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Examination and Testing of Self-Contained Self-Rescuers (SCSRs) Recovered from
the Upper Big Branch Mine Disaster

MSHA/NIOSH Report

November 18, 2011

Executive Summary

On April 5, 2010 an underground explosion at Performance Coal Company’s Upper Big
Branch (UBB) mine located in Raleigh County, West Virginia, did massive damage
throughout large portions of the mine and created high concentrations of carbon
monoxide (CO) in much of the mine atmosphere. Miners working in the UBB mine at the
time of the explosion were equipped with the CSE SR-100, a NIOSH/MSHA-approved
one-hour self-contained self-rescuer (SCSR) per Title 42, Code of Federal Regulations,
Part 84, (42 CFR, Part 84) bearing approval TC-13F-0239. On April 12, 2011, the Mine
Safety and Health Administration (MSHA) requested the assistance of the National
Institute for Occupational Safety and Health (NIOSH) to investigate SR-100s recovered
from the UBB mine after the explosion. This report summarizes the SCSR evaluations
performed as part of the resulting investigative effort.

The forty-one units recovered from inside or outside the mine by MSHA mine-site
investigators were viewed to fall into one of two categories. They were classified either
as opened, or unopened. The unopened units are also referred to as intact. Eighteen
SCSRs were classified as unopened and 23 SCSRs were classified as opened. Units
recovered outside the mine included both unopened and opened SCSRs.

Three of four intact units tested on a Breathing and Metabolic Simulator (BMS) provided
at least 60 minutes of respiratory support when consumed at a standard rate. The fourth
unit lost its starter oxygen due to a manufacturing flaw and the test was terminated at
approximately four minutes.

A combination of different recovery times, different storage conditions, and time elapsed
since all the units had been recovered, hindered observations on the opened units, and
greatly increased the difficulty of analysis. These factors essentially limited the
conclusions that could be drawn for these units. Three of the opened units’ conditions
were consistent with use at a light to moderate rate of consumption and six of them
exhibited characteristics consistent with use at a higher rate of consumption. The
remainder of the opened units appeared to exhibit conditions more consistent with only
being exposed to ambient atmosphere.

Background
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MSHA’s mine-site investigators collected the SR-100, SCSRs from the UBB mine.
According to the MSHA mine-site investigators the SCSRs presented to NIOSH for
evaluation came from a variety of locations. Most units were recovered from within the
mine; however, a group of units that included unopened as well as opened units was
recovered from a mantrip vehicle that had been brought out of the mine within 24 hours
of the explosion. The units recovered from within the mine were not recovered until
more than 60 days had elapsed from the time of the incident due to the need to follow
standard mine rescue and recovery protocols in the aftermath of the explosion. At the
time of collection, the MSHA mine-site investigators stored the recovered units in one of
three ways. Some units were individually bagged in plastic, some were individually
bagged in paper, and others were bagged collectively in large plastic bags. All bagged
units were placed into large plastic storage boxes and held with other evidence in trailers.

MSHA maintained the chain of custody of all the SCSRs during all phases of this
investigation. These apparatus are considered by MSHA and the other investigators as
evidence in the UBB mine investigation. Prior to beginning the evaluations of the
SCSRs, interested parties were invited to observe all evaluation activities. The only
outside interested parties present to observe testing and examination were the United
Mine Workers of America (UMWA) and CSE Corporation (hereafter referred to as CSE).
Representatives of the UMWA and CSE were present for all of the testing and
examination activities. No other interested parties attended at any time. The time frame
for evaluating and testing was governed by circumstances and findings. The SCSRs were
delivered to MSHAs facilities in Bruceton, Pennsylvania, on or about June 15, 2011.
Laboratory evaluations began July 18, 2011, and were completed by August 9, 2011.

Objectives

1) Inspect and catalog the condition of SR-100 units, as recovered during the MSHA
investigation

2.) Evaluate the life support performance of SR-100 units in the as-received
condition according to the established protocol (Attachment 1)

Methods

The evaluation of the recovered SR-100s was conducted at the NIOSH, National Personal
Protective Technology Laboratory (NPPTL) facilities in Bruceton, Pennsylvania. The
evaluation was conducted by NIOSH and MSHA personnel in accordance with a protocol
established for this investigation (Attachment 1).

Inspection

Past experience with accident investigations has revealed that one of the most important
products of the evaluation is an accurate visual record of the evidence. To this end,
NIOSH and MSHA cataloged and created a visual record using digital photographs.
Photographs were made of all SCSRs, as received, and the inspection of the SR-100s was
documented with pictures as well. During this inspection, examiners assessed the
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condition of both external and internal system components. To the greatest extent
possible, examiners inspected each SCSR according to the manufacturer’s approved
visual inspection criteria. (See Attachment 2) It was not possible to follow the
manufacturer’s inspection procedure completely on opened units. When the units are
opened, the lids become separated from the SCSRs along with the closure straps which
contain the serial number and manufacturing date. With the assistance of CSE, serial
numbers of these units were determined according to the serial number of the oxygen
starter assembly which is recorded on the body of the chemical canister portion of the
unit. The closure or security strap also retains the heat indicator which falls away and is
almost always lost when the unit is opened. All observable aspects of the manufacturer’s
visual inspection were noted where possible.

The opened SR-100s were subjected to a methodical disassembly, culminating with a
visual assessment of the chemical bed. Due to the varying conditions of storage,
collection and the amount of time that had elapsed since the units were collected, this
assessment could only be used for gross determination of status. As the chemical bed is
reacted and consumed, its appearance changes gradually. If the unit is disassembled
within a short time of use, it is possible to compare the appearance of the chemical bed
within the SCSRs under examination with those of SCSRs similarly evaluated under
known conditions of use. Since the UBB units had been exposed to ambient atmosphere
for an extended amount of time after being opened, or opened and used, any kind of
graduated assessment due to additional reaction of the chemical from this exposure was
obscured. However, because exposure to atmosphere only, as opposed to being exposed
to use, followed by exposure to atmosphere, creates a different pattern of reaction within
the chemical bed, it was possible to distinguish between units that had been breathed
through before exposure to the atmosphere, and units that had been exposed only to the
atmosphere after being opened. Additionally, among the units deemed to have been
breathed through, it was possible to determine which units had likely been consumed
rapidly, and which units had likely been consumed at a slower rate. Photos were used to
document all visual assessments.

Only two of the 18 unopened SCSRs clearly passed all inspection criteria. These two
SCSRs were found in a storage box which apparently protected them from the immediate
effects of the explosion. Either through the effects of the explosion or from damage
incurred prior to the explosion, the remaining 16 intact units failed visual inspection. It is
not possible to determine if all of the negative indications observed were due to the
explosion or existed prior to it.

The life-support capacity of the unopened SR-100s was assessed by means of a
performance test using a Breathing and Metabolic Simulator (BMS). The BMS testing
used on the unopened SR-100s can not be regarded as a direct substitute for human
subject testing specified at 42 CFR, Part 84, but performance can be compared to other
units tested using the BMS. For this test the BMS was set to extract 1.35 Ipm oxygen,
and inject 1.15 Ipm carbon dioxide at a ventilation rate of 30 Ipm. Units failing
inspection are not expected to perform well, so for this reason, only two of the 16
unopened units failing inspection were performance tested along with the two passing all
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inspection criteria. Three of these units performed adequately when tested on the BMS.
The fourth unit, one of the two which passed all inspection criteria lost its charge of
starter oxygen due to a metal shaving which was interfering with an O-ring seal in the
starter mechanism. This unit could only have been used in manual- or cold-start mode.

For the intact SCSRs evaluated on the BMS, the full manufacturer’s inspection could be
conducted including the ASMD (Acoustic Solids Movement Detector) test. (See
Attachment 3) The ASMD test analyzes the noise induced in the unit by moving it. The
noise produced by the SCSR when shaken is used as an indicator of shock and vibration
damage incurred by the chemical bed within the SCSR. In the field, this assessment is
made using a hand-held instrument provided by CSE. In the laboratory it is made using a
more sophisticated set of instrumentation which includes a small anechoic chamber.
Neither of these assessment techniques could be conducted on the opened SCSRs, but the
laboratory ASMD method was applied to each of the unopened SR-100, SCSRs which
were performance tested. Excessive noise as evaluated by either of the test instruments is
an indication of chemical-bed damage that may adversely affect the performance of the
SCSR. SCSRs which fail the ASMD test, also fail inspection. The two units found in the
storage container exhibited ASMD values of 18dB, and the two which failed visual
inspection exhibited ASMD values of 53dB and 41dB. All of these were within the 60dB
cutoff to pass the ASMD test.

Findings
Exceptional or notable findings are as follows:

Unopened-units:
1.) Sixteen of the eighteen unopened units failed visual inspection for various
reasons.
2.) When tested on the BMS, one of the unopened SCSRs lost its startup oxygen
as a result of a metal shaving interfering with an O-ring seal on the starter
mechanism. This unit could only have been used in manual- (or cold-start) mode.
It is not possible to manually start the SCSR in strict accordance with the CSE
Users’ Instructions (Attachment 2, page 14) when testing on the BMS. Therefore,
the test was discontinued as soon as the unit failed to provide enough volume for
the simulator to inhale, which occurred about four minutes into the test.*
3.) The other three tested units performed adequately.

Detailed findings are documented in Table 1, and each of the examined units is illustrated
in Attachment 4.

Findings regarding the opened units must be tempered by the knowledge that all of the
units had been exposed to ambient atmosphere for over a year by the time they were
presented to NIOSH for investigation and the subsequent evaluations. The chemicals

L In light of information gathered during an extensive investigation of the SR-100 oxygen starter
mechanism, this defect was seen to be an anomaly. This finding represents the sole observation.
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contained in the units are designed for one-time use which is meant to occur immediately
after the unit is unsealed. Once unsealed, chemical reactions will proceed regardless of
whether the unit is donned by a user or not. However, the pattern of reaction will be
different between a unit that is unsealed and donned and one that has simply been
unsealed. That difference will be more obvious the sooner the evaluation occurs relative
to the time the unit was first unsealed or opened. After a long enough time has passed,
any differences between the two conditions will become completely obscured by the
continued reaction of the chemicals. Certain assumptions have been made in an effort to
most effectively conduct the unit inspections and subsequent life-support assessments.
These assumptions can be characterized as follows:

1.) Circumstances of collection were therefore assumed to provide guidance for
evaluation.

a. Given that units were collected under, in broad terms, three different
sets of circumstances: outside the mine, inside the mine in various
locations, inside the mine in isolated pairs, it is assured that they were
exposed to differing environments. However, it is assumed that any
two units collected under a similar set of circumstances were exposed
to essentially the same post-explosion environments. For example,
two units which remained underground during the early phases of
mine recovery both laid at random spots on the mine floor. The
working assumption is that neither of them was lying in a puddle of
water for any portion of that time.

b. Given that units were collected at different times, and packaged for
retention in different ways (i.e. plastic, paper, bulk), the assumption is
that the units were all stored in the same area, and exposed to the same
temperature and humidity environment between the time they were
collected by MSHA and evaluated under this investigation.

2.) In the case of the most degraded units, it was assumed that similar external
appearance could be relied upon as a good indicator of internal appearance.
This was most important, and the prevailing assumption, for units thought to
have been used quite heavily according to their external appearance. Because
they were so heavily contaminated with an extremely caustic effluent of
reaction (consistent with high use), only one of them was dismantled to affirm
the observation of heavy use.

Under these assumptions, the units were evaluated in groups focused on similar
collection circumstances. The notable or exceptional observations and associated
findings regarding the opened units are as follows:

1.) All twenty-three units were not received in standard deployed configuration;
all units were either used, opened for use, or broken open by the forces of the
explosion. Consequently, it is not possible to make a pass/fail judgment with
regard to the required inspection criteria.

2.) The oxygen closures of twenty opened SCSRs had punctured which indicates
that the units had been activated prior to being received for inspection. This
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determination was made by examining the start-up closure, a frangible disc, of
each compressed oxygen container. Despite this finding, there is no method to
verify that oxygen flowed into the units from the start-up containers.

4.) Six of the open units are in a condition that one would expect of units that had
been consumed rather vigorously and rather completely.

5.) Three of the open units are in a condition more consistent with units that had
been consumed rather slowly, but also rather completely.

6.) The remaining 14 units are in a condition more consistent with units that had
been opened, but remained unused (i.e. not breathed through).

7.) Two of the 14 units mentioned in 6.) were judged to have been forced open by
the explosion and showed no signs of attempted use. These units served as a
rather useful reference point.

Table 2 is the complete listing of findings regarding the opened units.

- Recovery MFR Visual . .
Exhibit # L ocation SN Date Inspection ASMD Notes Life Support Duration
Found in Lost starter oxygen due to a
PE-0039-a Inside 224160 Oct-08 Pass Pass astorage | burr on the starter plunger. Test
container stopped at 4 minutes.
Found in
PE-0039-b Inside 228283 Nov-08 Pass Pass a storage 66 Minutes
container
Heat
A-02-A Outside 227015 Oct-08 Fail Pass indicator 66 Minutes
red
Shows
PE-0088 Inside 133640 Jun-06 Fail Pass signs of 63 Minutes
heat/soot
Table 1 - Index of performance-tested units
Overall
. Condition Oxygen
Exhibit# | Location Sl LIRS el Notes Consistent | Spent KO, | consumption
Number | Date | Activated .
with use? rate
Yes/No
) Bagged in a paper bag - Caustic .
PE-0101 Inside 228539 Yes leakage evident S/N 228539 (from Yes Complete High
CSE)
; i External
. No Bagged in a paper bag - Caustic ; No
PE-0198 Inside 139549 observation Ieakage evident S/N 139549 (from Yes observation observation
CSE) onIy
. : External
. No Bagged in a paper bag - Caustic ° No
PE-0197 Inside 139529 observation | leakage evident S/N 139529 (from Yes observlatlon observation
CSE) only
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PE-0108

Inside

139590

No
observation

Bagged in a paper bag - Caustic
leakage evident S/N 139590 (from
CSE)

PE-0110

Inside

139494

No
observation

Bagged in a paper bag - Caustic
leakage evident S/N 139494 (from
CSE)

PE-0111

Inside

228242

No
observation

Bagged in a paper bag - Caustic
leakage evident S/N 228242 (from
CSE)

Inside

238802

Feb-
09

No

Bagged in plastic - No caustic

leaking evident No Partial NA

PE-0037

Inside

136909

Yes

Bagged in plastic - No caustic

leaking evident, Bottle no. 48043 No Partial NA

PE-0027

Inside

228246

Yes

Bagged in plastic - No caustic

leaking evident S/N 228246 (from No Partial NA

PE-0053

Inside

137539

Yes

evident S/N 137539 (from CSE)

PE-0046

Inside

179857

Yes

Bagged in plastic - No caustic

Bagged in plastic - Caustic leakage
leaking evident, Bottle no. A95255 No Partial NA

PE-0055

Inside

194266

Yes

Bagged in plastic - No caustic
leaking evident S/N 194266 (from No
CSE)

Partial NA

PE-0025

Inside

179758

Yes

Bagged in plastic - No caustic
leaking evident S/N 179758 (from No
CSE)

Partial NA

Inside

228439

Nov-
08

No

Bagged in plastic - No caustic

leaking evident No Partial NA

Outside

201117

No

Bottle #A120126 Bagged
collectively -No caustic leaking No
evident S/N 201117 (from CSE)

Partial NA

Outside

228295

Yes

Bottle #A148070 Bagged
collectively - No caustic leaking No
evident S/N 228295 (from CSE)

Partial NA

Outside

179813

Yes

Bottle #A95080 Bagged collectively
- No caustic leaking evident S/N
179813 (from CSE)

Outside

228270

Yes

Bottle #A148553 Bagged
collectively - No caustic leaking
evident S/N 228270 (from CSE)

Partial

Outside

228299

Yes

Bottle #A149998 Bagged
collectively - Caustic leakage
evident S/N 228299 (from CSE)

Outside

179728

Yes

Bottle #A91663 Bagged collectively
- No caustic leaking evident S/N No
179728 (from CSE)

Partial NA

Outside

180099

Yes

Bottle #A95444 Bagged collectively
- No caustic leaking evident S/N No
180099 (from CSE)

Partial NA
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Bottle #A93445 Bagged collectively

A-02-1 Outside | 179804 Yes -No caustic leaking evident S/N No Partial NA
179804 (from CSE)
Bottle #A97114 Bagged collectively

A-02-J Outside 179843 Yes - No caustic leaking evident S/N No Partial NA

179843 (from CSE)

Unit identifiers beginning with "A" were
assigned by NIOSH during the investigation

at Bruceton

Table 2 - Index of opened units

This inspection and testing of respirators from Upper Big Branch was done at the
request of MSHA as part of its investigation of the mine disaster. NIOSH and
MSHA were not able to conduct an evaluation of respirators recovered from the
Upper Big Branch mine accident site for more than a year after the accident.
Those examining the units were limited in their ability to fully evaluate the
respirators by the impact of the explosion on the units and the length of time
following the explosion before the respirators could be examined and tested.
Given these limitations, those examining the units exercised their best
professional judgment and experience in presenting the findings in this report; but
these findings should only be relied on and considered only within the constraints
which limited their analyses.
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Attachment 1
Evaluation Protocol

Page 9 of 86



Investigation Protocol for Self-Contained Self-Rescuers (SCSRs) Recovered from

the UBB Mine Explosion
May 20, 2011

1.0 Background

2.0

1.1
1.2
1.3
1.4

1.5

The CSE SR-100 is an MSHA NIOSH approved 1-hr SCSR.

The SR-100 was deployed at the Massey UBB mine.

On April 5, 2010 an explosion occurred at the Massey UBB
underground mine.

Selected SCSRs collected during the MSHA investigation will be
visually inspected and tested.

These apparatus are considered by MSHA as evidence in their
investigation.

General Considerations

2.1

2.2

2.3

2.4

2.5

2.6

2.7

MSHA will maintain the chain of custody while the units are
undergoing investigation.

Parties to the testing of the apparatus are MSHA, and NIOSH.
These Parties may permit others to observe this inspection and
testing. The Parties will control the inspections and tests and the
test conditions. The Parties will notify observers of the time and
place of the inspections and tests, but may limit the number of
observers who can be present.

Units will be opened and inspected in the presence of all Parties,
and observers subject to the conditions specified in 2.2.

The role of the observers is simply to observe. They may not
control the inspection and testing, or test scenarios. If at any time
during inspection and testing observers are deemed to be
interfering with, or influencing inspection and testing, they will be
asked to leave.

No human subject tests will be conducted. Performance
assessments will be conducted using a breathing and metabolic
simulator (BMS). This testing is not to be regarded as a direct
substitute for human subject testing specified in Title 42, Code of
Federal Regulations, Part 84.

The time frame for inspection and testing will be governed by
findings and the availability of supplies. Under the current
understanding of the situation, inspection and testing could span
several weeks. The Parties must be in agreement on the
acceptability of any components or supplies needed for inspection
and testing.

NIOSH and MSHA facility safety personnel will be informed of the
intent to inspection and test, and may be asked to consult on the
overall safety of the activity, and to observe the inspection and test
procedures to assure facility and personnel safety.
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3.0

4.0

5.0

2.8 In order to assure the safety of laboratory personnel, all reasonable
efforts will be made to determine if any toxic substances are
involved relative to the SCSRs. If such substances may be on the
SCSRs, they will be sanitized. This is a standard precaution.

Objective

3.1 MSHA and NIOSH will conduct a joint investigation of the SCSR’s
used in the Massey UBB mine explosion.

3.2 The objectives are:

3.2.1 To inspect and catalog the condition of the apparatus, as
delivered to NIOSH by MSHA.

3.2.2 To evaluate the life support performance of the apparatus (if
possible).

Method

4.1 The investigation will be conducted at NIOSH, Bruceton Research
Center, in NPPTL facilities.

4.2  Procedure
4.2.1 Catalog and create a visual record (digital photographs) of

all SCSR’s, as received.

4.2.2 Inspection

4.2.2.1 Sanitize any SCSRs that require such a procedure,
and conduct a visual inspection according to
manufacturer’s instructions

4.2.2.2 Assess condition of breathing hose and bag, as
well as other system components

4.2.2.3 Digital photographs will be used for visual record.

4.2.3 Life Support

4.2.3.1 Unopened units: Performance test on Breathing
and Metabolic Simulator (BMS)

4.2.3.2 Opened units: Perform a visual inspection and
assess condition of the chemical bed. NOTE:
Assessment of the chemical bed condition should
not be construed as an indication of the condition
at the time of recovery from the mine due to the
length of elapsed time from recovery until
evaluation at NIOSH, NPPTL.

4.2.3.3 Document life support assessments with digital
photographs as appropriate.

Report

5.1  Prepare and submit a report on the results of the investigation to

the MSHA investigation team.
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Attachment 2

CSE Users’ Instructions
Donning Manual
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Attachment 3

CSE Users’ Instructions
Daily and 90-Day Inspetions Manual
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Figure 1 - PE-0039, Units -A and -B in Storage Box
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Figure 2 - Unit PE-0039-A

Figure 3 - Unit A-02-A, as Received
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Figure 4 - Unit PE-0088, as Received
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Figure 5 - Units PE-0101, PE-0108, PE-0110, PE-0111, PE-0197, and PE-0198, as Received
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Figure 6 - Starter Plunger from Unit PE-0139-a, Showing Metal Shaving
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Figure 7 - Unit A-02-B, as Received (Unactivated)
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Figure 8 - Unit A-02-C, as Received and Remaining Chemical
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Figure 9 - Unit A-02-D, as Received and Remaining Chemical
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Figure 10 - Unit A-02-E, as Received and Remaining Chemical
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Figure 11 - Unit A-02-F, as Received and Remaining Chemical
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Figure 12 - Unit A-02-G, as Received and Remaining Chemical

Page 64 of 86



Page 65 of 86



Figure 13 - Unit A-02-H, as Received and Remaining Chemical
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Figure 14 - Unit A-02-1, as Received and Remaining Chemical
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Figure 15 - Unit A-02-J, as Received and Remaining Chemical

Page 70 of 86




Page 71 of 86



Figure 16 - Unit PE-0037, as Received and Remaining Chemical
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Figure 17 - Unit PE-0027, as Received and Remaining Chemical
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Figure 18 - Unit PE-0053, as Received and Remaining Chemical
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Figure 19 - Unit PE-0046, as Received and Remaining Chemical

Page 78 of 86



Page 79 of 86



Figure 20 - Unit PE-0055, as Received and Remaining Chemical
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Figure 21 - Unit PE-0025, as Received and Remaining Chemical
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Figure 22 - Unit PE-00130, as Received and Remaining Chemical
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Figure 23 - Unit PE-0131, as Received

Page 85 of 86



Figure 24 - Unit PE-0101, as Received and Remaining Chemical
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