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1 Executive Summary

A Los Alamos National Laboratory (LANL) task group was established to discuss and evaluate a
candidate fire suppression system (FSS) for gloveboxes (GB) and dropboxes (DB, for brevity, this
report will simply refer to gloveboxes). Suitability criteria include compliance, compatibility, and
capability. LANL contracted with New Mexico Tech (NMT) to quantitatively evaluate the perfor-
mance of one of those systems including its ability to extinguish GB fires, limit over-pressurization
of the GB, etc. Additionally, the results of these experiments provide data points that could be used
when fire hazard evaluations (FHEs) are conducted for determining when to require a fire suppres-
sion system installation within a GB (as required by NFPA 801, Standard for Facilities Handling
Radioactive Materials, DOE Standard 1066-2012 Fire Protection, and AGS-G010-2011 Standard of
Practice for Glovebox Fire Protection).

The type of fire suppression systems considered for use in GB’s are typically engineered systems
that are based on the volume of the enclosure, combustible material, airflow rate, etc. It is also
standard practice to conduct fire tests to evaluate the candidate FSS. The airflow and allowable
working pressures for a working GB utilized as bounding criteria for fire tests to yield the most
conservative and comprehensive fire test plan to suit LANL requirements. As such the fire tests
conducted here evaluate the selected FSS performance with regard to affects on the GB environment
(i.e., internal pressures and potential loss of GB confinement) and HEPA filters (inlet and outlet).
The selected system is the Cease Fire CFP 640 (Appendix A.3). Broadly, the goal for the GB setup
was to create a test environment for the FSS that was as close as possible to an actual GB setup
at LANL.

Key results include:

• The candidate FSS was able to control and prevent re-ignition of the test fire according to
the criteria detailed in UL 300 standard [5].

• The candidate FSS tested had some effect of blocking the exhaust filter.

• In GB fire tests, GB pressure generally rose (reduction in vacuum) as the fires grew, approach-
ing and even momentarily to the point of loss of vacuum. At the moment of FSS discharge, a
minor spike in GB pressure was observed. Much more substantial was a reduction in pressure
(increase in vacuum) as the GB environment was rapidly cooled. No breach in confinement
was observed.

• The FSS automatically deployed by means of a 155◦F sprinkler head. Nearby (Fig. 2 (4) and
(5)), the temperature at time of deployment was measured to be 360◦F, on average across
tests.

• The FSS deployment preceded report by Fenwal heat detectors installed within LANL-specified
GB thermal wells. The 190◦F units did not activate in any of the three fires. In one fire, the
140◦F did not activate. In the other two tests, the activation of the 140◦F unit followed the
FSS discharge — once by 18 seconds, and once by 11 seconds.

• The candidate FSS tested coated the GB floor and contents fairly uniformly, depositing 1–2
mm of dry chemical.
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This project supported multiple NMT undergraduate (Chris Schmittle, Dan Puckett, Gabriel
Acosta, Ryan Morelli, Andrew Duff, Benjamin Sears, Rebecca Sappington, Keith Sillivent, and
John Paul Norman) and graduate students (Sean Coss, Estevan Trujillo, and Jakob Mroczkowski).

2 Methodology

2.0.1 Glovebox Preparation

The specific methodology used herein is detailed in the LANL GB Fire Test Plan included in
Appendix C. Critical components of the test apparatus are detailed below.

1. The GB used in this work is the same used in prior related experiments [1, 2, 3], adapted for
these tests (Fig. 1).

2. The GB has an internal volume of 72 ft3 and was sealed with a combination of LANL Standard
GB Services and custom panels were installed with standard gasket materials or silicone caulk.
An additional volume was attached (Fig. 1) to simulate a DB with an overall volume of 100
ft3. Panels, windows, and other attachments were installed to a torque of 25 in-lbs.

3. Gloves and associated installation hardware were inspected by LANL personnel present during
testing.

4. Two identical, inline, 12” electric fans with speed control were selected to pull air through the
GB up to or above the target level of 40 CFM. The airflow pathway is described in Figure 1.

5. A ball valve (Fig. 1, right (4)) was adjusted to set the GB vacuum and air flow match levels
measured when the GB functions as an isolated airbox (0.60 inAq vacuum and 40 CFM flow).

6. The FSS consisted of a sprinkler head, flexible line, and tank assembled and prepared by the
manufacturer. The tank was mounted in a horizontal orientation atop the GB. The sprinkler
head was installed through a ceiling service panel (Fig. 2 (5)).

2.0.2 Data Acquisition

Key details of the sensors selected for these tests are described below. Their installation locations
are indicated in Figure 2.

1. All sensors used for the purpose of collecting data reported herein are National Institute of
Standards and Technology NIST traceable (Appendix B)

2. Three thermocouples TL (low), TM (middle), and TH (high) (Watlow model AB-2005267) were
mounted inside the GB along the center line at the heights shown relative to windows & glove
ports near, but not in direct contact with the GB wall (Fig. 2 (8)).

3. A fourth thermocouple (Watlow model AB-2005267) was used to measure ambient tempera-
ture.
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(a) (b)

Figure 1: In (a), the isolated airbox used in these tests is shown before alteration. In (b), a
schematic representation of the GB is provided, with emphasis on the airflow pathway. Air enters
the GB via the following sequence: through a TSI model 5725 vane anemometer (1), 3” circular-
to-square adapter, LANL-supplied Flanders 8” square filter (2), and then through a small volume
(B) that also adapts from the square filter geometry to a rectangular opening in the lower corner of
the GB. The air exits the GB, first spliting and either exiting through a LANL-supplied, Flanders
8” round filter (3), or else through the ceiling of the attached volume (A) by means of a 2” pipeline
with in-line ball valve (4). The flow from these two pathways recombine and passes through a
sequence of of reducers (2”–4”–8”–10”–12”) and into two, in-line electric fans (Fantech FG 12 EC,
(5)), and finally out the 12” bunker exhaust duct.

4. Pressure sensors were attached to a panel adjacent to the GB (Fig. 2 (7)). These sensors were
connected to the appropriate components using pressure lines shown in Figure 3.

5. Four pressure sensors were used to redundantly measure the pressure drop across the exhaust
filter. These included a pair of differential pressure transmitters (Dwyer model 648B-16, range
-2.5–2.5 inAq). For further redundancy, and to accelerate tuning, two Magnehelic pressure
gauges were installed in parallel to calibrate the GB vacuum to 0.6±0.01 inAq before beginning
data acquisition.

6. Another pair of differential pressure transmitters (Dwyer model 648B-16, range -2.5–2.5 inAq)
were used to redundantly measure the GB interior pressure relative to ambient pressure.

7. Wells in the ceiling of the GB allowed installation of two Fenwal sensors (“Detect-A-Fire”,
Model 27021-0 140◦F and 190◦F heat detectors (Fig. 2 (4)).

8. A data-logging vane anemometer (TSI model 5725) was sealed to the air inlet and measured
flow through the GB (Fig. 2 (9)).

9. Three video cameras (Point Grey Grasshopper3 GS3-PGE-23S6M-C) redundantly observe/record
the events inside and in the vicinity of the GB during testing. Two were mounted directly
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to the GB at window locations, providing an internal view (Fig. 2 (icons indicate locations)),
and a third was mounted some distance away to provide an external view of the GB.

10. A thermal imaging camera (FLIR T640) was used in conjunction with an IR Window (Fluke
CV-400 4”) installed into a metal plate to provide supplementary information (data collected
for submission to LANL in video form — not included in this report, Fig. 3 (far right)).

11. Finally, a digital stopwatch was used to record critical times (Traceable, model 1051).

Figure 2: GB schematic of critical sensor locations and the mechanical connection of subsystems.
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Figure 3: Left to Right: Pressure Lines (External View), Pressure Lines (Internal View), Pressure
Gauges, Anemometer, Infrared Camera.
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2.0.3 Controlled Fire Trial Set-up

Consumables and associated components were prepared and installed according to the experimental
plan (Appendix C). In summary:

1. The GB was initially washed using a pressure washer, Fantastik cleaner, and Windex and
rewashed after any tests producing a considerable soot coating within the GB.

2. Cameras were adjusted to maximize view of the GB floor and set-up area.

3. Using photos as reference, the combustibles were laid out to accurately repeat their arrange-
ment.

4. Igniters were prepared from 22 AWG Nichrome 80 wire cut to a length of 18.84” (selected to
achieve desired electrical impedance) and coiled around a 5/16-18 machine screw to produce
a uniform coil.

5. Igniter coils installed in two locations — one pair to a wooden crib (UL 1975 [4]) and one
to a zippered bag containing alcohol-soaked cheesecloth. The wires to these igniters were
connected in parallel to a 12V lead acid battery using alligator clips and fire-proof wire. The
igniter coils, alligator clips, and any singed wires were replaced for each successive trial.

6. The igniter leads were connected to a relay within a junction box that could be controlled
from the control room.

Figure 4: Arrangement of combustibles in GB.

2.0.4 Experiment Protocol

All experiments were conducted at a pair of bunkers near Torres Lab at the Energetic Materials
Research and Testing Center (EMRTC, Fig. 5). The experimental apparatus was installed in one
bunker while personnel and control and data acquisition systems were located in the adjacent
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bunker during testing. A strict protocol was established to ensure adherence to the experimental
plan (Appendix C), relying upon a detailed checklist. Critical test parameters and a record of key
events was made using an LANL-approved data sheet is provided in Appendix F). After completion
of each test, data was saved to multiple locations, and the GB was cleaned and inspected.

Figure 5: Test location at EMRTC. A pair of bunkers housed the GB and personnel.
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3 Results

3.1 Baseline Discharge Test

3.1.1 Glovebox Response

In Test 1, the FSS was discharged into the sealed glove box under normal operating pressure and flow
conditions where no fire was present. Time histories of the pressures, flow rate, and temperatures
are shown in Figure 6. The discharge of the FSS occurred at t=90 s and increased the pressure
inside the GB from -0.60 to -0.18 inAq as can be seen in Figure 6(c). The discharge also resulted in
a transient drop in flow rate to 31.3 CFM as can be seen in Figure 6(a). The discharge also resulted
in a minor decrease in temperature inside the GB as can be seen in Figure 6(d).
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(a) GB Air Flow. (b) Fenwal Thermal Detector Response.

(c) Pressure Response. (d) GB Temperature Response.

Figure 6: Measurements of the GB response to the baseline discharge of the selected FSS (Test 1).
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3.1.2 Dry Chemical Coverage

The dry chemical discharge during Test 1 was photographed and measured at various locations in
the GB (Table 1), as indicated in Figure 7. These photographs obtained after the baseline discharge
are shown in Figure 8.

Figure 7: Illustration of locations (A-I) in GB where dry chemical depth was measured and pho-
tographed after baseline discharge.

Test 1
Location Depth (mm)

A 1.5
B 2
C 7
D 3
E 1.5
F 1
G 2
H 3.5
I 1

Table 1: Dry chemical depth for Test 1 measured at the locations described in Figure 7.
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Location A Depth Location B Depth Location C Depth

Location D Depth Location E Depth Location F Depth

Location G Depth Location H Depth Location I Depth

Figure 8: Dry chemical deposition at the conclusion of Test 1 is measured at various locations, as
indicated in Figure 7. The measurement are fairly uniform at 1-2 mm. The key exceptions are 1)
that significantly more was present in the locations closest to the sprinkler head (C, H, and D) and
2) very little was present in the inlet duct (A).
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3.2 Fire Response Test

3.2.1 Glovebox Response

In Test 2-4, the GB was loaded with the combustibles shown in Figure 4. The GB was sealed and
operating under normal pressure and flow conditions. The reported data begin at the moment the
ignitors are activated. The time histories of pressures, flow rate, and temperatures are shown in
Figures 9–11. Temperature can be seen to rise until the FSS discharged automatically upon the
rupture of the manufacturer-supplied glass bulb. The coverage observed during discharge is shown
in Figures 13–15. Critical values for these tests are summarized in Table 2.
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(a) GB Air Flow. (b) Fenwal Thermal Detector Response.

(c) Pressure Response. (d) GB Temperature Response.

Figure 9: Measurements of the GB response to the discharge of the selected FSS in response to a
GB fire (Test 2).
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(a) GB Air Flow. (b) Fenwal Thermal Detector Response.

(c) Pressure Response. (d) GB Temperature Response.

Figure 10: Measurements of the GB response to the discharge of the selected FSS in response to
a GB fire (Test 3).
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(a) GB Air Flow. (b) Fenwal Thermal Detector Response.

(c) Pressure Response. (d) GB Temperature Response.

Figure 11: Measurements of the GB response to the discharge of the selected FSS in response to
a GB fire (Test 4).
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3.2.2 Dry Chemical Coverage

The dry chemical discharge was photographed and measured at various locations in the GB (Table
3), as indicated in Figure 12. These results are shown for each of the GB fire tests in Figures 13 –
15.

Location Test 2 Test 3 Test 4
Depth (mm)

A 0 0 0
B 1.5 0.5 2
C 8 4 4
D 4 2 2.5
E 2 1 1
F 1 1 1
G 1.5 1.5 3
H 4.5 4 5
I 1.5 0.5 0.5

Table 3: Dry chemical depth for Tests 2 – 4 at the locations described in Figure 12.

Figure 12: Illustration of locations (A-I) in GB where dry chemical depth was measured and
photographed after discharge in response to GB fire.
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Location A Depth Location B Depth Location C Depth

Location D Depth Location E Depth Location F Depth

Location G Depth Location H Depth Location I Depth

Figure 13: Dry chemical deposition at the conclusion of Test 2 is measured at various locations,
as indicated in Figure 12. The measurement are fairly uniform at 1-2 mm. The key exceptions are
1) that significantly more was present in the locations closest to the sprinkler head (C, H, and D)
and 2) very little was present in the inlet duct (A).
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Location A Depth Location B Depth Location C Depth

Location D Depth Location E Depth Location F Depth

Location G Depth Location H Depth Location I Depth

Figure 14: Dry chemical deposition at the conclusion of Test 3 is measured at various locations,
as indicated in Figure 12. The measurement are fairly uniform at 1-2 mm. The key exceptions are
1) that significantly more was present in the locations closest to the sprinkler head (C, H, and D)
and 2) very little was present in the inlet duct (A).
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Location A Depth Location B Depth Location C Depth

Location D Depth Location E Depth Location F Depth

Location G Depth Location H Depth Location I Depth

Figure 15: Dry chemical deposition at the conclusion of Test 4 is measured at various locations,
as indicated in Figure 12. The measurement are fairly uniform at 1-2 mm. The key exceptions are
1) that significantly more was present in the locations closest to the sprinkler head (C, H, and D)
and 2) very little was present in the inlet duct (A).

23



3.2.3 Pre- and Post-Mortem GB Photos

Numerous photographs of the GB interior, GB combustibles, and GB filters were taken before and
after fire. These images are organized in the Figures 16 – 28.
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Pre-Test
Post-Test

Figure 16: Pre- and post-testing images of consumables placed on the inlet side of the GB from
Test 2, the first of three test fires. The shown items were located (red dashed line) atop a rack
(black dashed line) inside the GB in the schematic above the photographs.
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Figure 17: Additional views of GB consumables located on the inlet side after testing (Test 2).
Some items were in the open (left) and some alcohol-soaked cheesecloth was were stored in a fire
resistant bag (right, Hot-Stop ’L’, large item pouch, Baker Aviation, Addison, TX)).

Pre-Test
Post-Test

Figure 18: Pre- and post-testing images of consumables placed on the exhaust side of the GB from
Test 2, the first of three test fires. The shown items were located (red dashed line) atop a rack
(black dashed line) inside the GB in the schematic above the photographs.
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Figure 19: Additional view of GB consumables located on the exhaust side after testing (Test 2).

Pre-Test Post-Test

Figure 20: Pre- and post-testing images of consumables placed on the inlet side of the GB from
Test 3, the second of three test fires. The shown items were located (red dashed line) atop a rack
(black dashed line) inside the GB in the schematic above the photographs.
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Figure 21: Additional views of GB consumables located on the inlet side after testing (Test 3).
Some items were in the open (left) and some alcohol-soaked cheesecloth was were stored in a fire
resistant bag (right, Hot-Stop ’L’, large item pouch, Baker Aviation, Addison, TX).

Pre-Test Post-Test Additional Volume

Figure 22: Pre- and post-testing images of consumables placed on the exhaust side of the GB from
Test 3, the second of three test fires. The shown items were located (red dashed line) atop a rack
(black dashed line) inside the GB in the schematic above the photographs. Also shown is the dry
chemical deposition in the Attached Volume (right).

28



Figure 23: Additional view of GB consumables located on the exhaust side after testing (Test 3).

Post-Test

Still Smoldering Alcohol Soaked Cheesecloth

Figure 24: Post-testing images of consumables placed on the inlet side of the GB from Test 4, the
third of three test fires. The shown items were located (red dashed line) atop a rack (black dashed
line) inside the GB in the schematic above the photographs.
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Figure 25: Additional views of GB consumables located on the inlet side after testing (Test 4).
Some items were in the open (left) and some alcohol-soaked cheesecloth was were stored in a fire
resistant bag (right, Hot-Stop ’L’, large item pouch, Baker Aviation, Addison, TX)).

Post-Test Additional Volume

Figure 26: Post-testing images of consumables placed on the exhaust side of the GB from Test 4,
the third of three test fires. The shown items were located (red dashed line) atop a rack (black
dashed line) inside the GB in the schematic above the photographs. Also shown is the dry chemical
deposition in the Attached Volume (right).
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Figure 27: Additional view of GB consumables located on the exhaust side after testing (Test 4).
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3.3 Inlet and Exhaust Filter Packing

The inlet filter was inspected after each test by LANL representatives. In each case, it was deemed
by them to be free from defect and approved for reuse in subsequent tests. The exhaust filter,
by contrast, had obvious residue from the FSS dry chemical discharge and combustion products
present after each of test. As a result, the exhaust filter was replaced before each subsequent test.
The single inlet filter and the four exhaust filters are shown in Figure 28. This visible evidence of
exhaust filter packing is consistent with the records of exhaust filter pressure drop and GB airflow
shown in Table 2 and Figures 9, 10, and 11.

Figure 28: Post-mortem images of inlet and exhaust filters. Exhaust filters were replaced before
each of Tests 1–4, and are labeled accordingly. The same inlet filter was used in all four tests.
Residue is evident on the exhaust filters — a combination of FSS dry chemical and combustion
products. No evidence of residue is visible for the inlet filter, despite use for all of Tests 1–4.
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4 Conclusions

4.1 Effectiveness of FSS in Extinguishing the Test Fire

A consistent finding in the GB fires that have been conducted at NMT in recent years is that
the progression of the fire, the degree to which combustibles become involved, etc. are all highly
dependent on the arrangement of these items, local airflow, and so forth. Relevant parameters
have been chosen either to reflect standard conditions at LANL or to reflect a realistic worst case.
As has been observed in prior testing, including in [2, 3], these tests demonstrate the dangers
associated with use of flammable liquids in GB’s. Video review clearly shows that, relative to the
other combustibles, the flammable liquids present in squeeze bottles or absorbed in cheesecloth were
primarily responsible for the robust fires that were observed.

The primary point of these tests was to establish whether the LANL-selected FSS was able to
extinguish the LANL-prescribed test fire. For the purpose of this assessment, we apply the definition
provided in Section 7.13.1 of UL 300 [5]. Quoting directly:

Upon actuation, the fire shall be extinguished as evidenced by a sharp decrease in
temperature and in no instance shall an increase in any temperature occur. Routine
fluctuations in recording instruments are to be disregarded. Small residual flames shall
self-extinguish with no additional application of extinguishing agent.

It is clear from the plots of temperature provided in Figures 6 and 9–11 that temperatures internal
to the GB did sharply decrease after FSS discharge and, noise excluded, monotonically decrease.
Furthermore, recorded video shows that flames do rapidly dissipate.

4.2 Environmental Effects on GB

The most salient effects of the fire and subsequent FSS discharge are: 1) an increase in GB pressure
by approximately 0.25 inAq at the time of discharge; 2) in Tests 2–4, this rise is followed by
a much larger amplitude drop in pressure of approximately 2.5 inAq; and 3) this pressure drop
is accompanied by a large transient increase in airflow (air is drawn in) and reduction in GB
temperature at all measured locations. These subsequent effects are not visible in Test 1, as one
would expect since the GB internal temperatures were not elevated by a fire. In all tests, there
was an increase of both the steady-state GB pressure (reduction in GB vacuum) and exhaust filter
pressure differential after discharge compared to the pre-fire/discharge levels. This change can
be directly attributed to loading of the exhaust filter by combustion products (Tests 2–4) and dry
chemical powder (all tests). While not directly relevant to the purpose of these experiments, Fenwal
heat detector response was measured; the 140◦F Fenwal heat detector is activated in Tests 2 and 4,
but not in Test 3 and that the 190◦F Fenwal heat detector did not activate in any test.

4.3 Recommendations

The Cease Fire CFP 640 was able to extinguish the test fires and did not result in a GB overpressure
(loss of confinement). The dry chemical was deposited in a fairly uniform manner; however, minor
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effects on depth seemed to include distance from sprinkler head, airflow, and occlusion by items
on the GB floor. The effects of objects occlusion on deposition depth can be seen qualitatively in
Figures 16, 18, 20, 22, 24, and 26. The combined effects of airflow and proximity to the sprinkler
head on depth can be inferred directly from the reported depths in Table 4. For instance, no
substantial deposition was observed in the air inlet (A, both extremely upstream and far from
the sprinkler head), less was deposited within the GB at Locations B & G (both upstream and
further from the sprinkler head relative to other measured locations within the GB). From that
point forward air either exited through the 8” exhaust spool or through a 12” pass through followed
by the attached volume and its exhaust line. Progressively the depths decreased (D → E → F →
I). These depths are collectively listed for Tests 1–4 in Table 4.

Flammable-liquid-soaked cheesecloth and other combustibles stored in a LANL-provided fire resis-
tant bag (Hot-Stop ’L’, large item pouch, Baker Aviation, Addison, TX)) did not ignite during the
fire (Fig. 4 and Figs. 17–25). This result is consistent with the observation that closed metal con-
tainers (Vollrath 8802, Vollrath, Sheboygan, WI ) protected flammable-liquid-soaked cheesecloth
from the GB fire during prior testing [3]. As such, it is clear that containerization of combustibles,
even flammable liquids, is efficacious in protecting such items from involvement in a GB fire.

Location Test 1 Test 2 Test 3 Test 4
Depth (mm)

A 1.5 0 0 0
B 2 1.5 0.5 2
C 7 8 4 4
D 3 4 2 2.5
E 1.5 2 1 1
F 1 1 1 1
G 2 1.5 1.5 3
H 3.5 4.5 4 5
I 1 1.5 0.5 0.5

Table 4: Dry chemical depth at the locations described in Figure 12.

Future work suggested by these experiments includes exploration of:

• Variation in the type/condition of consumables involved in the GB fire (e.g., oil vapor simu-
lating a hydraulic leak, acetone/oil mix, etc.)

• Characterization of the conditions under which fire self-extinguish

• The efficacy of additional fire-resistant containers for storing flammable liquids, chemical
wipes, etc.

4.4 Materials Supplementing this Report

This report will be supplemented by a delivery of raw data, video, and photographic files as well as
material samples.
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Appendices

A Cease Fire CFP 640 Specifications and Installation In-

structions

A.1 CeaseFire CFP 640P Data Sheet
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PN (Part No.) CFP 640LP
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N° Description Amount
1 CFP 640LP 1

Cease Fire
Cease Fire
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Datasheet creation date: 28/02/2017 18:18
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A.2 CeaseFire CFP 640 Manual and Installation Guide
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A.3 CeaseFire Manual Actuator Specifications
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A.4 CeaseFire Manual Actuator Installation Guide
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B Sensor Calibration/Specification Sheets
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4.26 
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Calibrated and/or reported in accordance with one or more of the following specifications: ASTM E-207, E-220, E-230, E--044, IS0-100/2, and ITS 90. 
This document shall not be reproduced except in full, without the written approval of Watlow's QA/Lab Services Department. 





C Experimental Plan

* Note: One page was set aside for the insertion of a Job Hazard Analysis when numbering the pages
of this document. This document occupies three pages, creating a two-page discrepancy between
nominal and actual page numbers from that point (p. 13) onward.
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1. Purpose 

Various dry-chemical fire suppression systems are being considered for installation in           
gloveboxes (GB) and dropboxes (DB) at Los Alamos National Labs (LANL). They are typically              
engineered systems that are based on the volume of the enclosure, combustible material, air flow               
rate, etc. Fire tests will be performed to evaluate targeted fire suppression systems (FSS). The               
maximum airflow rate and minimum allowable working pressures for a working GB will be              
utilized as bounding criteria for fire tests to yield conservative guidelines relevant to fire test               
plans at LANL. This work builds on related prior work by this this group and their counterparts                 
at​ ​LANL​ ​[1-3]. 

2. Test​ ​Overview/Summary: 

Fire tests will evaluate dry chemical FSS performance only, and not the performance of any               
detection systems. Every reasonable effort will be made to make the test setup representative of               
GB/DB’s​ ​at​ ​LANL.​ ​​ ​These​ ​tests​ ​will​ ​involve: 

● An​ ​isolated​ ​air​ ​GB​ ​provided​ ​by​ ​LANL​ ​(Fig.​ ​2). 
● GB​ ​airflow​ ​and​ ​vacuum​ ​level​ ​set​ ​to​ ​match​ ​LANL-provided​ ​target​ ​values. 
● FSS’s​ ​installed​ ​according​ ​to​ ​manufacturer​ ​recommendations. 
● Representative​ ​combustibles​ ​will​ ​be​ ​arranged​ ​within​ ​the​ ​GB. 
● Repeatable​ ​initiation​ ​of​ ​fire​ ​using​ ​crib​ ​prepared​ ​according​ ​to​ ​​ ​UL​ ​1975. 
● Instrumentation to track timeline temperature, pressure, and airflow in GB during           

fire​ ​and​ ​FSS​ ​deployment. 

Data obtained in these tests will be analyzed and presented to LANL in a final report. Regarding                 
the question of whether the candidate dry-chemical FSS was able to “extinguish” the fire, the               
temperature data will be reviewed and a determination will be made according to the following               
definition​ ​provided​ ​by​ ​UL​ ​300,​ ​Section​ ​7.13.1​ ​([4]):  

Upon actuation, the fire shall be extinguished as evidenced by a sharp decrease in temperature and in no                  
instance shall an increase in any temperature occur. Routine fluctuations in recording instruments are to be                
disregarded. Small residual flames shall self-extinguish with no additional application of extinguishing            
agent. 

3. Location​ ​of​ ​Test: 

The​ ​bulk​ ​of​ ​testing​ ​will​ ​be​ ​conducted​ ​at​ ​the​ ​Torres​ ​Compex,​ ​“2-Ton”​ ​bunker​ ​on​ ​the​ ​EMRTC 
campus​ ​(Fig.​ ​1). 
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Figure 1. The “2-ton Bunker” near Torres Laboratory. This earth-covered site features a pair              
of rooms, divided by a robust wall. In the larger room (right) the GB is installed. The                 
smaller room (left) will be exclusively occupied by personnel during testing, allowing safe,             
remote​ ​operation​ ​and​ ​observation​ ​of​ ​the​ ​experiment. 

 

Figure 2. ​A steel LANL glove box used for experimentation is shown mounted onto a               
supporting frame. The box contains rectangular windows mounted to the glove box with steel              
frames, as well as open circular ports at the bottom, middle and top of the box for the                  
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insertion of hypalon gloves. Open ports for the insertion of instrumentation are located along              
the​ ​bottom​ ​of​ ​the​ ​glove​ ​box,​ ​below​ ​the​ ​glove​ ​ports​ ​and​ ​between​ ​the​ ​windows.  

 

4. Sequence​ ​of​ ​Steps​ ​/​ ​Procedures​​ ​(see​ ​Attachment​ ​4​ ​for​ ​detailed​ ​checklist): 

4.1. The GB will be cleaned and accessories (e.g. gloves, windows, and service panels) will              
be installed according to LANL standard practices. Among these practices, window           
fasteners​ ​will​ ​be​ ​torqued​ ​in​ ​a​ ​staggered​ ​pattern​ ​to​ ​25​ ​lb-in. 

4.2. Air​ ​flow​ ​will​ ​be​ ​controlled​ ​using​ ​two​ ​electric​ ​fans​ ​in​ ​series​ ​installed​ ​along​ ​the​ ​exhaust 
path​ ​and​ ​monitored​ ​using​ ​a​ ​flow​ ​sensor​ ​installed​ ​along​ ​the​ ​inlet​ ​path.​ ​The​ ​GB​ ​will 
incorporate​ ​a​ ​fixed​ ​negative​ ​pressure​ ​differential​ ​of​ ​1/4​ ​-​ ​3/4​ ​inches​ ​of​ ​water​ ​column 
(inAq)​ ​and​ ​fixed​ ​airflow​ ​of​ ​25-50​ ​cubic​ ​feet​ ​per​ ​minute​ ​(cfm)​ ​by​ ​means​ ​of​ ​inlet​ ​and 
exhaust​ ​plumbing,​ ​directing​ ​the​ ​air​ ​through​ ​inlet​ ​and​ ​exhaust​ ​filters​ ​(Fig.​ ​3). 

4.3. Exhaust through the GB will travel through the ceiling via 8” flanged spool piece              
(provided by LANL) which will house an inline high-efficiency particulate air (HEPA)            
air filter, with a pressure transducers mounted downstream from the HEPA filter in             
existing ¾” national pipe thread (NPT) ports. Exhaust through the GB-attached volume            
will exit via 2” pipe with in-line ball valve. Pressure drop across this valve will be                
adjusted until it matches the pressure drop across the GB exhaust spool/filter, as             
measured​ ​by​ ​LANL-supplied​ ​analog​ ​pressure​ ​gauges.  

4.4. Custom and original service panels will be used to route control, measurement, and FSS              
(as needed) lines into the GB. These junctions will be sealed by means of thread-seal               
tape​ ​and/or​ ​silicone​ ​caulk.  

4.5. Air-flow, temperature, pressure, and IR sensors will be National Institute of Standards            
and Technology (NIST) traceable (Fig. 3). Thermocouples T​1​, T​2​, and T​3 will be             
mounted inside the GB along the centerline at the heights shown relative to windows &               
glove ports. GB vacuum level and pressure drop across the exhaust filter will be              
measured​ ​using​ ​differential​ ​pressure​ ​sensors​ ​as​ ​indicated​ ​in​ ​Figure​ ​3.  

4.6. As per the test matrix, the candidate FSS will be (installed in the GB as per manufacturer                 
specifications) will be verified for readiness for use and connected to remote control             
lines. Further overlaying the requirements of UL 300 ([4]), installation shall take into             
consideration​ ​the​ ​following​ ​​Installation​ ​Criteria: 

4.6.1. Allow for both the maximum and minimum nozzle heights, with the nozzle            
positioned in the most difficult locations and orientations allowed by the installation            
instructions with respect to complying with the fire extinguishment requirements          
(see​ ​UL​ ​300,​ ​Section​ ​6.1.6). 

4.6.2. To obtain the minimum discharge rate condition, an extinguishing system unit is to             
be assembled using its maximum piping limitations with respect to number of            
fittings and size and length of pipe. The cylinder is to be filled to its rated capacity                 
and the cylinder or gas cartridge pressurized with the expellant gas to the normal              
operating pressure at 70°F (21°C). The cylinder or gas cartridge used for these tests              
is to be conditioned, after charging, for at least 16 hours at the minimum storage               
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temperature prior to the test. As an alternative to conditioning at the minimum             
storage temperature for 16 hours, extinguishing system units that utilize dry           
nitrogen or dry air as an expellant gas are to be tested by under pressurizing the                
cylinder or gas cartridge at ambient temperature to simulate the minimum operating            
temperature​ ​(see​ ​UL​ ​300,​ ​Section​ ​7.5.3). 

4.6.3. Nozzles are to be placed at the most difficult location and orientation allowed by the               
installation instructions with respect to achieving extinguishment (see UL 300,          
Section​ ​7.5.4). 

4.6.4. An extinguishing system unit is to be tested using the maximum coverage            
limitations​ ​specified​ ​in​ ​the​ ​installation​ ​instructions​ ​(see​ ​UL​ ​300,​ ​Section​ ​7.6.4). 

Given that the largest space to protect at LANL using candidate FSS(s) is a that of a                 
large DB, Installation Criterion 4.6.4 will be interpreted to dictate that the largest             
relevant​ ​LANL​ ​DB​ ​geometry​ ​will​ ​be​ ​used​ ​in​ ​the​ ​experimental​ ​design. 

4.7. Under the direction of the designated LANL representative present (hereafter “LANL           
rep”), quantities of flammable liquids limited to facilitate each test will be removed from              
their safe storage location and prepared for the test before incorporation into the GB              
(flammables cabinet in a structure approximately 100 feet from the GB bunker). This             
will ensure that no additional, stored flammable liquids will become involved in a fire              
event if the fire does escape the glovebox and facilitate adequate non-contaminated            
respiratory​ ​air​ ​for​ ​those​ ​transferring​ ​the​ ​flammable​ ​liquid​ ​or​ ​soaking​ ​down​ ​the​ ​cloth. 

4.8. Also under the direction of the LANL rep, the following will be carefully arranged in               
the​ ​GB.​ ​​ ​Locations​ ​will​ ​be​ ​documented​ ​to​ ​allow​ ​repeatability: 

● A​ ​GB​ ​container​ ​instrumented​ ​with​ ​thermocouples. 

● A rack with expanded-metal mesh (see Section 6.2) with one or more pans atop it               
will be included in the GB. A total of approximately 20 one-gallon bags filled              
with rags soaked in a flammable liquid will be arranged on the rack, the pans,               
and/or​ ​on​ ​the​ ​GB​ ​floor.  

● Other combustible items commonly found in GB’s (e.g. lab wipes, hand tools,            
cheesecloth,​ ​wash​ ​bottles,​ ​and​ ​flammable​ ​liquids​ ​(acetone​ ​or​ ​isopropyl​ ​alcohol)). 

● Igniters, in the form of heated nichrome wire coils, will be located in wooden              
cribs, prepared according to UL 1975 specifications and/or attached to other           
combustibles​ ​in​ ​the​ ​GB​ ​to​ ​dictate​ ​the​ ​initial​ ​fire​ ​behavior.  

● Arrangement​ ​shall​ ​be​ ​verified​ ​to​ ​comply​ ​with​ ​UL​ ​300,​ ​Section​ ​6.1.13​ ​([4]):  
Appliances equipped with an attached moveable obstruction or fixed obstruction(s), such as a             
cover, shall be evaluated at worst case fixed obstruction locations in accordance with the              
applicable subsections of Section 6. The appliance model with an integral moveable obstruction or              
fixed obstruction(s) or the appliance model and the model of the device providing the obstruction               
with the corresponding appliance size shall be referenced in the manufacturer’s installation            
instructions. 
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4.9. After setup is otherwise complete, the ignition power cord for the heater wire will be               
removed from the safety lockout and connected to the igniter wires. Immediately            
thereafter, all personnel will leave the bunker containing the GB and enter the adjacent              
bunker​ ​containing​ ​data​ ​acquisition,​ ​monitoring,​ ​and​ ​control​ ​hardware. 

4.10. GB flow and pressure will be remotely verified. If not at target levels, testing will be                
halted​ ​until​ ​the​ ​ventilation​ ​system​ ​is​ ​corrected.  

4.11. Data collection will begin and, upon the direction of both the LANL rep and Safety               
Officer, the fire started remotely by means of the igniter. Data collection shall include              
pressure, temperature, and airflow. Video will also be recorded (see Figure 3 for             
additional​ ​details). 

4.12. In​ ​the​ ​event​ ​that​ ​there​ ​are​ ​no​ ​indications​ ​that​ ​the​ ​heater​ ​wires​ ​functioned: 

4.12.1. All connections will be checked (control bunker only) and another attempt to heat             
the​ ​wire​ ​and​ ​initiate​ ​a​ ​fire​ ​will​ ​be​ ​made. 

4.12.2. If​ ​there​ ​is​ ​still​ ​no​ ​indication​ ​that​ ​the​ ​wire​ ​functioned: 

● A 20-minute wait time or until all temperature measurements in the GB drop             
below at least 60°F (34°C) below the observed auto ignition temperatures of            
combustibles within the GB (see UL 300, Section 6.1.2, [4]). Thereafter,           
permission for personnel to approach the test article will be requested from the             
safety officer. GB active ventilation shall continue throughout the wait time           
and​ ​thereafter. 

● The power cable to the igniters will be removed and isolated in the safety              
lockout. 

● The​ ​crib​ ​and​ ​igniter​ ​will​ ​be​ ​isolated​ ​from​ ​any​ ​flammables​ ​and​ ​inspected. 

4.13. The fire will be monitored and when directed by the LANL rep, the FSS will be                
remotely​ ​deployed. 

4.14. The LANL rep and Safety Officer will determine when the fire is extinguished.             
Thereafter, a 20-minute wait time or until all temperature measurements in the GB drop              
below at least 60°F (34°C) below the observed auto ignition temperatures of            
combustibles​ ​within​ ​the​ ​GB​ ​(see​ ​UL​ ​300,​ ​Section​ ​6.1.2,​ ​[4]).  

4.15. Data​ ​collection​ ​will​ ​be​ ​stopped​ ​at​ ​the​ ​end​ ​of​ ​the​ ​cooldown​ ​period. 

4.16. As necessary, smoke will be vented from the test bunker before entry. At the direction               
of​ ​the​ ​LANL​ ​rep​ ​and​ ​Safety​ ​Officer,​ ​personnel​ ​will​ ​be​ ​allowed​ ​to​ ​re-enter​ ​GB​ ​bunker.  

 

 

5. Test​ ​Matrix: 

Test​ ​# Type​ ​of​ ​Test Purpose Instrumentation Data​ ​Required 
1 FSS FSS,​ ​baseline Provided​ ​​1 NA 
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2 FSS “ “ “ 
3 FSS FSS,​ ​fire​ ​response “ “ 
4 FSS “ “ “ 

 

6. Construction: 

6.1. The​ ​GB​ ​will​ ​be​ ​adapted​ ​for​ ​these​ ​experiments​ ​using​ ​the​ ​test​ ​stand​ ​as​ ​shown​ ​in​ ​Figure​ ​3. 
The​ ​GB​ ​has​ ​an​ ​internal​ ​volume​ ​of​ ​72​ ​ft​3​​ ​(73”​ ​x​ ​60”​ ​x​ ​32.5”,​ ​narrowing​ ​to​ ​26”,​ ​detailed 
geometry​ ​available​ ​upon​ ​request).​ ​​ ​An​ ​additional​ ​volume​ ​(19.7​ ​ft​3​)​ ​constructed​ ​of 
plywood​ ​and​ ​lumber​ ​attached​ ​to​ ​acheive​ ​a​ ​total​ ​volume​ ​equivalent​ ​(91.7ft​3​)​ ​to​ ​that​ ​of​ ​a 
target​ ​DB​ ​at​ ​LANL.​ ​The​ ​attached​ ​volume​ ​will​ ​be​ ​connection​ ​by​ ​a​ ​12”​ ​spool​ ​and 
diameter​ ​to​ ​match​ ​exit​ ​GB​ ​flange.  

6.2. Design​ ​a​ ​rack​ ​with​ ​dimensions​ ​4’​ ​X​ ​2’​ ​constructed​ ​of​ ​a​ ​2”​ ​X​ ​2”​ ​angle​ ​steel​ ​frame​ ​with 
number​ ​8​ ​expanded​ ​metal​ ​grid​ ​standing​ ​20”​ ​inches​ ​off​ ​the​ ​floor​ ​of​ ​the​ ​box. 
Appurtenances​ ​to​ ​the​ ​GB​ ​will​ ​be​ ​supported​ ​by​ ​wood​ ​frame​ ​construction.  

6.3. A​ ​combination​ ​of​ ​LANL​ ​Standard​ ​GB​ ​Service​ ​panels​ ​and​ ​custom​ ​panels​ ​will​ ​be 
installed​ ​in​ ​the​ ​ceiling​ ​and​ ​walls​ ​panels​ ​to​ ​be​ ​able​ ​to​ ​easily​ ​install​ ​the​ ​variety​ ​of​ ​fire 
suppression​ ​systems​ ​to​ ​be​ ​evaluated​ ​(custom​ ​panels​ ​will​ ​be​ ​constructed​ ​of​ ​mild​ ​steel, 
14-gauge​ ​(0.0747”)​ ​or​ ​thicker).​ ​​ ​Numerous​ ​authentic​ ​service​ ​panels​ ​are​ ​already​ ​installed. 
Gaskets​ ​and​ ​minimal​ ​use​ ​of​ ​silicone​ ​caulk​ ​will​ ​be​ ​used​ ​to​ ​ensure​ ​the​ ​system​ ​is​ ​as 
air-tight​ ​as​ ​possible.​ ​​ ​A​ ​custom​ ​hatch​ ​at​ ​the​ ​bottom​ ​of​ ​the​ ​GB​ ​will​ ​allow​ ​access​ ​for 
cleaning​ ​and​ ​placing​ ​fire​ ​test​ ​equipment​ ​and​ ​media​ ​into​ ​the​ ​GB. 

6.4. The​ ​GB​ ​will​ ​be​ ​fitted​ ​with​ ​gloves​ ​and​ ​associated​ ​installation​ ​hardware​ ​by​ ​LANL 
technicians.​ ​​ ​Original​ ​glass​ ​windows​ ​will​ ​be​ ​installed​ ​in​ ​the​ ​original​ ​configuration​ ​with 
the​ ​exception​ ​of​ ​one​ ​type​ ​which​ ​will​ ​be​ ​used​ ​to​ ​as​ ​a​ ​blanking​ ​plate​ ​(additional​ ​detail 
below).  

6.5. Install Fenwal "Detect-A-Fire", Model 27021-0 140°F and 190°F heat detectors in the            
thermal​ ​detector​ ​wells​ ​located​ ​in​ ​the​ ​GB​ ​ceiling. 

6.6. Windows,​ ​gloves​ ​and/or​ ​glove​ ​aperture​ ​blanking​ ​plates​ ​to​ ​be​ ​affixed​ ​to​ ​the​ ​box​ ​per 
fittings​ ​supplied. 

6.7. Install pressure transducers with pressure lines as indicated in Figure 3 to measure GB              
pressure relative to ambient and the pressure drop across the exhaust filter before during              
and​ ​after​ ​the​ ​fire​ ​test. 

6.8. Install thermocouples at locations indicated in Figure 3 to measure temperature profile            
before​ ​during​ ​and​ ​after​ ​the​ ​fire​ ​test. 

6.9. Install​ ​depth​ ​gauges​ ​in​ ​GB​ ​19.7​ ​ft​3​​ ​addition.  

6.10. Install​ ​one​ ​glass​ ​observation​ ​window​ ​with​ ​removable​ ​internal​ ​blanking​ ​plate​ ​(soot​ ​and 
residue​ ​protection)​ ​to​ ​enable​ ​clear​ ​vision​ ​of​ ​GB​ ​interior​ ​and​ ​contents​ ​status​ ​for​ ​the 
duration​ ​of​ ​the​ ​fire​ ​test. 

6.11. A​ ​custom​ ​igniter​ ​consisting​ ​of​ ​nichrome​ ​wire​ ​fabricated. 

Page​ ​8​ ​of​ ​47 



LANL​ ​Glovebox​ ​Fire​ ​Suppression​ ​System​ ​Testing TP-17-63 

6.12. Install​ ​selected​ ​fire​ ​suppression​ ​system​ ​in​ ​GB. 

 

 

Figure 3. ​A schematic representation of the glovebox is given, where critical locations for              
sensors are indicated. One camera will be set back at a distance (C​1​), providing an inclusive                
view of the GB for observing the overall response of the GB to fire and for safety purposes.                  
The remaining cameras will be positioned exterior (just outside of side (C​2​) and top (C​3​)               
windows) to the GB providing video recording coverage of the full interior of the GB.               
Thermocouples are mounted off the side of the glove box interior at the top (T​1​), middle (T​2​)                 
and bottom (T​3​). Pressure gauges will measure the pressure differences across the inlet (P​b​)              
and​ ​exhaust​ ​(P​f​)​ ​filters.  

7. Firing​ ​Detail​ ​Schematic: 

Not​ ​applicable. 

8. Energetic​ ​Materials: 

8.1. Flammable liquids (acetone and isopropanol) will be limited to 500 mL total and stored              
in​ ​sealed​ ​container​ ​​ ​prior​ ​to​ ​ignition. 

9. Instrumentation: 

9.1. ​ ​All​ ​instrumentation​ ​will​ ​be​ ​provided​ ​by​ ​the​ ​Robotic​ ​Interfaces​ ​Lab​ ​(Dr.​ ​Grow)​ ​and 
Dynamic​ ​Deformation​ ​and​ ​Failure​ ​Lab​ ​(Dr.​ ​Kimberley). 

10. Specific​ ​Tools​ ​and​ ​Equipment: 

10.1. Forklift 
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11. Documentation: 

11.1. All​ ​information​ ​will​ ​be​ ​collected​ ​via​ ​transcription​ ​(written​ ​documentation). 

12. Instructions​ ​for​ ​Spill​ ​Cleanup​ ​and​ ​Disposal​ ​of​ ​any​ ​Scrap​ ​and​ ​Waste​ ​A&E: 
(supplements​ ​Attachment​ ​2) 

12.1. Any​ ​Spilled​ ​material​ ​deemed​ ​unusable​ ​will​ ​be​ ​properly​ ​containerized,​ ​labeled​ ​and​ ​stored 
for​ ​later​ ​disposal​ ​in​ ​accordance​ ​with​ ​local​ ​policies​ ​and​ ​procedures. 

13. Specific​ ​Hazards:​ ​(Include​ ​hazards​ ​in​ ​Safety​ ​Data​ ​Sheets​ ​(SDS)) 

13.1. See​ ​MSDS​ ​Forms​ ​in​ ​Attachment​ ​5. 

13.2. Flammable​ ​Liquids​ ​Safety: 

13.2.1. Limit​ ​exposure​ ​to​ ​a​ ​minimum​ ​number​ ​of​ ​personnel,​ ​for​ ​a​ ​minimum​ ​amount​ ​of​ ​time, 
to​ ​the​ ​minimum​ ​amount​ ​of​ ​the​ ​hazardous​ ​material​ ​consistent​ ​with​ ​safe​ ​and​ ​efficient 
operations. 

13.2.2. Personnel​ ​Limits​ ​–​ ​All​ ​non-essential​ ​personnel​ ​will​ ​be​ ​located​ ​in​ ​the​ ​personnel 
shelter​ ​during​ ​all​ ​operation​ ​involving​ ​the​ ​handling​ ​of​ ​energetic​ ​material​ ​unless​ ​prior 
approval​ ​has​ ​been​ ​granted​ ​from​ ​the​ ​Safety​ ​Office.  

13.2.3. Explosive​ ​Limits​ ​–​ ​Flammable​ ​liquids​ ​will​ ​be​ ​stored​ ​in​ ​flammables​ ​cabinets​ ​and​ ​the 
volumes​ ​allowed​ ​in​ ​the​ ​GB​ ​bunker​ ​will​ ​be​ ​limited​ ​to​ ​those​ ​needed​ ​for​ ​a​ ​single​ ​test 
at​ ​any​ ​one​ ​time. 

14. PPE​ ​Required:  

14.1. Eye​ ​protection; 

14.2. Work​ ​and​ ​heat-resistant​ ​gloves; 

14.3. Splash​ ​goggles; 

14.4. Lab​ ​coats;  

14.5. Hardhats​ ​and 

14.6. Eye-wash​ ​station. 

15. Emergency​ ​Procedures: 

General​ ​emergency​ ​procedures​ ​are​ ​listed​ ​in​ ​Attachment​ ​2.​ ​​ ​Additional​ ​procedures​ ​specific​ ​to 
these​ ​experiments​ ​include: 

15.1. Acetone​ ​Spill 

15.1.1. Dilute​ ​with​ ​water​ ​and​ ​mop​ ​up,​ ​or​ ​absorb​ ​with​ ​an​ ​inert​ ​dry​ ​material​ ​and​ ​place​ ​in​ ​an 
appropriate​ ​waste​ ​disposal​ ​container. 

15.1.2. Also​ ​see​ ​Attachment​ ​5,​ ​Acetone,​ ​Section​ ​6  

15.2. Isopropyl​ ​Alcohol​ ​Spill 

15.2.1. Small​ ​Spill:​ ​Dilute​ ​with​ ​water​ ​and​ ​mop​ ​up,​ ​or​ ​absorb​ ​with​ ​an​ ​inert​ ​dry​ ​material​ ​and 
place​ ​in​ ​an​ ​appropriate​ ​waste​ ​disposal​ ​container. 

Page​ ​10​ ​of​ ​47 



LANL​ ​Glovebox​ ​Fire​ ​Suppression​ ​System​ ​Testing TP-17-63 

15.2.2. ​ ​Large​ ​Spill:​ ​Flammable​ ​liquid.​ ​Keep​ ​away​ ​from​ ​heat.​ ​Keep​ ​away​ ​from​ ​sources​ ​of 
ignition.​ ​Stop​ ​leak​ ​if​ ​without​ ​risk.​ ​Absorb​ ​with​ ​DRY​ ​earth,​ ​sand​ ​or​ ​other 
non-combustible​ ​material.​ ​Do​ ​not​ ​touch​ ​spilled​ ​material.​ ​Prevent​ ​entry​ ​into​ ​sewers, 
basements​ ​or​ ​confined​ ​areas;​ ​dike​ ​if​ ​needed.​ ​Be​ ​careful​ ​that​ ​the​ ​product​ ​is​ ​not 
present​ ​at​ ​a​ ​concentration​ ​level​ ​above​ ​TLV.​ ​Check​ ​TLV​ ​on​ ​the​ ​MSDS​ ​and​ ​with 
local​ ​authorities.  

15.2.3. Also​ ​see​ ​Attachment​ ​5,​ ​Alcohol,​ ​Section​ ​6 

16. Proposed​ ​Test​ ​Schedule: 

16.1. Test​ ​Preparation​ ​–​ ​Undetermined​ ​but​ ​no​ ​later​ ​than​ ​30​ ​September​ ​2017. 

16.2. Testing​ ​–​ ​Undetermined​ ​but​ ​no​ ​later​ ​than​ ​30​ ​September​ ​2017. 

16.3. Post​ ​Test​ ​Operations​ ​–​ ​Undetermined​ ​but​ ​no​ ​later​ ​than​ ​30​ ​September​ ​2017. 

17. References: 
1. D.​ ​Grow,​ ​J.​ ​Kimberley.​ ​Evaluation​ ​of​ ​Glovebox​ ​Fires​ ​Involving​ ​Flammable​ ​Liquids​ ​and 

Standard​ ​Glovebox​ ​Tools,​ ​final​ ​report,​ ​Los​ ​Alamos​ ​National​ ​Laboratory,​ ​September​ ​29, 
2016. 

2. D.​ ​Grow,​ ​J.​ ​Kimberley,​ ​R.​ ​Lumia,​ ​and​ ​J.​ ​Wood.​ ​Glovebox​ ​Studies:​ ​Fire​ ​Suppression 
Experiments,​ ​final​ ​report,​ ​Los​ ​Alamos​ ​National​ ​Laboratory,​ ​October​ ​20,​ ​2015. 

3. D.​ ​Grow,​ ​R.​ ​Lumia,​ ​and​ ​J.​ ​Wood.​ ​Water​ ​Intrusion​ ​Effects​ ​for​ ​Glovebox​ ​Gloves,​ ​final 
report,​ ​Los​ ​Alamos​ ​National​ ​Laboratory,​ ​September​ ​24,​ ​2014. 

4. Underwriters​ ​Laboratories.​ ​Fire​ ​Testing​ ​of​ ​Fire​ ​Extinguishing​ ​Systems​ ​for​ ​Protection​ ​of 
Commercial​ ​Cooking​ ​Equipment.​ ​ANSI/UL​ ​300:2005,​ ​rev.​ ​2014.​ ​Northbrook,​ ​IL. 

5. EMRTCR​ ​101,​ ​Health​ ​and​ ​Safety 
6. EMRTCR​ ​102,​ ​Field​ ​Laboratory​ ​Safety 
7. EMRTCR​ ​103,​ ​Industrial​ ​Safety 
8. EMRTCR​ ​201,​ ​Grounding​ ​Procedures 
9. EMRTCR​ ​402,​ ​Emergency​ ​Action​ ​Plan 
10. EMRTCR​ ​403,​ ​Risk​ ​Management 
11. EMRTCR​ ​404,​ ​Hazardous​ ​Waste 

18. Attachments: 
1. Job​ ​Hazard​ ​Analysis 
2. Safety​ ​and​ ​General​ ​Requirements 
3. Site​ ​Closure​ ​Map 
4. Test​ ​Checklist 
5. Safety​ ​Data​ ​Sheets 
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Attachment​ ​1 

 
Job​ ​Hazard​ ​Analysis 
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Attachment​ ​2 

 
Safety​ ​and​ ​General 

Requirements 
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Fire​ ​Sets: 
● The​ ​fire​ ​set​ ​will​ ​have​ ​a​ ​positive​ ​interlock​ ​(e.g.,​ ​key/shorting​ ​device)​ ​which​ ​will​ ​prevent 

the​ ​inadvertent​ ​firing​ ​of​ ​the​ ​system​ ​when​ ​removed. 
● The​ ​Ordnance​ ​Technician/Gunner​ ​will​ ​keep​ ​the​ ​key/shorting​ ​device​ ​in​ ​their​ ​possession​ ​at 

all​ ​times. 
● No​ ​duplicate​ ​keys​ ​or​ ​shorting​ ​devices​ ​will​ ​be​ ​allowed​ ​on​ ​site​ ​at​ ​any​ ​time. 

Hazardous​ ​Waste: 
● The​ ​use,​ ​recovery,​ ​collection,​ ​transport,​ ​and​ ​storage​ ​of​ ​military​ ​munitions​ ​for​ ​Research, 

Development,​ ​Testing​ ​and​ ​Evaluation​ ​(RDT&E)​ ​(e.g.​ ​safety,​ ​developmental​ ​testing, 
surveillance​ ​function​ ​testing,​ ​static​ ​fire,​ ​or​ ​quality​ ​control​ ​or​ ​assurance​ ​testing)​ ​is 
considered​ ​use​ ​for​ ​intended​ ​purpose​ ​and​ ​not​ ​subject​ ​to​ ​regulation​ ​under​ ​Resource 
Conservation​ ​and​ ​Recovery​ ​Act​ ​(RCRA).​ ​(Military​ ​Munitions​ ​Rule​ ​(MMR)​ ​paragraph 
3.B.2.b.) 

● As​ ​long​ ​as​ ​all​ ​excess​ ​energetic​ ​material​ ​is​ ​destroyed​ ​on​ ​site,​ ​and​ ​not​ ​removed​ ​from​ ​the 
test​ ​range,​ ​it​ ​is​ ​not​ ​considered​ ​waste​ ​and​ ​does​ ​not​ ​fall​ ​under​ ​RCRA.​ ​(MMR​ ​paragraph 
10.C.3.) 

● Any​ ​spilled​ ​loose​ ​material​ ​will​ ​be​ ​completely​ ​gathered​ ​up​ ​and​ ​determined​ ​if​ ​the​ ​material 
is​ ​still​ ​usable. 

● If​ ​the​ ​material​ ​is​ ​still​ ​usable,​ ​it​ ​is​ ​not​ ​considered​ ​waste​ ​and​ ​should​ ​be​ ​used​ ​or​ ​stored​ ​as 
applicable. 

● Spilled​ ​material​ ​deemed​ ​unusable​ ​will​ ​be​ ​properly​ ​containerized,​ ​labeled​ ​and​ ​stored​ ​for 
later​ ​disposal​ ​in​ ​accordance​ ​with​ ​local​ ​policies​ ​and​ ​procedures. 

Misfire​ ​Procedures: 
● If​ ​there​ ​are​ ​no​ ​indications​ ​that​ ​the​ ​detonator,​ ​ignitor,​ ​etc.,​ ​initiated,​ ​all​ ​connections​ ​will​ ​be 

checked​ ​(in​ ​the​ ​bunker​ ​or​ ​personnel​ ​shelter​ ​only)​ ​to​ ​ensure​ ​they​ ​are​ ​connected​ ​correctly. 
If​ ​instrumentation​ ​does​ ​not​ ​need​ ​to​ ​be​ ​reset,​ ​then​ ​another​ ​attempt​ ​to​ ​fire​ ​may​ ​be​ ​made. 
The​ ​engineer/test​ ​manager​ ​will​ ​be​ ​consulted​ ​prior​ ​to​ ​attempting​ ​to​ ​fire​ ​again. 

● If​ ​there​ ​is​ ​still​ ​no​ ​indication​ ​that​ ​the​ ​detonator​ ​or​ ​igniter​ ​initiated,​ ​begin​ ​the​ ​applicable 
wait​ ​time​ ​as​ ​stated​ ​below: 

o All​ ​electric​ ​misfires​ ​will​ ​include​ ​a​ ​15-minute​ ​wait​ ​time​ ​before​ ​personnel​ ​are 
permitted​ ​to​ ​approach​ ​the​ ​test​ ​article,​ ​unless​ ​determined​ ​to​ ​be​ ​otherwise. 

o All​ ​non-electric​ ​misfires​ ​will​ ​include​ ​a​ ​30-minute​ ​wait​ ​time​ ​before​ ​personnel​ ​are 
permitted​ ​to​ ​approach​ ​the​ ​test​ ​article,​ ​unless​ ​determined​ ​to​ ​be​ ​otherwise. 

● During​ ​the​ ​wait​ ​time,​ ​the​ ​engineer/test​ ​manager​ ​and​ ​the​ ​ordnance​ ​technician​ ​will​ ​contact 
the​ ​Ordnance​ ​Supervisor​ ​and​ ​Safety​ ​Officer,​ ​or​ ​their​ ​designated​ ​representatives,​ ​to 
inform​ ​them​ ​of​ ​the​ ​misfire​ ​and​ ​to​ ​discuss​ ​troubleshooting​ ​options. 
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Emergency​ ​Procedures: 
● Lightning:​ ​(reference​ ​procedures​ ​in​ ​EMRTCR​ ​104) 

● Fire: 
o If​ ​there​ ​is​ ​a​ ​fire​ ​on​ ​or​ ​near​ ​the​ ​test​ ​pad,​ ​all​ ​personnel​ ​will​ ​evacuate​ ​to​ ​the 

personnel​ ​shelter​ ​immediately​ ​(or​ ​further​ ​depending​ ​on​ ​the​ ​severity​ ​of​ ​the​ ​fire) 
and​ ​the​ ​safety​ ​office​ ​will​ ​be​ ​notified. 

WARNING 
Personnel​ ​WILL​ ​NOT​ ​fight​ ​a​ ​fire​ ​that​ ​could​ ​have​ ​any​ ​remote​ ​possibility​ ​of​ ​involving​ ​explosives. 
 

WARNING 
Personnel​ ​WILL​ ​NOT​ ​fight​ ​a​ ​fire​ ​that​ ​is​ ​located​ ​off​ ​of​ ​the​ ​test​ ​pad.​ ​​ ​There​ ​is​ ​a​ ​strong​ ​possibility 

of​ ​unexploded​ ​ordnance​ ​being​ ​present​ ​off​ ​of​ ​the​ ​test​ ​pad. 

● Unexpected​ ​Explosion:  
o All​ ​personnel​ ​will​ ​immediately​ ​assemble​ ​at​ ​the​ ​personnel​ ​shelter​ ​(or​ ​other 

previously​ ​identified​ ​location)​ ​and​ ​all​ ​personnel​ ​accounted​ ​for; 
o All​ ​personnel​ ​will​ ​be​ ​checked​ ​for​ ​possible​ ​injuries,​ ​first​ ​aid​ ​applied​ ​as​ ​needed, 

and​ ​the​ ​area​ ​inspected​ ​for​ ​remaining​ ​hazards​ ​by​ ​ordnance​ ​personnel; 
o Emergency​ ​Medical​ ​Services​ ​will​ ​be​ ​called​ ​for​ ​assistance,​ ​if​ ​needed; 
o The​ ​safety​ ​office​ ​will​ ​then​ ​be​ ​notified​ ​immediately. 

WARNING 
If​ ​an​ ​explosion​ ​involves​ ​the​ ​Ordnance​ ​Technician​ ​(or​ ​any​ ​other​ ​personnel)​ ​on​ ​the​ ​test​ ​pad, 

personnel​ ​in​ ​the​ ​personnel​ ​shelter​ ​must​ ​make​ ​a​ ​determination​ ​whether​ ​or​ ​not​ ​it​ ​is​ ​safe​ ​to​ ​attempt 
to​ ​treat​ ​or​ ​assist​ ​the​ ​individual​ ​on​ ​the​ ​test​ ​pad. 

Personnel​ ​and​ ​AA&E​ ​Limits: 

● Limit​ ​exposure​ ​to​ ​a​ ​minimum​ ​number​ ​of​ ​personnel,​ ​for​ ​a​ ​minimum​ ​amount​ ​of​ ​time,​ ​to 
the​ ​minimum​ ​amount​ ​of​ ​the​ ​hazardous​ ​material​ ​consistent​ ​with​ ​safe​ ​and​ ​efficient 
operations. 

● Personnel​ ​Limits​ ​–​ ​All​ ​non-essential​ ​personnel​ ​will​ ​be​ ​located​ ​in​ ​the​ ​personnel​ ​shelter 
during​ ​all​ ​operation​ ​involving​ ​the​ ​handling​ ​of​ ​energetic​ ​material​ ​unless​ ​prior​ ​approval​ ​has 
been​ ​granted​ ​from​ ​the​ ​Safety​ ​Office. 

● Explosive​ ​Limits​ ​–​ ​Only​ ​explosives​ ​needed​ ​for​ ​a​ ​single​ ​test​ ​will​ ​be​ ​allowed​ ​on​ ​the​ ​test 
pad​ ​at​ ​any​ ​one​ ​time. 

Indicators​ ​for​ ​Identifying​ ​Abnormal​ ​Process​ ​Conditions:​​ ​​ ​(applies​ ​only​ ​to 
in-process​ ​operations) 

 
Page​ ​16​ ​of​ ​47 



LANL​ ​Glovebox​ ​Fire​ ​Suppression​ ​System​ ​Testing TP-17-63 

Attachment​ ​3 
 

Site​ ​Closure​ ​Map 
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Local​ ​clearance,​ ​close​ ​gate​ ​and​ ​clear​ ​Torres​ ​Firing​ ​Pad 
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Attachment​ ​4 

 
Test​ ​Checklist 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Test​ ​Checklist 
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Test​ ​ID: Date: Time: 

 
Pre-test 

1. LANL​ ​personnel​ ​inspect​ ​gloves​ ​for​ ​damage​ ​&​ ​proper​ ​installation  

2. LANL​ ​personnel​ ​install​ ​gloves​ ​as​ ​needed  

3. Replace​ ​exhaust​ ​filter  

4. Inspect​ ​inlet​ ​filter,​ ​replace​ ​as​ ​needed  

5. Replace​ ​FSS,​ ​as​ ​needed  

6. Place​ ​consumables​ ​on​ ​floor​ ​and/or​ ​metal​ ​rack​ ​of 
glove​ ​box 

Amount  

A. Alcohol-soaked​ ​cheesecloth​ ​in​ ​zippered​ ​bag 
(weight​ ​dry:​ ​​ ​​ ​​ ​​ ​​ ​​ ​​ ​​ ​​ ​​ ​​ ​weight​ ​w/​ ​liquid:​ ​​ ​​ ​​ ​​ ​​ ​​ ​​ ​​ ​​ ​) 

  

B. Metal​ ​rack    

C. Screwdrivers   

D. Hammers/Mallets   

E. Horsehair​ ​brush   

F. Leather​ ​gloves   

G. Kim​ ​wipes   

H. Cotton​ ​rounds   

I. Sandpaper   

J. Poly​ ​bottles   

K.​ ​​ ​​ ​Other:   

L.​ ​​ ​​ ​Other:   

M.​ ​​ ​Other:    

7. Place​ ​and​ ​secure​ ​igniter​ ​nichrome​ ​wire​ ​to​ ​ignition​ ​point   

8. Ensure​ ​thermocouples​ ​(TC’s)​ ​in​ ​prescribed​ ​locations  

9. Seal​ ​glove​ ​box  
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10. Ensure​ ​gloves​ ​are​ ​out​ ​of​ ​box​ ​and​ ​secured​ ​(tied​ ​or​ ​clamped)  

11. Ensure​ ​camera​ ​stands​ ​​ ​and​ ​cameras​ ​are​ ​secured/clamped  

12. Adjust​ ​blower​ ​speed​ ​and​ ​ball​ ​valves​ ​to​ ​obtain​ ​target​ ​flow​ ​rate  

13. Adjust pressure drop across GB addition with ball valve to matches the            
pressure​ ​drop​ ​across​ ​the​ ​GB​ ​exhaust​ ​spool/filter 

 

14. Record​ ​Flowrate​ ​and​ ​pressure​ ​readings​ ​from​ ​Magnehelic​ ​gauges   

15. Ensure​ ​live​ ​collection​ ​from​ ​sensors   

Upper​ ​TC  

Mid​ ​TC  

Lower​ ​TC  

GB​ ​pressure​ ​1  

GB​ ​pressure​ ​2  

Filter​ ​pressure​ ​1  

Filter​ ​pressure​ ​2  

Fenwal​ ​Detect-a-fire  

16. Ensure​ ​cameras​ ​are​ ​on​ ​and​ ​focused  

Glovebox​ ​top​ ​view  

Glovebox​ ​side​ ​view  

Glovebox​ ​IR​ ​camera  

Site/safety​ ​view  

17. Connect​ ​external​ ​FSS​ ​cabling  

18. Obtain​ ​approval​ ​from​ ​LANL​ ​quality​ ​assurance​ ​engineer  

19. Record​ ​ambient​ ​temperature​ ​and​ ​relative​ ​humidity  

20. Set​ ​new​ ​test​ ​name​ ​on​ ​flowmeter  

21. Begin​ ​recording​ ​of​ ​flow​ ​data​ ​and​ ​set​ ​time​ ​zero  

Synchronize​ ​with​ ​hand​ ​timer​ ​by​ ​audible​ ​3-2-1​ ​countdown  
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Turning​ ​on​ ​glove​ ​box​ ​lights,​ ​also​ ​sync’d​ ​to​ ​countdown  

22. All​ ​personnel​ ​must​ ​enter​ ​safety​ ​bunker  

23. Obtain​ ​approval​ ​from​ ​LANL​ ​quality​ ​assurance​ ​engineer  

24. Verify​ ​all​ ​preceding​ ​items​ ​are​ ​checked  

25. Begin​ ​recording​ ​of​ ​data​ ​on​ ​DAQ,​ ​note​ ​stopwatch​ ​time  

Test 
26. Active​ ​set​ ​of​ ​ignitors  

27. Note​ ​time​ ​when​ ​combustion​ ​begins  

27.​ ​Note​ ​time​ ​when​ ​glove​ ​deterioration​ ​evident  

28. Monitor​ ​fire​ ​-​ ​wait​ ​for​ ​for​ ​self-extinguish​ ​until​ ​directed​ ​to​ ​deploy​ ​FSS  

29. Visually​ ​determine​ ​when​ ​the​ ​fire​ ​is​ ​extinguished​ ​and​ ​note​ ​time  

30. Wait​ ​for​ ​the​ ​fire​ ​to​ ​be​ ​visibly​ ​extinguished​ ​GB​ ​and​ ​until​ ​either​ ​20​ ​minutes 
have​ ​lapsed​ ​or​ ​temps​ ​drop​ ​at​ ​least​ ​60°F​ ​(34°C)​ ​below​ ​observed​ ​auto 
ignition​ ​temperatures​ ​of​ ​combustibles 

 

31. Stop​ ​data​ ​collection​ ​and​ ​save​ ​data​ ​files  

32. Safety​ ​officer​ ​will​ ​clear​ ​personnel​ ​to​ ​leave​ ​bunker  

Post​ ​Test 
33. Verify​ ​Pressure​ ​sensors​ ​are​ ​still​ ​operational​ ​by​ ​comparing​ ​to​ ​magnehelic  

34. Open​ ​glove​ ​box  

35. Verify​ ​TC’s​ ​are​ ​functioning​ ​by​ ​comparing​ ​after​ ​GB​ ​begins​ ​to​ ​cool  

36. Photograph​ ​glove​ ​box​ ​interior  

37. Wearing​ ​appropriate​ ​PPE,​ ​collect​ ​samples​ ​of​ ​residual​ ​materials  

38. Wearing​ ​appropriate​ ​PPE,​ ​clean​ ​GB​ ​floor  

39. Remove​ ​spent​ ​FSS​ ​canister,​ ​as​ ​needed.  
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Attachment​ ​5 

 
Safety​ ​Data​ ​Sheets 
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Attachment​ ​6 
 

Tailgate​ ​Briefing 
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NOTE:​ ​​ ​Tailgate​ ​briefings​ ​may​ ​need/have​ ​attachments​ ​from​ ​Ordnance​ ​or​ ​Instrumentation. 
Ensure​ ​all​ ​Tailgate​ ​Briefing​ ​forms​ ​are​ ​available​ ​if​ ​questions​ ​arise.  
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Attachment​ ​7 
 

Reviewed​ ​and​ ​Accepted​ ​List 
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Attachment​ ​8 
 

Revision​ ​Listing 
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Reason​ ​for​ ​revision:  

Engineer​ ​Signature​ ​and​ ​Date: 

Safety:   
Ord

:   Inst:   
Field

:   
Reason​ ​for​ ​revision:  

Engineer​ ​Signature​ ​and​ ​Date: 

Safety:   
Ord

:   Inst:   
Field

:   
Reason​ ​for​ ​revision:  

Engineer​ ​Signature​ ​and​ ​Date: 

Safety:   
Ord

:   Inst:   
Field

:   
Reason​ ​for​ ​revision:  

Engineer​ ​Signature​ ​and​ ​Date: 

Safety:   
Ord

:   Inst:   
Field

:   
Reason​ ​for​ ​revision:  

Engineer​ ​Signature​ ​and​ ​Date: 

Safety:   
Ord

:   Inst:   
Field

:   
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E Tailgate Safety Briefing
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F Experimental Data Sheets

* Note: This document refers to a Test 2, which was aborted. To simplify the presentation of the
results, the aborted test is not referred to in the report. Hence, the data sheet labeled Test 3 herein,
is referred to in the report as Test 2. This offset holds for the successive data sheets.
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