezns should be provided to sample the atmosphere in the vipinity of the
drill nholes for total combustible contznt in the event of =2n unusually
long or violernt "vlow". :
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ATPENDIX 2

Avernge location and Thickness of Mud Seums and Polyhanlite Seam Above the Back

MINE First Thickness Second  Thickness Polyhalite Thickness  Third Thickness
Mud Seom Mud Seum Seam , Mud Scom
A 3* 1" o' 6" 50 11" 1 o" 18' 6" 2' o (2)  e----
B - 22" o' 6" 5' L 1 6" -9 5" 1' 6" 15T 5 0"
¢ hrs g 7' 100 1' 6" 14 o 21 o (2)
D o' 9" o' 6" 2' 1" o' 6" 3.' 9" o' 6" 9*' 10" 1' 0"
E 2' " o' 6" 6 9" 1’ o" 7' 9" (3) 1o 16* 2" 2' 6"
F. 2'on o g L 8" L L ¢ § T 15 5 3' o

69

(1) No evidence of a polyhalite seam was fourd within 20 feet of the back at mine "F".
(2) No evidence of a third mud seam was found within 20 feet of the back at mines "A" and "C".

(3) The polyhnlite seam at mine "E" was located directly on top of the second mud seum.




Hole
108
13

1k
16
117

2
203
310

EALY
318

Los
LoT

APPERDIX 3

Dial Cage Reedings

..

Rise of Back

Strength of "Blow" In Inches
Light .00k
Light .0C2
Medium .0Q07
Light
Light 00T Total Movement
- Light .001
Light
Light .
Light .009 Total Movement
Light
Light
Medivm .030 - Total Moverent
Light .015
Light .003
Light
Light .006 Total Movement
Mediun .013
Medium .010
. Light .02
Mediux .Q20
Light 002
Medium .018
Light
Lignht 005 Tutal Muvement

70

Height Above
The Back of
Cas Bearing Strata

30
61
91

2'
Sv
8|
5.
3!
6|
9:
5'
90
10’
LY
T’

3l
.9

10’
10

9¢
10°

80

10°
7’

on
670 i
6" i

o" :
Ol.

9"
"

o"
3"

9"
O"
61'
6-0
6"

2"
2"

ll"

8n

llll
9"
O'O

6u
6-0




Appendix 3 (Cont.)

408

509
k10
Lik
k15
L16
k20

k21
k23
L2s5
k28
512

213
514
515

71

Medium '

Lignht .0l3 Total Movement
Light .0QS

Light .002

Light .003

Light .0Cc2

Light .003

Light .002

Light .001

Light .00L

Light .005

Light .COL

Light .002

Lignt :

Light .005 Total Movement
Light | ‘
Light .02 Total Movement
Ligat .003

Light .006

Medium .006

Hedium 007

‘Mediuz - .0C8

Light 002

6:
7’
7!

'5"

14

T

1T

AT

1T

15
14

ST

16"
16’

17
15

iT
17’

6n
OI'

o
-
-
6
&

o"




Bole

Li16

k25

1329

Strength of

Blow

Light

Light

Light

APPERDTY b
Presauré Reedings
Height Above

Back of Gas
Bearing Strata

76"

.9:6"

96"

72

Maximum Pressure Cozments
30 psi Reached 10
nin. after
pecker wes set
50 psi - Reached 20
nin. after

packer was set

60 psi " Reached 5 =in.

after packer
wvag set.




APPENDTX 5

- Gas Anulysis Results

CAMPLE .L‘.".-_ o X351 X352 X367 X368 . x3h9 X3so ,V.jjg
Mine A TOA B B c c D
Rud Sequn No. Polyl Poly ‘Scccnd Secend Poly Poly 2
Curvon dioxide 0.06.  0.08% 0.0h4 0.04% 0.03% 0.05% 0.chd,
Cxygen . 1.15% i.lh% 0.561 6.51% 1.79% 0.429 0.96%
Iydrogen 000 emmee ieeeea 1.26% 0.91% 0.00% 0.00% | 1.57%
Carton monéxide ' .- R mmeee mmmee memee emeea 0.05%
& Methne 3.1% . 2.65 1.10% L.h2d 0.24% c.21% 0.064
Nitrogen 95-7% - 66.2¢ 97.04% 97.121 97.94% 99.32% 97.32%

I Foly Irdlicates mud 1ips £t the cont.cts of the polyhullte bund und salt members.
2. This "blow" emitted from u smull vugg in the sult oelow the third mud seum.

4

14
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Appendix 5 (Cont.)
Sample No.
Mine

Mud Seum No.

Carbon dioxide
Oxygen

liydrogen
Carbon mcnoxide
Mctihane

Nitrogen

X356 2376 23717 w1587
D E F E
Third Second Second Secomd
0.04% 0.0% _ 0.0% 0.0%
1.20% 1.8¢ 6.0% 2.2%

1.30% 0.0% 0.1%
0.04% - 0.0% 0.0%

0;061 3.2% 2.81
97.284  95.0% 91.1%

e

15

P
LR LA

0.2%

0.0044,

3.8¢
93.8%

w1568

Third

0.0%.
0.4
3.64
0.11%
L. 7%
91.2%

Fron TR IR g SR o BT Sk TR i e

X

X33k X335

F. F
Bottom Top of
or Third Third
0.0% 0.01
1.6¢ 0.8¢
0.5% 0.4
0.013% 0.012%
0.8% 074
97.14 2 99.1¢



APPENDIX E

75



size

small pop

Bang & blow

less than one cu. ft.

Between 1 ft.3 and 4 cu. yd.

More than 4 cu. yd.

Floor
Middle Mud
Top Mud

Salt

Location

Room No./B.T. No.

AIR RELIEF RECORD

L

Joub ool

Crew

Shift

Date

Time

Area

Full Pass
Half Pass
Face
Rib

Smell

JUOo0

Distance & Direction from which intersection

Other/Comments

Instructions

1. Mark only one box under Size, and one under Rock moved

2. Gas seeping from clay goes under Other/Comments

3. If rock moved, is larger than 1 cubic ft., notify the shift foreman who will

notify general foreman
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EEG-12

EEG-13

EEG-15

EEG-16

EEG-17

EEG-18

EEG-19

EEG-20

EEG-21

EEG-22

EEG-23

EEG-24

Environmental Evaluation Group
Reports

(Continued)

Little, Marshall S. Potential Release Scenario and Radiological
Consequence Evaluation of Mineral Resources at WIPP, May 1982.

Spiegler, Peter. Analysis of the Potential Formation of a Breccia
Chimney beneath the WIPP Repository, May, 1982.

Bard, Stephen T. Estimated Radiation Doses Resulting if an
Exploratory Borehole Penetrates a Pressurized Brine Reservoir Assumed
to Exist Below the WIPP Repository Horizon, March 1982.

Radionuclide Release, Transport and Consequence Modeling for WIPP. A
Report of a Workshop Held on September 16-17, 1981, February 1982.

Spiegler, Peter. Hydrologic Analyses of Two Rrine Encounters in the
Vicinity of the Waste Isolatijon Pilot Plant (WIPP) Site, December
1982.

Spiegler, Peter. The Origin of the Brines from ERDA-6 and WIPP-12
Stable Isotopes of Hydrogen and Oxygen, March 1983,

Channell, James K. Review Comments on Environmental Analysis Cost
Reduction Proposals (WIPP/DOE-136) July 1982, November 1982,

Baca, Thomas E. An Evaluation of the Non-radiological Environmental
Problems Relating to the WIPP, February 1983.

Faith, Stuart, et al., The Geochemistry of Two Pressurized Rrines From
the Castile Formation in the Vicinity of the Vaste Isolation Pilot
Plant (WIPP) Site, April 1983,

EEG Review Comments on the Geotechnical Reports Provide. by DOE to EEG

. Under the Stipulated Agreement Throuah March 1, 1983, April 1983.

Neill, Robert H., et al., Evaluation of the Suitahility of the WIPP
Site, May 1983.

Neill, Robert H. and James K. Channell, Potential Problems From
Shipment of High-Curie Content Contact-Handled Transuranic (CH-TRU)
Waste to WIPP, August 1983.




