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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. y
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INTRODUCT ION

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
judgements 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 1in 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.

Ihe‘Sa1ado 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 (NaC1)
and other salts including polyhalite Tk,Ca,Mg (S0,),+2H,01, glauberite
(Na,S04+CaS0y,), sylvite (KC1), Kainite (KC1.MgSO,3H,0) Carnallite
(KC1<MgC1,+6H,0), Langbeinite KoMg, (SO4)3]1 and kieserite (MgSO,+H,0) as well
as layers of clastic rocks and anhydrite. Beds locally rich in potassium
minerals, primarily sylvite, carnallite and langbeinite, 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 is 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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Figure 1. Details of the stratigraphy of the Salado Formation showing the
locations 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 bottom 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 lithology of the Salado
formation. According to him, the entire Salado Formatjon 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.

Figure 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 member 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 level. 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. Figqure 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 (Fiqures 5 and 6). Air samples from the open fissure
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Figure 3. Detailed Tayout of Area 169 at the Kerr-Mcfee mine where the
gas blowouts of 12¢13.1983 and 1+23¢1984 occurred. The
orientation of fractures is shown. The fracture at A resulted

from a previous blowout. (See Fig. 2 for location within the mine)



Figure 4. The Tocation of 12:13-1983 blowout showing the ca#ity

(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 Tocation).
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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).
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within the blowout cavity taken by MSHA investigators on December 14, 1983 were
analyzed to contain 89% nitrogen, 8% or less oxygen and from 3 to 6% methane.

A report by Cavanaugh and Davidsonqdated 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 116° at the location
of 1-23¢1984 gas blowout in Room 5, Area 169 of Kerr-McGee
mine (See Fig., 3 for location).
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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 Prier to 1973

Written records of older incidents of gas blowouts in the Carlsbad 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 likely
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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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
CoHe 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 Carlsbad
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. Suéh a mixture 1is not chemically explosive. The

20



8°L 90°0 L°v
8L

L*¢ ¢2¢0°0 0°¢

6°L  €L°0 §°¢

0°1 1S°0 0°2
3y MO ubty

(%) sueuzay

(€861) £L1-300-ddIM woJj BIBP J4BYI0 ||V
(y961) (e 39 8bpa|any wody e3Rp 3UOZ USRIOd IINNIW : ILON

vl t°0 0°9 0°96 2°16 €°l6
vl G*06
88  2°0 0°22 [°l8 0°8L L°S6
0"LL €°¢ ¥°12 [°¥8 €°9./ 0°88
69 1I°t 0°Cl 8°06 8°G8 G°96
3AY MO YBLH any  MOT  ubty
%) usbAx( (%) uabouaitLy

sasey opeles 4O

(Sauly 9 wouy)
Pl 3U07 yselod IINNIK

(*0day ddIM 8u3 mo[3q 34 0O1)
L 6EL Pag JayJey

(*oday ddIM @A0Qe 33 1)
9 wd, 33+4pAyuy

(*0day ddIM 9A0Ge 34 G 03 01)
™ 2@, 93LJpAyuy MO|3q 3|eS

w9y PUR R, S33tapAyuy
v gEl pag JayJey

sa|dwes j0 °o\ uoztJoy dtLydedbiriedss

SjuaniLisuoy Joley °¢ algel

21



22

Miitures[which‘can nét be l

\g produced from methane and ai
20

ﬁ‘\
\
18 —
Explosive per se -.~"'--.~
16 //
14 pd
v
12
Capable of 'forming explosive
mixtures with air
10 (contain too much methane to

\\ explode per se)

Not capable’of
forming explosive

6 mixtures with air

OXYGEN, PER CENT

o N\

N

0 2 4 6 8 10 12 14 16 18 20

METHANE, PER CENT

Figure 11. Relationship between the composition and the explosibility

of mixtures of methane, oxygen and nitrogen (From Coward
and Jones, 1952).

22



gas sample obtained from Marker Bed 139 at WIPP contains the highest percentage
of methane (7.8%) but too 1ittle 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 bhrine,
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 along 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 lithostatic 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,
j.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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CONCLUSTONS 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 in 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 litholostatic 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.

6. 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.

7. 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.

8. 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. If
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 larger pressure drop than the ones at

potash mines level.

Recommendations

The following recommendations are made for future operations at the WIPP site.

1. 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.

2. 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 1in 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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SUMMARY

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&HTC), Ground Support Division traveled to the Rerr
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 ocutbursts and associated fly rock
and debris. '

GENERAL INFORMATION

The Rerr 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 rooms in the herring
bone-pattern develorment 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
from 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

33




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 Roam 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
th{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 loose fram 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 continuocus 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 from the
working face and roof into Room 1 and had created an open, jagged, arched
brow. The campany safety director stated that this brow would be rein-
forced by mstall_mg 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 recammended 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 recommended.
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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 fram 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 machihne
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. Fram the accumlated 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 :Lnfluence, 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 o0il 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.

% z//MK

Cavanaugh
Mining Engineer

January 16, 1984

Acting Chief
Ground Support Division

36



A\

To main
exhaust

Curtain

{

e GERmme e Sme  Emvees  Gmem  Smw—

SV GRmwe G Gmmme G GEE— G G G

e e CE—— G . Gmees  SES——  G— C—

—— G Am———  Gepeem Ry G — o— A——

Position of Jim Pitts when he
heard the blow out

= a—~—— Face where o

blewout occurreJ
Continuous Niner ’

" Lo.qc BouMer (ee Figque & )

FIGURE I.-
AREA (69

)

e main Main oir Intoke

7/

§

=

2

37

7



Cavity in upper right side of roam 1. Working face created
by the December 13, 1883, gas outburst. '

Open fissure within the gas outburst cavity in the roof
at the working face in room 1.

FIGURE 2.
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Looking into the left front side of the continucus miner
near the working face where the December 13, 1983, gas
outburst occurred.
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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 te 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 ronf 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 