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1 Purpose

This research effort was commissioned to examine factors related to loss of containment due to fire
within a glovebox (GB). Tests consisted of multiple trials with varying initial conditions. Com-
bustible levels and types were chosen to reflect realistic operation conditions (including worst-case
scenarios), involving flammable liquids, GB tools, and other combustible items commonly found in
GBs at Los Alamos National Labs (LANL).

2 Scope

These experiments focus on loss of the GB containment barrier through fire-related loss of a glove,
cracked or lost window, or fire-related failure of the HEPA filter. No radioactive materials are
involved or considered in these experiments. Fires are quantified as to their duration, heat produced,
and peripheral effects on components associated with the GB. The GB environment is quantified
in terms of temperature, pressure, and air flow.

3 Glovebox and Data Acquisition Setup

This section provides a summary of the apparatus used, the measurements made, experimental
procedures, and steps associated with data processing. Additional details are included in the test
plan, which is included in Appendix A.

The GB used in these experiments was provided by LANL (Fig. 1, right). NMT fabricated a test
stand, ductwork, and various minor components required to facilitate the various sensors used. The
resulting apparatus is illustrated in Figure 1 (left).

3.1 Glovebox Preparation
Key details of the GB preparation are:

1. The GB has an internal volume of 72 ft3 and was sealed with a combination of LANL-standard
services panels and custom panels constructed by NMT. Interfaces were sealed using LANL-
standard gasket materials or silicone caulk. Bolts used in affixing panels and windows were
tightened to 25 in-lbs using a LANL-provided, calibrated torque wrench.

2. LANL-standard glass windows were used as view ports for video/image capture, with one
exception; IR images were obtained through a 4” diameter Fluke IR Window incorporated
into a steel blanking plate.

3. Gloves and associated installation hardware were inspected by LANL personnel. For clarity,
the individual ports of GB are numbered as described in Figure 2.

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 (Fantech FG 12 EC, Appendix B).
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5. Air travels into the GB via a sequence of: TSI model 5725 vane anemometer, 3” circular
flange, LANL-supplied Flanders 8” square HEPA filter, through a custom ducta and into a
rectangular panel opening in the lower corner of the GB.

6. The air exits the GB through a sequence of: 8” spool sealed to the GB by means of a neoprene
gasket, LANL-supplied, Flanders 8” round HEPA filter, 2” ball valve, 27, 47, 8" 107, and
12” diameter duct reducers, 12” diameter exhaust line, the inline fans described above, and
finally through the 12” diameter bunker exhaust duct (Fig. 2).

7. Air flow was adjusted to achieve an initial GB vacuum of 0.6 inAq, corresponding to an air
flow of approximately 35-40 CFM.

8. An aerosol-based fire suppression system was installed for emergency use in the event of a
catastrophic fire event.
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Figure 1: Main glovebox and peripheral component setup.
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3.2

Data Acquisition

Sensors were installed, located as indicated in Figure 1 (left), where:

10.

11.

12.

. All sensors used in the experimental apparatus are National Institute of Standards and Tech-

nology (NIST) traceable, except where noted. Calibration sheets are included in Appendix
C.

Thermocouples T1, T2, and T3 (Omega model XC-20-K-120-CAL-3) 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.

. Thermocouple T4 (Omega model XC-20-K-120-CAL-3) was used to measure temperature in

the bunker containing the GB.

A pair of differential pressure transmitters were used to redundantly measure the pressure
drop across the exhaust filter (Dwyer model 648B-05, range 0—2.5 inAq, Fig. 3 (a)).

A pair of differential pressure transmitters were used to redundantly measure the GB interior
pressure relative to ambient pressure (Dwyer model 648B-15, range -1-+1 inAq, Fig. 3 (a)).

For further redundancy, and to accelerate tuning, two analog pressure gauges were installed in
parallel to calibrate the GB pressure drop to approximately 0.5” 4+0.01 inAq gauge pressure
before beginning data acquisition. (Dwyer, model 2302 Magnehelic, non-NIST-traceable,

Fig. 3 (a)).

LANL-provided wells in the ceiling of the GB allowed installation of Fenwal sensors (“Detect-
A-Fire”, Model 27021-0) 140°F and 190°F heat detectors.

A data-logging vane anemometer was sealed to the air inlet and measured flow through the
GB (TSI model 5725, Fig. 3 (b)). Note this measurement assumes no alternate air path,
making this measure inaccurate in the event of a breach.

Three video cameras (Point Grey Grasshopper3d GS3-PGE-23S6M-C) were used to redun-
dantly observe/record the events inside and in the vicinity of the GB during testing.

A thermal imaging camera (FLIR T640) was used in conjunction with an IR Window (Fluke
CV-400 47) installed into a metal plate to provide reference images for object temperatures
in comparison to one another during testing (Fig. 3 (c)).

Relative humidity in the bunker was recorded using a digital humidity sensor (AcuRite, model
00613, non-NIST-traceable).

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



(b)

Figure 3: Sensor details including: (a) custom tubing allows measurement at multiple GB locations
while the lines are protected from soot entering, ultimately terminating at a pressure transducer
panel; (b) vane anemometer; and (c) infrared camera.

3.3

1.

Controlled Fire Trial Set-up

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

. The video camera mounted in the upper window on the short side of the GB was positioned

to entirely capture the GB floor and setup area.

Using a live feed from the camera, an overlay was developed using transparent sheet laid
over the computer monitor in the adjacent bunker and tracing the object placement. This
overlay was used in the successive trails of each condition to ensure consistency of combustible
placement.

Two 22 AWG Nichrome 80 igniter wires were cut to a length of 18.84” and were coiled around
a 5/16-18x1-1/2” screw (Fig. 4).

The igniter coils were connected in parallel to a 12V car battery using alligator clips and
fire-proof wire. The circuit was connected to a relay within a junction box and remained in
the normally off position until activated from the control room.

The igniter coils, alligator clips, and any singed wires were replaced for each successive trial.

. A portion of the GB floor was covered with aluminum foil to facilitate faster cleanup. A

thin-wire basked was placed atop this to assist in the arrangement of combustibles.

Combustibles and associated components were prepared and installed according to the exper-
imental plan.

Figure 4: Ignitors were prepared from 22 AWG Nichrome wire.



3.4 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 adjacent to another, wherein personnel and instrumentation/control hardware were located
during testing. A strict protocol was established to ensure that the experimental plan was followed
closely without variation, relying upon a detailed checklist (Appendix A). Critical test parameters
and a record of key events was made using an LANL-approved data sheet (Appendix D). After
each experiment, data were saved to multiple locations, the GB was cleaned, and inspected.

Figure 5: Test location at EMRTC. Here, a pair of bunkers housed the GB and personnel.



4 Glovebox Combustibles

Eleven unique configurations of standard GB combustibles (Tables 1-4) were determined by LANL-
representative Ralph Clayton (Certified Fire Protection System Engineer and LANL Cognizant Fire
System Engineer) and categorized as Conditions 1-11. For all but one condition, three trials were
run, with the combustible layout and combustible quantity unchanged between trials (Fig.6). The
combustibles in each trial were placed in a manner simulating where items might be located during
actual GB use (i.e. leather gloves were placed between the GB gloves as opposed to on the opposite
side of the GB, as this would be an accessible location during actual GB use). The first several
conditions were set up to resemble what were predicted to be worst-case scenarios in terms of
combustible placement. Later conditions were then arranged to identify arrangements for which
combustibles might not support a fire capable of breaching the GB.
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Table 1: Glovebox Consumables Used.

Combustible

Mass

Image

Half-package
Cheesecloth
(717 x 87)
Brand: Pure Acres
Farm

1.090z (15.5g)

Horsehair Brush
Brand: Quickie
Jobsite

9.2807 (263g)

Lab Wipes
Brand: Kimtech

5.570z (158g)

XL Leather Gloves
Brand: Wells
Lamont

2.50z (72g) ea.
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Table 2: Glovebox Consumables Used (cont.).

Consumable

Mass

Image

Oak Dowel (3ft.)

5.960z. (169g)

Power Cord (3ft.)
Brand: HDX

2.60z (74g)

Rubber Mallet
Brand: Pittsburgh

19.9 oz. (564g)

Sheet of Sandpaper
(9"x11”)
Brand: 3M

0.50z (2g)
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Table 3: Glovebox Consumables Used (cont.).

Consumable

Mass

Image

Screwdriver
Brand: Pittsburgh

3.350z. (95g)

Permanent Marker
Brand: Sharpie

0.330z. (9.3g)

Polymer Tubing
Brand: Tygon

9.740z. (276g)

250mL Wash Bottle
Brand: Nalgene

1.270z. (36g)

13




Table 4: Glovebox Consumables Used (cont.).

Combustible Mass Image

500mL Wash Bottle

Brand: Nalgene 1.730z. (49g)

1000mL Wash Bottle

Brand: Nalgene 3.770z. (107g)

Sealable Plastic Bag

Brand: Ziploc 300z (8.6g)

To a significant extent, the particular layouts chosen were informed by two sets of preliminary ex-
periments. The first of these preliminary experiments were conducted to evaluate the response of
glove material specimens subjected to a range of thermal environments in order to determine the
levels of thermal exposure that could cause rupture of specimens of the same material /thicknesses
utilized in the full-scale experiments. The details of these experiments are presented in Appendix
E. The results indicate that Hypalon gloves of 15 mil and 30 mil thickness begin to decompose
and may rupture when exposed to temperatures greater than 500 °F. The second set of preliminary
experiments focused on determining the combustion properties (e.g., ignition temperature) of var-
ious items commonly found in LANL gloveboxes. The details of these experiments are presented
in Appendix F. From these tests, the combustibles that were readily ignitable and or burned at
temperatures high enough to affect glove integrity (i.e., >500 °F) were identified to be: cotton,
leather gloves, polypropylene bottles, sandpaper, spray cleaner bottle, mallet heads, horsehair, and

14



(a) Condition 01 Trial 1 (b) Condition 01 Trial 2 (¢) Condition 01 Trial 3

Figure 6: Example of condition repeatability between trials.

sandpaper.

For all tests, shop towels were placed beneath the igniter coils to encourage the presence of an
initial flame. Except where noted, the bag containing “unused” cheesecloth wetted with isopropanol
alcohol was placed directly above the coils, serving as the primary combustible, and is therefore
hereafter frequently referred to as the “ignition bag”. Preparation of these bags was based on an
LANL limits for isopropanol in GBs. This was provided as 38 cc per 100 ft® of interior volume.
Given that the GB used in these experiments has an volume of 72 ft3, this was reduced to 27 cc.
Two-thirds of the allowable isopropanol (19 cc) was used to wet the “new” cheesecloth, which was
left in the original folded (compact) state. One third of the allowable (8 cc) was used to wet the
“used” cheesecloth, which was unfolded and wadded (Fig. 7). These quantities of alcohol were
weighed using a precision digital scale and added immediately before each trial (14.44g and 6.08g).
This assumes a density of 0.76 g/cc was determined on site using the same scale: 388 g for 500 mL.
A 125 mL squeeze bottle held an additional 125 mL of isopropanol. Other squeeze bottles were
prepared as follows: one 500 mL left empty; two 250 mL, filled to 3/4 volume with water (Fig. 7).

Test results are categorized by Conditions 01-11 in the section that follows. Results include: pres-
sure, temperature, air flow, and thermal detector data along with optical and IR images.

5 Fire Setup Conditions and Results

Results for each trial, organized by condition, are included in the subsections that follow. Roughly,
the conditions are ordered from more to less severe fires, not in the order they were actually executed.
Key results are highlighted in Table 5. Comprehensive before and after images associated with each
condition are also included Appendix G.

For the purposes of this report, we define a breach as an opening, of any size, that creates a

15



Figure 7: Glovebox combustibles including the prepared “ignition bags”, wire basket, and the
squeeze bottles marked according to their preparation.

pathway for air to travel into or out of the GB, other than by means of the inlet and exhaust lines.
It follows that a small breach might not result in loss of the GB containment barrier.

5.1 Condition 01

Layout

The combustible materials identified in the previous section were placed on the floor of the glovebox
in locations represented schematically in Figure 8. Readily combustible materials such as cotton
rounds, sandpaper, a polypropylene bottle partially filled with alcohol, and lab wipes were placed
in close proximity to the ignition source to draw the fire towards the open steel canister. Other
combustibles which were not expected to ignite as readily, such as the horsehair brush and mallet,
were also placed between the ignition source and canister to test whether they could sustain a flame
during a particularly robust fire and supply a steady flame to the steel canister. Gloves from ports
9, 10, 23, and 24 were pulled into the GB, simulating having two adjacent GB workers leaving both
sets of glove in an active GB environment. An image of the actual layout before commencement of
each trial is shown in Fig. 9.

16
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F. Leather Glove L. Spray Cleaner

Figure 8: Combustibles layout for Condition 01.

Results

Data obtained during the three trials of Condition 01 are presented in Figure 10. The ignitors were
activated at time t = 0 s, and the temperature began to increase after some combustible materials
in the GB ignited. For Trial 1, a breach occurred at ¢ = 68 s, as indicated by the sudden changes in
pressures (Fig. 10(d)) and an associated drop in flow rate (Fig. 10(g)). At the time of the breach
for Trial 1, the highest measured temperature in the GB was approximately 100°F, and neither of
the heat detectors had activated. After breach, the temperature inside the GB continued to rise
due to the burning of combustibles as well as the gloves themselves and the 140°F thermal detector
did eventually activate. Similar behavior is observed in the other trials of this condition. The 190°F
heat detector activated only during Trial 3. In all three trials, the final GB vacuum was essentially
lost (no more than 0.02 inAq )

Ultimately, two of the four gloves left inside the GB were breached for all trials, and the majority
of the glove attached to port 10 was consumed in each case, as can be seen in the postmortem
images of Figure 11. This Figure also shows that the open steel canisters failed to prevent the
flames interacting with the ignition bags within the canister (note the burned/charred material in
(a) and (b)). In Trials 1 and 2, The combustion of the Port 10 glove served as a bridge for the fire to
involve the wetted cheesecloth within the canister. Postmortem images of many of the combustible
materials and gloves are presented in Appendix G.
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Figure 9: The state of the GB prior to the fire for Condition 01 is shown for each of the three
associated trials (a—c).
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Figure 10: Condition 01 results: temperature and Fenwal activation (a—c), pressure (d-f), and air
flow (g-i) are shown for each of three trials.
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Figure 11: The state of the GB after the fire for Condition 01 is shown for each of the three
associated trials (a—c).
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5.2 Condition 02

Layout

The layout of the combustibles for this condition may be seen in Figures 12 and 13. This layout
featured many of the more readily combustible items placed just outside the mesh basket containing
from the ignition bags. Less readily combustible items (wooden dowel and extension cord) were
placed further away, simulating a typical arrangement during actual GB usage. Again, Port 9, 10,
23, and 24 gloves were pulled into the GB.
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Alc.: H

F C L <Air Inlet]

[ | [ | [ [ |
Legend

. Ignition Bag G. Push Rod i i Wire Mesh Basket

. Sand Paper  H. Horsehair Brush ¢ ® Igniter Coils

A

B

C. Screwdriver 1. Scale Cord

D. Mallet J—CottonReunds
E
F

. Poly Bottle K. Lab Wipes
. Leather Glove L. Spray Cleaner

Figure 12: Combustible Layout for Condition 02. Cotton rounds were excluded.

Results

Data obtained during the three trials of Condition 02 are presented in Figure 14. The ignition bag
readily ignited and the resulting fire spread quickly. The gloves in Ports 10 and 24, which were near
to the “used” cheesecloth, breached in each of the three trials while the combustibles on the other
side of the GB were less involved. A localized increase in air flow was again seen to accelerate the
fire at the time and location of glove breach. This resulted in significant burning of the combustibles
and gloves near Ports 10 and 24, as seen in left side of images in Fig. 15 (a—c).
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Figure 13: The state of the GB prior to the fire for Condition 02 is shown for each of the three
associated trials (a—c).
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Figure 15: The state of the GB after the fire for Condition 02 is shown for each of the three
associated trials (a—c).
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5.3 Condition 03

Layout

The primary difference between Condition 03 and 02 was the ignitor locations. One was placed in
direct contact with the underside of a horsehair brush, both placed atop a shop towel. The other
ignitor was placed in contact with a bag of “new” cheesecloth. The bag of “used” cheese cloth was
placed a short distance away, next to the rubber mallet. In question was the ability of the fire to
spread to and involve this bag and/or ultimately produce a fire of relatively long duration before
self extinguishing. The layout of the combustibles for this condition may be seen in Figures 16 and
18.

E Ae oH D A G EEmptv

F C ------------- |_ e <Air Inletl

Legend
A. Ignition Bag G. Push Rod i i Wire Mesh Basket
B. Sand Paper H. Horsehair Brush ® ® Igniter Coils

C. Screwdriver 1. Scale Cord

D. Mallet J—Cettep-Rounds

. Poly Bottle K. Lab Wipes

Leather Glove L. Spray Cleaner

mm

Figure 16: Combustible Layout for Condition 03. Cotton rounds were excluded.

Results

Data obtained during the three trials of Condition 03 are presented in Figure 17. The horsehair
brush did not support significant combustion. In Trial 1, the ends of the horsehair brush burned, but
self-extinguished before ever producing a visible flame. The bag of “new” cheesecloth consistently
produced flame that spread to other combustibles. In two of the three trials, significant glove
involvement was observed (Fig. 19).
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Figure 17: Condition 03 results: temperature and Fenwal activation (a), pressure (b), and air flow
(c) are shown for each of three trials.
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Figure 18: The state of the GB prior to the fire for Condition 03 is shown for each of the three
associated trials (a—c).

Figure 19: The state of the GB after the fire for Condition 03 is shown for each of the three
associated trials (a—c).
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5.4 Condition 04

Layout

Condition 04 involved the same steel canister used in Condition 01 along with a second steel canister.
Both canisters contained ignition bags of used alcohol soaked cheesecloth and a lid was placed on
top of each. Sandpaper on top of a shop towel was used as the point of contact with the ignitors in
front of both steel canisters. For this condition two new items, sharpie markers and flexible polymer
tubing, were also introduced. Unlike the prior conditions, only two gloves (Ports 9 and 10) were
left in the GB. The layout of the combustibles for this condition may be seen in Figures 20 and 22.

<éir Inletl
Legend

A. Ignition Bag G. Push Rod M. Sharpies

B. Sand Paper  H. Horsehair Brush, N Flexible Tubing

C. Screwdriver 1. Scale Cord i i Wire Mesh Basket

D. Mallet J—CettonRounds : : Steel Container (Closed)
E. Poly Bottle K. Lab Wipes ¢’e Igniter Coils

F. Leather Glove L. Spray Cleaner

Figure 20: Combustible Layout for Condition 04. Cotton rounds were excluded.

Results

Data obtained during the three trials of Condition 04 are presented in Figure 21. The ignitors did
produce fire on the sandpaper, which spread readily to the tubing, but not past the steel canisters
in front of the sandpaper. While the fire was unable to engage the ignition bags within the closed
steel containers, sufficient heat transfer occurred between the container and the bags, melting of
the plastic. The tubing readily caught flame when ignited though the flame was prevented from
traveling along the length of the tubing as the tubing melted in on itself. The glove located in Port
9 directly over the fire was breached in each trial (Fig. 23).
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Figure 21: Condition 04 results: temperature and Fenwal activation (a), pressure (b), and air flow
(c) are shown for each of three trials.
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Figure 22: The state of the GB prior to the fire for Condition 04 is shown for each of the three
associated trials (a—c).

Figure 23: The state of the GB after the fire for Condition 04 is shown for each of the three
associated trials (a—c).
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5.5 Condition 05

Layout

Condition 05 followed the pattern of the prior two, investigating other ignitor locations. Here, a
horsehair brush (bristles down) and mallet were arranged in contact with the ignitors. Crumpled
cheesecloth was placed beneath the brush and mallet to encourage a flame. Readily igniting com-
bustibles including cotton rounds, lab wipes, sandpaper, and the polypropylene bottle of alcohol
were placed near the brush and mallet. The bags containing cheesecloth were placed further away
from the rest of the materials to gauge the potential distance a produced flame could spread. The
two gloves in Ports 23 and 24 were tied outside the GB for this trial to simulate the presence of a
single GB worker. Finally, the polypropylene bottle was placed near the hand of the Port 9 glove
as opposed to the left side of the glove as the glove hand appeared to more readily ignite in the
prior trials. The layout of the combustibles for this condition may be seen in Figures 24 and 26.

E
EAch Water
............. I | Voo I
C Water
]
F' He DK A% Emw
C New
L <Air Inlet|
| | | ] [ | |
Legend
A. Ignition Bag G. Push Rod i i Wire Mesh Basket

B. Sand Paper H. Horsehair Brush ® ® Igniter Coils

C. Screwdriver 1. Scale Cord
D. Mallet J. Cotton Rounds

E. Poly Bottle K. Lab Wipes
F. Leather Glove L. Spray Cleaner

Figure 24: Combustible Layout for Condition 05.

Results

Data obtained during the three trials of Condition 05 are presented in Figure 25. While the crumbled
cheesecloth beneath the mallet and brush ignited, the brush and mallet themselves did not support
a flame. The the bristles of the horsehair brush sustained a light amount of scorching but did not
burn due to the density of the hairs preventing a sufficient flow of oxygen. The rubber head of the
mallet appeared to not transfer heat enough to threaten the wooden handle of the mallet or other
nearby combustibles (Fig. 27).
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Figure 25: Condition 05 results: temperature and Fenwal activation (a), pressure (b), and air flow

(c) are shown for each of three trials.
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Figure 26: The state of the GB prior to the fire for Condition 05 is shown for each of the three
associated trials (a—c).

Figure 27: The state of the GB after the fire for Condition 05 is shown for each of the three
associated trials (a—c).
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5.6 Condition 06

Layout

Condition 06 again used the horsehair brush and mallet as the combustibles in contact with the
ignition coils. The two screwdrivers were adjusted from the previous condition, one being placed
by the horsehair brush and the other outside of the wire mesh basket by the wooden handle of the
mallet. The two gloves in Ports 9 and 10 were again left within the GB. Finally, the polypropylene
bottle with alcohol was moved approximately 6 inches way from the Port 9 glove hand to test
whether it would still engage with the glove in the case of a fire. All of the other combustibles were
placed as in Condition 05. The layout of the combustibles for this condition may be seen in Figures
28 and 30.

Air Inlet
Legend

A. Ignition Bag G. Push Rod ™ Wire Mesh Basket
B. Sand Paper H. Horsehair Brush ® ® Igniter Coils

C. Screwdriver 1. Scale Cord
D. Mallet J. Cotton Rounds

E. Poly Bottle K. Lab Wipes
F. Leather Glove L. Spray Cleaner

Figure 28: Combustible Layout for Condition 06.

Results

Data obtained during the three trials of Condition 06 are presented in Figure 29. Condition 06,
like Condition 05 , did not produce a sufficient flame to spread to surrounding combustibles. The
ignitors only singed the mallet handle and tips of the horsehair brush. The horsehair brush required
a larger flame to sustain a fire that could spread to other combustibles. The mallet proved to be a
poor ignition source for a large fire. The Hypalon gloves were never involved (Fig. 31).

34



400 : : : : : : : : : 0.1 45
——-Low
> 40
350 —oMid ] o
—— High -
800 :\z:%bF 0.1
—_ —— 140°| -0.
w ——-190°F 5 3 ?
[ <] < =
250 - =
Iy ° c 25
5 2 = 02 &
® 200 2 e <20
3 ] H
o ] @ 03 2 5
£ 150 2 o ic
2 o 10
04
100
— 5
50 1o 05 ,
o . . . . . . . . . 06 5
20 40 60 80 100 120 140 160 180 200 50 100 150 200 0 50 100 150 200 250 30¢
Time (s) Time (s) Time (s)
400 . . . . . . . : : 0.42 45
——-Low
350 M|, 0.44 40
—— High 5
300 i -0.46
- .
'él-/ ——-190°F 5 3 = *
o 250 3 T 048 S
g g £ g
® 200 2 L o5 <20
o 5 =
[ = [7] o
o © 7] 2 15
£ 150 2 0 052 ic
o
- o 10
100 054
— 5
50 10 Exh Filter 0
- GB Press
o . . . . . . . . . 058 5
20 40 60 80 100 120 140 160 180 200 50 100 150 200 0 50 100 150 200 250 30C
Time (s) Time (s) Time (s)
400 ! ! ! : : : : : : 0.38 45
——-Low
350 ——Mid |, 0.4 a0
—— High
35
300 /:Tob 0.42
— —— 140° — 30
& ——-190°F 5 T 0.44 .
250 S < S
o ° c 25
5 o < 046 %
® 200 2 e =20
o 5 =
@ - ® 048 3
o © 7] 2 15
£ 150 [} o [re
o T & 05
2 10
100
-0.52 5
0
50 -0.54 0
0 . . . . . . . . . 0.56 5
20 40 60 80 100 120 140 160 180 200 50 100 150 200 0 50 100 150 200 250 30C
Time (s) Time (s) Time (s)

(a)

(b)

(c)

Figure 29: Condition 06 results: temperature and Fenwal activation (a), pressure (b), and air flow
(c) are shown for each of three trials.
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Figure 30: The state of the GB prior to the fire for Condition 06 is shown for each of the three
associated trials (a—c).

Figure 31: The state of the GB after the fire for Condition 06 is shown for each of the three
associated trials (a—c).
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5.7 Condition 07

Layout

Condition 07 continued to investigate whether or not GB combustibles other than the ignition bags
could start and sustain a GB fire. Because neither the mallet or horsehair brush were able to
sustain a hazardous fire, the box of lab wipes and the empty polypropylene bottle were placed in
contact with the ignition sources (both of these had proved ignitable, with a sustained flame during
preliminary testing and early GB fire trials). The polypropylene bottle of alcohol was placed above
the box of lab wipes and the cotton rounds to see if a fire would be capable of jumping from the
ignition source to a flammable combustible via common cleaning supplies. The other combustibles
were moved to a closer proximity of the ignition source to determine whether a flame could travel
from these combustibles to a GB glove. The two gloves in Ports 9 and 10 were left within the GB.
The layout of the combustibles for this condition may be seen in Figures 32 and 34.

E EWater
.......................... Moy B Aua I
D JK H G
BEEs .« K: A
LCC MRty New
Air Inlet
| | | | | [ |

Legend
A. Ignition Bag G. Push Rod i i Wire Mesh Basket

B. Sand Paper  H. Horsehair Brush ¢ ¢ Igniter Coils

C. Screwdriver 1. Scale Cord
D. Mallet J. Cotton Rounds
E. Poly Bottle K. Lab Wipes
F. Leather Glove L. Spray Cleaner

Figure 32: Combustible Layout for Condition 07.

Results
Data obtained during the three trials of Condition 07 are presented in Figure 33. The coils melted

into the polypropylene bottle in Trial 3, but no flame was generated. Neither the Port 9 or 10 gloves
breached in any of the trials (Fig. 35).
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Figure 33: Condition 07 results: temperature and Fenwal activation (a), pressure (b), and air flow
(c) are shown for each of three trials.
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Figure 34: The state of the GB prior to the fire for Condition 07 is shown for each of the three
associated trials (a—c).

Figure 35: The state of the GB after the fire for Condition 07 is shown for each of the three
associated trials (a—c).
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5.8 Condition 08

Layout

Condition 08 continued the use of various combustibles as the point of contact with the ignition
coils. The first ignitor had sandpaper placed under it with the pair of screwdrivers placed on top
of the coil. The second ignitor also had sandpaper placed under and had the pair of leather gloves
placed on top. The steel canisters were reintroduced to hold the ignition bags. The steel canister in
front of the Port 10 glove was surrounded by the majority of the combustibles including the wipes,
the mallet, and sharpie markers. The second steel canister had the horsehair brush placed next to
it. The wooden dowel was placed across the hairs of the horsehair brush and between the wipes
and polypropylene bottle to test whether it would act as a bridge for the fire across the GB in the
case of a fire. The gloves in Ports 9 and 10 were left in the GB. The layout of the combustibles for
this condition may be seen in Figures 36 and 38.

F'B EEIB < Air Inlet|
T I 1 [ |

Legend

A. Ignition Bag G. Push Rod M. Sharpies

B. Sand Paper H. Horsehair Brush i i Wire Mesh Basket

C. Screwdriver 1. Scale Cord 1 Steel Container (Closed)
D. Mallet J—Cotton-Reunds o ¢ Igniter Coils

E. Poly Bottle K. Lab Wipes

F. Leather Glove L. Spray Cleaner

Figure 36: Combustible Layout for Condition 08. Cotton rounds were excluded.

Results

Data obtained during the three trials of Condition 08 are presented in Figure 37. This condition
did not result in any sustained fire. The leather gloves failed to ignite due to the lack of oxygen able
to flow under the leather gloves. While the coil in contact with the screwdrivers melted the handle,
the melting of the plastic over the coil seems to have prevented further oxygen flow (Fig. 39) and
prevented ignition.
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Figure 37: Condition 08 results: temperature and Fenwal activation (a), pressure (b), and air flow
(c) are shown for each of three trials.
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Figure 38: The state of the GB prior to the fire for Condition 08 is shown for each of the three
associated trials (a—c).

(b) ()

Figure 39: The state of the GB after the fire for Condition 08 is shown for each of the three
associated trials (a—c).
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5.9 Condition 09

Layout

For Condition 09 gloves attached to ports 5, 6, 9, and 10 were placed in glove port covers. The
combustibles were then all placed in a dense configuration near these ports, with focus on investi-
gating the ability of the port covers to prevent a breach in the case of a very robust fire. Along with
easily ignited combustibles like lab wipes and sandpaper, the polypropylene bottle with alcohol and
Tygon tubing were also placed near the ignitors. Additionally a pile of burnt GB gloves was placed
a few feet away from the ignitors to observe if these would become involved in a robust fire. This
condition modeled a nearly worst-case scenario in terms of combustible layout in which a GB might
occur, placing highly combustible combustibles in close proximity to one another. The layout of
the combustibles for this condition may be seen in Figures 40 and 42.

I [ [ ]
EWater
Ewater
Eopty AUsed
J
/;N L 0
E PKCC \ E
K;}: rag - Air Inlet
FA:B'T BAF,
L1 [ I [ | [ |
Legend .
A. Ignition Bag G. Push Rod M. Sharples .
B. Sand Paper H. Horsehair Brusr.N:\ Flexllble Tubing
C. Screwdriver 1. Scale Cord O. Partially Burned GB Gloves
D. Mallet J. Cotton Rounds P Nitrile Gloves
E. Poly Bottle K. Lab Wipes i.; Wire Mesh Basket
F. Leather Glove L. Spray Cleaner : : Steel Container (Closed)

® ¢ Igniter Coils

Figure 40: Combustible Layout for Condition 09.

Results

Data obtained during the three trials of Condition 09 are presented in Figure 41. The large as-
sortment of readily lammable combustibles allowed for the fire to readily spread to less readily
flammable combustibles such as the horsehair brush (Fig. 43). The glove attached to Port 10 was
breached in each of the three trials. The robust fire resulted in a cracked port window in two of the
three trials and also reached high enough to damage the gloves in Ports 5 and 6 above Port 9 and
10. Though the Port 10 glove was breached, the puncture was small and the port cover restricting
the size of the effective breach such that GB vacuum was maintained to a significant degree (0.2
inAq, on average).
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Figure 41: Condition 09 results: temperature and Fenwal activation (a), pressure (b), and air flow
(c) are shown for each of three trials.
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Figure 42: The state of the GB prior to the fire for Condition 09 is shown for each of the three
associated trials (a—c).

Figure 43: The state of the GB after the fire for Condition 09 is shown for each of the three
associated trials (a—c).
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5.10 Condition 10
Layout

Condition 10 was only run for a single trial. For this condition an array of readily igniting com-
bustibles were placed around the ignition coils. These combustibles included nitrile gloves, lab
wipes, sand paper, sharpie markers, and a horsehair brush. An open steel canister with an ignition
bag was placed next to these combustibles to see how well it could prevent damage to the ignition
bag from sustained heat during a robust fire. For this condition the gloves were again placed in
port covers and a pile of burned gloves was placed a few feet away from the ignition location. The
layout of the combustibles for this condition may be seen in Figures 44 and 46 (a).
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A. Ignition Bag G. Push Rod M. Sharpies
B. Sand Paper H. Horsehair Brush N~ Flexible Tubing
C. Screwdriver I. Scale Cord O. Partially Burned GB Gloves
D. Mallet J. Cotton Rounds P, Nitrile Gloves
E. Poly Bottle K. Lab Wipes i..i Wire Mesh Basket
F. Leather Glove L. Spray Cleaner i+ Steel Container (Open)

&’s |gniter Coils

Figure 44: Combustible Layout for Condition 10.

Results

Data obtained during under Condition 10 are presented in Figure 45. While a substantial fire was
produced, there was no apparent breach. The combustibles near the ignitor were able to sustain a
fire which significantly burned both the horsehair brush as well as the handle of the rubber mallet
(Fig. 46 (b)). A significant reduction in GB pressure is shown in the pressure trace, but this may
have been due to exhaust filter packing, in turn decreasing the air flow in the GB. Additional trials
under this condition were not conducted, as perturbations were requested by LANL personnel,
creating Condition 11.
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Figure 45: Condition 10 results: temperature and Fenwal activation (a), pressure (b), and air flow
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Figure 46: The state of the GB prior to (a) and after (b) the fire for Condition 10 is shown.
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5.11 Condition 11

Layout

Condition 11 included two steel canisters with alcohol-soaked cheese cloth. These containers re-
mained closed for the duration of the trials. An ignition coils were placed under a pile of 20g of loose
wipes in front of each container. For Trials 2 and 3 a bridge of loose lab wipes was laid between
the ignitors so that a flame on either side would spread to the other side. A square of sandpaper
and a screwdriver were placed next to each container and the polypropylene bottles, including the
bottle with alcohol were placed between the containers. The gloves were placed in port covers and
were retracted from the GB working environment to simulate a situation in which workers had
already left the GB and some ignition source was left active. The layout of the combustibles for
this condition may be seen in Figures 47 and 49.

E, |
D ................ E -
i F EEJ R
A A, e
Bl HCBIA
3 -"h. - -'-\-_ at ik
]C sl ik e 'ﬁglr Inlat
- 1 L1 L1 :
Legend ......
A. Ignition Bag G. Push Rod Wire Mesh Basket
B. Sand Paper H. Horsehair Brush i Steel Container (Closed)
C. Screwdriver I. Scale Cord e e |gniter Coils
D. Mallet J. Cotton Rounds
E. Poly Bottle K. Lab Wipes

F. Leather Glove L. Spray Cleaner

Figure 47: Combustible Layout for Condition 11.

Condition 11 Results

Data obtained during the three trials of Condition 11 are presented in Figure 48. Fire damage was
prarily to sandpaper and lab wipes, which had been placed in contact with the ignitors (Fig. 50).
In part, it appears the locations of the metal containers prevented the flames from scattering across
the GB floor and resulted in the flame quickly self-extinguishing. A breach was observed in Trail 1
(Port 10), but not in the other two trials.
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Figure 48: Condition 11 results: temperature and Fenwal activation (a), pressure (b), and air flow
(c) are shown for each of three trials.
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Figure 49: The state of the GB prior to the fire for Condition 11 is shown for each of the three
associated trials (a—c). Note that the containers, in some cases were opened and/or emptied at the
discretion of safety officer before the photo was taken.

Figure 50: The state of the GB after the fire for Condition 11 is shown for each of the three
associated trials (a—c).
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5.12 Data Summary Table

In the following table, the included variables are defined as follows:

e Glove State: the state of gloves installed in Ports 9, 10, 23 and 24. Gloves attached to all
other ports were tied or clamped out.

e (Can State: when used, whether the cans were open or covered with lid.
e Flame: time at which flame was first visible.
e Breach: time at which a breach is evident upon review of the GB pressure data.

e 140 det.: activation time 140°F thermal detector. In some cases, the detector may have
activated, deactivated after temperature drop, and reactivated again later. Only the first
activation time is listed.

e 190 det.: activation time 190°F thermal detector.

e {;: time when maximum temperature was observed on the low thermocouple.

e T7: maximum temperature was observed on the low thermocouple.

e ), time when maximum temperature was observed on the middle thermocouple.
e T, maximum temperature was observed on the middle thermocouple.

e {y: time when maximum temperature was observed on the upper thermocouple.
e Ty maximum temperature was observed on the upper thermocouple.

e P, initial GB pressure.

e Pgy: final GB pressure.
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6 Conclusions
Key findings from these experiments include:

e The potential for robust fires involving only standard GB tools and combustibles was observed,
especially when flammable-liquid-soaked materials were involved.

e Both 15 mil and 30 mil Hypalon gloves, when directly exposed to the fire were breached.
Moreover, once ignited, they were significant contributors to GB fires.

e Tying gloves outside the GB is not sufficient to prevent a breach when a robust fire exists.

e The use of port covers did not have an evident effect in preventing glove breach compared to
tying them outside the GB. They did, however, assist in reducing airflow into the GB in the
event of a breach.

e All fires eventually appeared to self-extinguish.

e Flammable-liquid-wetted items, lab wipes, markers, the flexible hose and Hypalon gloves were
observed to be significantly consumed in/contribute to some fires. Other combustibles and
tools tended to not get fully involved in the fire and readily self-extinguished.

e The fire did not spread to other piles of combustibles when separated by approximately 6
inches, even though the piles may have included flammable-liquid-soaked materials in open
bags.

e In the majority of cases where a glove breach occurred, this came before fire detection by
either the 140 or 190°F Fenwal Detect-a-Fire thermal detectors, installed within a thermal
detector well, activated.

e The 140°F Fenwal Detect-A-Fire thermal detector, installed within a thermal detector well,
did not activate until at least 15 seconds after an ambient temperature of 140°F was recorded.

e The 190°F Fenwal Detect-A-Fire thermal detector, installed within a thermal detector well,
did not activate until an ambient temperature over 300°F was recorded.

e The localized influx of air created by the breach was shown to locally intensify the fire.

The results of these experiments may provide data that could be used when fire hazards evaluations
(FHEs) are conducted for determining when to require a fire suppression system to be installed
within a GB (as required by NFPA 801, Standard for Facilities Handling Radioactive Materials |
DOE Standard 1066-2012 Fire Protection and American GB Society (AGS) Standard AGS G-101
Standard on GB Fire Protection).

Interpretation of pressure and air flow data after GB breach (e.g. to assess exhaust filter packing)
must take into consideration two artifacts of the breach. First, after a breach occurs, the air flow
reading becomes inaccurate as other (non-measured) pathways for air ingress originate. Secondly,
the fans are controlled to maintain the desired fan speed; however, the resulting airflow depends
on load. Upon breach, one source of a pressure drop is significantly bypassed (across inlet filter),
increasing air flow and thus the measured pressure change across the exhaust filter.
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7 Recommendations

Given the observed robust fires resulting from some of the conditions explored herein, it is recom-
mended that:

e Non-containerized flammable liquids be limited in quantity within the GB.

e Methods for containerizing or segregating other readily combustible materials (e.g. lab wipes,
markers, and poly hose) should be explored.

e GB gloves are stored outside of the GB - either tied or otherwise constrained.
e The performance of non-Hypalon gloves during GB fires should be explored.

e Fire suppression or inert atmospheres be considered where administrative controls cannot
ensure compliance with the above.

e A more immediate and sensitive method of fire detection be used in conjunction with fire
suppression systems when installed.
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LANL Glovebox Fire Studies TP-16-30

1. Test Overview/Summary:

1.1.

The necessity to install fire suppression systems (FSS’s) in gloveboxes (GB’s) is under
investigation. The hazards associated with a fire depend on many material and human
factors. Tests will consist of multiple trials with variations in the type, quantity, and
arrangement of contained consumables as well as variables related to airflow in the GB.
These tests will focus on scenarios that are severe, but bounded and informed by existing
practices at LANL to yield the most conservative and comprehensive fire test plan to suit
Los Alamos National Labs (LANL) requirements. Parameters varied in these
experiments will include:

B GB air flow

@ GB vacuum level

@ Type, quantity, and arrangement of consumables

E  Arrangement of consumables relative to GB gloves

Details of planned measurements are included hereafter. The focus of this work relates to
the time the data collection and analysis is to establish:

B GB conditions match target levels

B  Timeline of GB fire progression versus key events including fire ignition,
triggering of heat detectors, glove breach, etc.

m  Temperature distribution within the glovebox over time
B Relationship between fire size and temperatures at various locations

B How above can be used to evaluate thermal detector response.

2. Location of Test: (Include location test and test preparation activities)

2.1

Torres Compex, 2-ton bunker (Fig. 1).

3. Sequence of Steps / Procedures:

3.1.
3.2.

3.3.

3.4.

See Attachment 2 for checklist.

The GB will incorporate a fixed negative pressure differential of '/a - 3/4 inches of water
column (inAq) and fixed air flow 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).

Exhaust 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 34” national
pipe thread (NPT) ports.

Custom and original service panels will be used to route control and measurement lines
into the GB. These junctions will be sealed by means of thread-seal tape and/or silicone
caulk.

Page 3 of 47




LANL Glovebox Fire Studies TP-16-30

3.5. Air-flow, temperature, pressure, and IR sensors will be National Institute of Standards
and Technology (NIST) traceable (Fig. 3). Thermocouples T, T, and T, 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.

3.6. Air flow will be controlled using an electric fan installed along the exhaust path and
monitored using a flow sensor installed along the inlet path (prior to air heating and
contamination.

3.7. 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.

3.8. Consumables arranged on the GB floor (or elevated rack), which include tools
commonly found in GB’s (e.g. mallet, screwdriver, cheesecloth, wash bottles, flammable
liquids (acetone or alcohol), horsehair brush, wooden push rod, lab wipes, leather gloves,
sandpaper, and cleaning spray), will be ignited by means of a heated nichrome wire.
This wire will be attached to a sealed bag containing solvent-soaked cheesecloth.

3.9. After setup is essentially complete, the power cord for the heater wire will be removed
from the safety lockout and connected. Immediately thereafter, all personnel will leave
the bunker containing the GB and enter the adjacent bunker containing data acquisition
and control hardware.

3.10. From the control bunker, the data acquisition will be started and thereafter, the fire
started by means of the nichrome wire.

311. The fire will be monitored until it self-extinguished, creates a GB breach by burning a
hole in a glove (or otherwise), or is deemed to have reached a dangerous level. In the
event of the last case, the fire will be extinguished by first, cutting air flow to the GB,
and if needed by deploying the installed FSS (Stat-X aerosol agent).

3.12. The Stats-X FSS will be mounted in the top center of the glovebox.

3.13. Quantitative measurements of pressure, temperature, and airflow will be made during
testing using instrumentation prepared by Dr. Grow, NMT Mechanical Engineering
Department.

314. Between two and four cameras will be used to observe/record the events inside the
glovebox during testing. One camera will be set back at a distance, providing an
inclusive view of the GB for observing the overall response of the GB to fire and for
safety purposes. The remaining camera(s) will will be positioned exterior to the GB
providing video recording coverage of the full interior of the GB (or key areas, windows
and fields of view TBD).

3.15. As necessary, smoke will be vented from the test bunker before entry.
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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 LANL-supplied GB, installed at NMT attached to an NMT-constructed stand,
which will be used to conduct the experiments detailed in this plan.
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Figure 3. Glovebox Schematic (not to scale). Shown are the planned locations of three

thermocouples (T,, T,, T;) which measure temperature at various heights, pressure-sensing

lines (P, and P). The GB vacuum will be measured by comparing ambient (P,, not shown)

relative to P, and exhaust filter pressure drop will be measured using P; relative to P,. Also

shown are the locations of other key components. Grayscale cameras will provide a wide
view (C,) of the GB and a view of the GB floor (C,). An infrared camera will be used to
measure temperatures in the GB from a side view (C,). Not shown are the FSS and Fenwal
heat detectors which are installed near the center of the GB ceiling.

5. Test Matrix:

Test # Type of Test Purpose Instrumentation | Data Required | Filter Type®
1-3 Fire C1", E1" Provided NA
4-6 Fire C1, E2 « “
7-9 Fire C2,E1 “ «

10-12 Fire C2,E2 « “

13-15 Fire C3,E1 « “

16-18 Fire C3,E2 « “

* Consumables Arrangement 1 (likewise for other arrangements); “Environment 1 (air flow / vacuum,
likewise for other selections); T Instrumentation will be provided by the Robotic Interfaces Lab (Dr.
Grow); *alternatives to quality-assured LANL inlet and exhaust filters may be considered.

6. Construction: (Includes tables, stands, excavations, building erections etc.)
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6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

6.7.

6.8.

6.9.

The GB will be adapted for these experiments using the test stand as shown in Figure 1.
The GB has an internal volume of 72 ft (73” x 60” x 32.5”, narrowing to 26”, detailed
geometry available upon request).

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.

The GB will be fitted with gloves and associated installation hardware by LANL
personnel. 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).

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.

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

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. '

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

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.

Install selected fire suppression system in GB.

7. Energetic Materials:

7.1.

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

Instructions for Spill Cleanup and Disposal of any Scrap and Waste A&E:
8.1.

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

Indicators for Identifying Abnormal Process Conditions: (Include observations that

indicate something did not occur as planned or expected)
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9.1. The GB fails to achieve the target flow rate and pressure. If this occurs, testing will
be halted until the ventilation system is corrected.

9.2.  The heater wire fails to initiate a fire.
10. Misfire Procedures: (Include test specific procedures along with the following)

10.1. If there are no indications that neither the primary nor secondary (backup) heater wires
functioned, all connections will be checked (control bunker only) to ensure they are
connected correctly and another attempt to heat the wire and initiate a fire will be
made.

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

| A 15-minute wait time will be observed before personnel are permitted to
approach the test article.

| GB active ventilation shall continue throughout the wait time and thereafter.

| The power cable to the ignitors will be removed and isolated in the safety lockout.

| The heater wire circuit will be isolated from any flammables and inspected.

11. Instrumentation:

11.1. The Robotic Interfaces Lab will provide instrumentation for the experiments, which
will include pressure, temperature, air flow and heat detector measurements (Figure 3)

11.2. Measurement and Test Equipment (M&TE) usage log

M&TE Number:

Manufacturer; Date Last Calibrated:

Item Name: V Calibration Expiration Date:
Serial Number: M&TE Owner:

Model Number:

12. Specific Hazards: (Include Safety Data Sheet energetic hazards and any hazards
associated with the test itself)

12.1. Falling tools/objects.

12.2. Burning of the body from ignited flammable mixture.
12.3. Lung damage from inhaling acetone vapors.

12.4. Eye damage from acetone if splashed into eyes.

12.5. Fragmentation caused by over-pressurization of the GB.

13. Emergency Procedures:
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13.1. Lightning:

@A If lightning is observed or detected within 7 miles, operations will be prepared to
be shut down in the event the storm approaches to within 5 miles.

B If lightning is detected within five 5 miles, all personnel will seek shelter
immediately for a minimum of 30 minutes, and until 30 minutes after the last
lightning strike outside 5 miles.

13.2. Fire:

[ ] If there is a fire on or near the test pad (outside of the GB), 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.

13.3. Unexpected Explosion:

| All personnel will immediately assemble at the personnel shelter (or other
previously identified location) and all personnel accounted for;

| All personnel will be checked for possible injuries, first aid applied as needed,
and the area inspected for remaining hazards by ordnance personnel;
| Emergency Medical Services will be called for assistance, if needed;
| 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.

13.4. First Aid Measures;

B See Attachment 4, Acetone SDS, Section 4.

B  Review these hazards and procedures during tailgate meeting.
13.5. Acetone Spill

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

CAUTION
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When cleaning up a spill, the use of splash goggles, lab coat, gloves and vapor respirator should
be used as necessary.

14. PPE Required: (Include setup, test and post-test operations)

14.1.
14.2,
14.3.
14.4.
14.5.
14.6.
14.7.
14.8.
14.9.

Hearing protection;

Eye protection;

Work gloves; for mechanical/hotwork
Splash goggles;

Lab coats;

Vapor respirators;

Safety-toed shoes;

Hardhats and

Eye-wash station.

15. Personnel and A&E Limits:

16.

15.1.

15.2.

15.3.

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 — 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.

Specific Tools and Equipment Permitted for Use: (Includes power tools, heavy
equipment, Fire Sets, etc.)

16.1.

Forklift.

17. Documentation: (Includes video, reports, etc.)

17.1. All information will be collected via transcription (written documentation).
18. Schedule:

18.1. Test Preparation — Undetermined but no later than 30 September 2016

18.2. Testing — Undetermined but no later than 30 September 2016

18.3. Post Test Operations — Undetermined but no later than 30 September 2016
19. Budget:

19.1. $15,000

20. Job Hazard Analysis (JHA): See Attachment 1
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21. Site Closure: TBD

22. References: See Attachment 8

23.

SOP 101, EMRTC Health and Safety Program

SOP 102, EMRTC Field Laboratory Safety

SOP 103, Industrial SAfety

SOP 104, Electrical Storm Procedures

SOP 401, Industrial Security Standard Practice Procedures
SOP 402, Emergency Action Plan

SOP 403, EMRTC Risk Management

Attachments.

N A WNE

Job Hazard Analysis

Test Checklist

Data Sheet

Site Closure Map

Safety Data Sheets

Tailgate Briefing

Revision List

Standard Operating Procedures
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Attachment 1

Job Hazard Analysis
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Attachment 2

Test Checklist
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Test Checklist
Test ID: Date: Time:

1. LANL personnel inspect gloves for damage& proper ihsf;'illation |

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 of glove box Amount

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

B. Sand-paper

C. Screwdrivers

D. Hammers/Mallets

E. Poly bottles

F. Leather Gloves

G. Polypropylene Rod

H. Horse hair brush

I. Benchtop scale components

J. Markers

K. Cotton Rounds

L. Kim Wipes

7. Place and secure igniter nichrome wire to ignition bag

8. Ensure thermocouples (TC’s) in prescribed locations
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TP-16-30

9.

Seal glovebox

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.

Record Flowrate and pressure readings from Magnehelic gages

14,

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

15.

Ensure cameras are on and focused

Glovebox top view

Glovebox side view

Glovebox IR camera

Site/safety view

16.

Connect external FSS cabling

17.

Obtain approval from LANL quality assurance engineer

18.

Record ambient temperature and relative humidity

19.

Set new test name on flowmeter

20.

Begin recording of flow data and set time zero

Synchronize with hand timer by audible 3-2-1 countdown
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TP-16-30

Turning on glove box lights, also sync’d to countdown

21. All personnel must enter safety bunker

22, Obtain approval from LANL quality assurance engineer

23. Verify all preceding items are checked

. Begin recording of data on DAQ, note stopwatch time

ctive primary/secondary ignitors

26. Note time when combustion begins

27. Note time when glove deterioration evident

8. 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 10 minutes after fire is visibly extinguished GB to cool

31. Safety officer will clear personnel to leave bunker

32.

Verify Pressure sensors are still operational by comparing to magnehelic

33. Open glovebox

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

35. Photograph glove box interior

36. Wearing appropriate PPE, collect samples of residual materials

37. Wearing appropriate PPE, clean GB floor

38. Remove spent FSS canister, as needed.
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Attachment 3
Test Data Sheet
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Attachment 4

Site Closure Map
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Site Closure Map

Local clearance, close gate and clear Torres Firing Pad
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Attachment 5

Safety Data Sheets
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Seience Lab

Chernicals & Laboratory Equipment

TP-16-30

Personal
Protection

Material Safety Data Sheet
Acetone MSDS

~ Section 1: Chemical Produ

ctand Company Identification

Product Hame: Acetone

Catalog Codes! SLAIS02, SLAIEB4S, SLA31S1, SLAJBS
CAS#: 67-64.1

RTECS: AL3150000

TSCA: TSCA 8(b) inventory: Acstone

Cig: Not applicable.

Synonyms: 2-propanone; Dimethyl Ketone;
Dimethyiformatdehyde,; Pyroacetic Acid

Contact Information:

Sciencelab.com, Inc,
14025 Smith Rd.
Houston, Texas 77396

US Sales: 1-800-901.7247
International Sales: 1.281-441-4400

Order Onlfine: Sciencelab.com

CHEMTREC {(Z4HR Emiergency Telephone), call:
1-800-424-9300

nternational CHEMTREC, call; 1-703-627-3887

Chemical Name: Acetong
Chemical Formula: C3-HE-O

For non-emergency assistance, call: 1-281-441-4400

: 'nd'1hf§rﬁxatiﬁ§'bﬁiing:ediéﬁts

Composition:
e e | ChsE : - ‘% bﬁﬁ e,id,h{ I
Aestone [ 67.64.1 [ 100

Toxicological Data on Ingredients: Acstone: ORAL (LDSO): Acute: 5800 malkg [Ratf]. 3000 mg/kg [Mouse]. 5340 mglky
{Rabbit]. VAPOR {LC50): Acute: 50100 mgim 8 hours {Rat]. 44000 mg/m 4 hours [Mouse].

potentinf Acute Health Effects:
Hazardous in case of skin contact {irritant), of eye contaet (iritant), of ingestion, of inhalation. Shghtly hazardous in case of
skin contact (permeator).

potential Chronic Health Effects:

CARCINOGENIC EFFECTS: A4 {Not classifiable for human or animal.) by ACGIH. MUTAGENIC EFFECTS: Not available.
TERATOGENIC EFFECTS: Nol available, DEVELOPMENTAL TOXICITY: Classified Reproductive systemioxinfemale,
Reproductive systemfloxin/male [SUSPECTED]. The subsiance is toxic to central nervous system {CNS). The substance may
Be toxit to kidnieys, the reproductive system, liver, skin. Repeated or prolonged exposura to the substance can produce target
organs damage.

" Section4:FirstAidMeasures
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Eye Contact:
Check for and remove any contact lenses, (mmediately flush eyes with running water for al lsast 15 minules, keeping eyelids
open. Cold water may be used. Get medical attention,

Skin Contact:

in case of contact, immediately fiush skin with plenty of water. Cover the irntated skin with an emoliient. Remove contaminated
slothing and shoss, Cold watet may be used Wash clothing before reuse, Thoroughly clean shoes before reuse, Get medical
attention.

Serious $kin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-hacterial tream. Seek medical attention.

Inhalationt
if inhated, remove to fresh air. If not breathing, give artificial respiration, If breathing is difficult, give oxygen. Get medical
attention if symploms appear.

Serious Inhatation:

Evacuate the vietin to a safe area as soon as possible. Loosen tight clothing such as a colfar, tie, belt or waistband, if
breathing is difficull, administer oxygen, i the vicim s not breathing, perform mouth-{o-niouth resuscitation. Seek medical
attention,

Ingestions
Do NOT induce vomiting uniess directed to do so by medical personnel, Never give anything by mouth to an yngonscious
person. Loosen tight clothing such as & collar, tie, belt or walstband, Get medical attention if symptoms appaar.

Serious Ingestion: Not available.

“Seclon 5 Fieand ExplosionData

Flammability of the Product: Flammable.

Auto-lgnition Temperature: 465°C (868°F)

Flash Points: CLOSED CUR .20°C («4°F). OPEN CUP: .8°C (15.8°F) (Cleveland).

Flammabie Limits: LOWER: 2.6% UPPER: 12.8%

Products of Combustion: These products are carbon oxides {CO, COZ}.

Fire Hazards in Presence of Various Substances: Highly flammable in presence of open flames and sparks, of heat.

Explosion Hazards in Presence of Various Substances:
Rigks of explosion of the product in pregsencs of mechanieal impact: Not available. Siightly explosive in presence of open
flames and sparks, of oxidizing matedals, of acids.

Eire Fighting Media and Instructions:
Flammable liquid, soluble or dispersed in water. SMALL FIRE: Use DRY chental powder. LARGE FIRE: Use alcohol foam,
water spray or fcg.

Special Rerarks on Fire Hazards: Vapor may travel considerable distance to source of ignition arnd flash back.

Special Remarks on Explosion Hazarde:

Forms explosive mixtures with hydrogen peroxide, acelic acid, nitric acid, nitric acid + sulfuric acid, chromic anydride, chromyl
chioride, nitrosyl chioride, hexachloromelamine, nitrosy! perchiorate, nitryl perchlorate, permonosulfuric acid, thiodiglycol +
hydrogen peroxids, potassium ter-butoxide, sulfur dichioride, 1-methyl-1,3-butadiene, bromoform, carbon, air, chloroform,
thitriazyiperchlorate.

T Section 6: Accidental Release Measures

Small Spilf:
Bitute with water and niop up, or absorb with an inert dry material and place in an appropriate waste disposal confainer.
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Large Spitl:

Flammable fiquid. Keep away from heat. Keep away front sources of ignition, Stop leak if without risk. Absorb with DRY earth,
sand of other non-combustible material, Do not touch spiifed material, pravent entry into sewers, bassments or confined
arens; dike if needed, Be careful that the product is not presant at a concentration level above TLY. Check TLY on the MSDS
and with local authorities,

T Section7: Handiing and Storage

Precautions:

Keep locked up., Keep away from heat, Keep away from sources of ignition. Ground all equipment containing materdal. Do
not ingest. Do not breathe gasfumes/ vaporfspray. Wear suitable protsctive clothing. In case of insufficient ventilation, wear
suitable respiratory equipment. I ingested, seek medical advice immediately and show the container or the label, Avoid
contact with skin and syes. Keep away from incompatibles such as oxidizing agents, reducing agents, acids, alkalis.

Storage:

Store in & segreqated and approved ares (flammables area) . Keep container In a cool, welbventilated area. Kesp confainer
tightly closed and sealed untit ready for use. Keep away from direct sunlight and heat and avold all possible sources of igmition
{spark or flane}.

S - A s

_ section 8: Exposure Controls/Personal Protection

Engineering Controls:
Provide exhaust ventilation or other engineering controls to keep the alrborne concentrations of vapors below their respective
thrashold imit value. Ensure that eyewash stations and safety showesrs are proximal to the wosk-station location.

Personal Protection;
Splash goggles. Lab coat. Vapor respirator, Be sure to use an appravedicertified respirator or equivalent. Gloves.

Personal Protection in Case of a Large Spilly

Splash goggles. Full sull. Vapor respirator. Boots. Gloves. A seif contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not tye sufficlent; consult a specialist BEFORE handiing this
product.

Exposure Limits:

TWA: 560 STEL: 750 {(ppm} from ACGIH (TLV) [United States] TWAI 780 STEL: 1000 (ppm) from OSHA (PEL) [Uniled
States] TWA: 500 STEL: 1000 {Austalia] TWA: 1185 STEL: 2375 {mg/md) [Australia] TWA: 750 STEL: 1500 (ppm} {United
Kingdom (UK)] TWA: 1810 STEL: 3620 (mg/m3) {United Kingdom (UK)] TWA: 1800 STEL: 2400 from OSHA (PEL} [United
States]Consult local authorities for acceptable exposure limits,

Tand Chemical Properties

Physical state and appearance; Liquid.
Gdor; Fruity. Mintlike, Fragrant. Ethereal
Taste: Pungent, Sweelish

Molecular Weight: $8.08 gimole

Colors Coloriess, Clear

pH {1% solnlwater): Not available.
Boiling Point: 56.2°C (133.2°F)

Melting Point: -65.38 (-130.6°F)

Critical Temperature: 235°C (465°F)
Specific Gravity: 0.79 (Water = 1)
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Vapor Pressure: 24 kPa (@ 20°C)

Vapor Density: 2 (Alr= 1)

Volatitity: Not available.

Odor Threshold: 62 ppm

Water/Oil Dist. Coeff.s The praduct is mote soluble in water, log(oliwater) = 0.2
lonicity {in Water): Not available.

Dispersion Properties: See solubility in water.

Solubility: Easily soluble in cold water, hot water.

. section 1,0:.:St‘abili&ahdkéaéﬁ'\)ity'ﬂatafi; L

Stability: The product is stable,

Instability Temperature: Not available,

Conditions of Instability: Excess heat, ignition sources, exposure to moisture, air, or waler, incompalible materials,
Incompatibility with various substances: Reactive with oxidizing agents, reducing agents, acids, alkalls.
Corrosivity: Non-corrosive in presence of glass.

Special Remarks on Reactivity: Not available.

Special Remarks on Corrosivity: Not available.

Polymerization: Will not acour,

i

" Section 11: Toxicological Information

Routes of Entry: Absorbed through skin. Dermal contact. Eye contact. inhalation.

Toxicity to Animalsy
WARNING: THE LCE0 VALUES HEREUNDER ARE ESTIMATED ON THE BASIS OF A 4.HOUR EXPOSURE. Acute oral
}g)xicity (LDS0}): 3008 mgfkg [Mouse]. Acute toxicity of the vapor (LCS0Y: 44000 mg/m3 4 hours {Mousel.

Chronic Effects on Humans:

CARCINOGENIC EFFECTS: A4 (Not classifinble for human of animal.) by ACGIH, DEVELOPMENTAL TOXICITY: Classified
Reproductive systemitoxinifemale, Reproductive systemftoxinimale {SUSPECTED]. Causes damage to the following organs:
central nervous system (CHS), May cause damage to the foliowing organs: kidneys, the repraductive system, lver, skin.

Other Toxic Effects an Humans:
Hazardous in case of skin contact Girritant), of ingestion, of jnhaiation. Slightly hazardous in case of skin contact {permeator).

$pecial Remarks on Toxicity to Animals: Not available.

$pecial Remarks on Chronic Effects on Humans:

May affect genetic material (mutagenicity) based on studies with yeast (S. cerevisiae), bacteda, and hamster fibroblast cells.
May cause reproductive effects {fertility) bassd upon animal studies. May contain trace amounts of benzene and formaldehyde
which may cancer and birth defacts, Human: pagses the placental batrier.

$pecial Remarks on other Toxic Effects on Humans:

Acute Potential Health Effects: Skin: May cause skin irfitation. May be harmiut if absorbed through the skin. Eyes: Causes
eye iritation, characterized by a buming sensation, redness, tearing, inflaramation, and possibile corneal injury. Inhalation:
Inhatation at high concentrations affects the sense organs, Brain and causes respiratory tract inifation. it also may affect the
Ceniral Nervous System (behavior) characierized by dizzness, drowsiness, confusion, headache, muscle weakeness, and
possibly motor incoordination, speech abnormalities, narcotic effects and coma. Inhalation may also affect the gastrointestingl
tract (nausea, vomiting). Ingestion; May cause irritation of the digestive {gastrointestinal) tract (nauses, vomiting). if may also
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affect the Central Nevous System (hehavior), characletized by depression, fatigue, excitement, stupor, coma, headache,
altered sleep fime, ataxla, fremors as well at the blood, tiver, and urinary system (kidney, bladder, ureter) ard endocring
system, May also have musculoskeletal effects. Chronic Potential Health Effects: Skin: May cauge dermatitis, Eyes: Eye
irritation.

T section 1% Ecological information

Ecotoxicity:
Ecotoxicity in water (LCSOY: 5540 mg# 96 hours [Trout]. $300 ma/! 96 hours {Bluegill]. 7500 mg/l 96 hours [Fatihead Minnow].
0.1 ppus any hours [Water flea).

B8ODE and COD: Not available.

Products of Biodegradation:
Possibly hazardous short lerm degradation products are not likely. However, long tem degradation products may arige.

Toxicity of the Products of Biodegradation: The product itself and s products of degradation are not foxic,
Spesial Remarks on the Products of Biodegradation: Not avalable.

Waste Disposal
Waste must be disposed of in accordance with federal, state and local environmental control regulations.

" Section 14: Transportinformation

DOT Classificationt CLASS 3: Flammable liquid.
dentification: : Acetone UNNA: 1080 PG: H
Special Provisions for Transport: Not available.

" Section 15: Other Regulatory Information

Federal and State Regulations:

Califomia prop. §5: This product contains the following ingredients for which the State of California has found to cause
reproductive harm (male) which would require a waming under the statute: Benzene California prop. 85: This product contains
the following ingredients for which the State of Califomia has found to cause birth defects which would require a warning under
the statute: Benzene California prop. 65: This product contains the following ingredients for which the State of California bas
found to cause cancer which would require a watning under the statute: Benzene, Formaldehyde Connecticut hazardous
material survey.: Acetone lllinois toxic substances disclosure to employee act: Acetone lifinois chemical safety act: Acetane
New York release reporting list: Acetone Rhode lsfand RTK hazardous substances: Acefonie Pennsylvania RTK: Acetone
Florida: Acetone Minnesota: Acetone Massachusetls RTK: Acetone Massachusetts spill list: Acetonie New Jersey: Acetone
New Jersey spill list: Acetone Louisiana spill reporting: Acetone California Lis! of Hazardous Substances (8 CCR 339)
Acetons TSCA 8(b) inventory: Acetone TSCA 4(a) final test rules: Acetone TSCA 8{a} IUR: Acetane

Other Regulations:
OSHA: Hazardous by definition of Hazard Comnwnication Standard {28 CFR 1910.1200), EINECS: This product is on the
European Inventory of Existing Commercial Chemical Substances.

Other Classifications?

WHHMIS (Canada):
CLASS B-2: Flammable Hiquid with a flash point lower than 37.8°C {(100°F). CLASS D-2B: Malerial causing other toxic effects
{TOXIC}.
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DSCL (EEC):
R11{- Highly flammable. R38« Irritating to eyes. 59- Keep container in a well-ventilated place. 516- Keep away from sources of
ignition « No smoking. $26- In case of contact with eyes, rinse immediately with plenty of water and seek medical advice.

HMIS {(U.S.A)
Health Hazard: 2
Fire Hazard: 3
Reactivity: 0
Personal Protection: h
National Fire Protection Association {U.S.Aj:
Health: 1
Flammiabitity: 3
Reactivity: 0
Specific hazard:

Protective Equipment:

Gloves. Lab coat, Vapor respirator. Be sure to use an approved/ceriified respirator or equivalent. Wear appropriate respirator
when ventilation is inadequate. Splash goggles.

e A ettt et S T e T

- Section 16: Other mfarmation o

References:

-Material safety data sheet issued by: la Commission de la SantA® etde la SA@cunitA® du Travall du QuA®bes. -The Sigma-
Aldrich Library of Chemical Safety Data, Edition L. -Hawley, G.G.. The Condensed Chemical Dictionary, 11e ed., New York
N.Y., Van Nostrand Relnold, 1887. LOLI, RTECS, HSDB databases. Other M5DSs

Other Special Considerations: Not available.
Created; 1001072005 08:13 PM
tast Updated: 05/21/2013 12:00 PM

The information above is believed fo be accurate and represents the best information currently available fo us, However, we
make no warranty of merchantabilify or any other warranty, express orimplied, with respect to such information, and vie assume
no liability resulting from s use, Users should make their own investigations to determine the suitabliity of the information for
their particujar purposes. In no event shaff Sciencelab.com be liable for any claims, losses, or damages of any third party or for
fost profils or any special, indirect, incldental, consequentiol or exemplaty damages, howsoever arising, even if Sciencelab.com
has been advised of the possibility of such damages.
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LANL Glovebox Fire Studies TP-16-30

LECTRONICS

1801 Morgan Strest M&DS Number: 276
Rockford, 1L 61102 Revision Date: 01/29/2013
Phone: (815} 968-9661 Supersedss Date: 02/18/2010

Fax:  (815)968-9731
www.geslectronles.com

MATERIAL SAFETY DATA SHEET
Complies with OSHA Hazard Communication Standard 29 CFR 1910.1200

Product Narme: SILICONE SEALANT/ADHESIVE

SECTION 1. PRODUCT AND COMPANY IDENTIFICATION

Product Typs: Solvent Refease Adhesive RTV Emergency Contact: Chemtrec
Product Name: SILICONE SEALANT/ADHESIVE  Phone: (800) 424-9300
Part Number{a): 19-158

19459
HMIS III RATINGS
Health: 1
Flanmmability: ]

Physical Herard: t

HIMIS uses & numbering seale ranging from () 1o 4 fo indicate the degree of hazard. A value of Zérs means that the
sutbstance posseases essentially no hazard: a rting of four indicates ligh hazard,

SECTION 2. COMPOSITION

Single of Pixtire: Mdwe
Chendes denlilication: Otganopolysilarane minture

Harard Component{sY{CAS NO.J: No hazardous maledals pregent
{Ben Settisn 8 of this 34508 ke Expodure Culdeling)

SECTION 3. HAZARDS IDENTIFICATION

Harards Clasificstian: None (bassd oh 140}
Hat aradd bl o

Fire and Explos} fer, Fa vaill burn i involved in 8 Bre.
Potential Health Effect
Inhelstion: Viapor pay causs diowainess, injure bleod and liver, sd may iritate sy, nose mnd thoat

ﬁuﬁcommﬁondm;aﬁmummdpfmﬂuimvmmy:amﬂgﬁkﬁmmmﬁm
Eyot:nmacﬁmmtactwmmmmo&wmihmpmmaymum@htmmmefe&
Ingsation: No il I el

SECTION 4. FIRST AID MEASURES

Inhaletisn: Remove Jo fresh 3l

Sidn Contect: Inmediataty ramova product fraen skin with dry dloth of towel, snd s exposed ares With datergent

Eye Contact: inmadistly Bush wiih planly of watee lor o laist 15 minttes and prorply call a physlician
Ingegiion: Wash out ot with waler pronided person is s, Nevee giva ing Ly mouin i 80 UBCORSUIBUS peason.
Call & phiysican ienmadiaialy.

Part Number(s}): 18-158, 18-159 Page 1018
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LANL Glovebox Fire Studies TP-16-30

LECTRONICS

1851 Morgan Street MSDS Number: 276

Rackford, IL 61102 Revision Date: 01/28/2013
Phone: (815) 966-9861 Supersedes Date: 02/19/2010

Fax:  (815)968-9731
www.geglectranics.com

MATERIAL SAFETY DATA SHEEY
Complies with OSHA Hazard Communication Standard 29 CFR 1910.1200

Product Name: SILICONE SEALANT/ADHESIVE

SECTION &, FIRE FIGHTING MEASURES

Flamh Polat (metbod taed): Nat Bpplicibis (Sotis)

Flamemabio Limitsy Lover: Not determined et Not detearined
Extinguishifng Media: Pesuin, dry chermkesd of sarbon dioxida o ling wialed apliy
Special Fire Fighting Procedurs:  Hone

Umeaiald fire brid axploalon Hazsrd: Notw

SECTION 6. ACCIDENTAL RELEASE MEASURES

Steps 1o ha taken i case materisl in colested of spdiad:
Shut off a8 ignition xoatress

Conlain the ol of leak.

Serape up with cardbosed o ray s place in contalner.

SECTION 7. HANDLING AND STORAGE

Precaution (o be tshen in handiing sid stoting:
Kesp eontislier doyed whiss nol & uss.

Zigee bn A cool piana,

Keep aviay trou hast, eparks and flane.

10 net fary iha confsénss an it side.

Use oy with sdadquate venialion

Avesd santacd with yes avd skin

Kenp aut of reash of ehilden.

Tontec lens wanrers isks sppepiiale pretstion

» 02 ¢ Information ahoul Bis eenplied cortalner * 1

{16 pied re-use thix conlaines

Keeap sty fovn heat, sparks and s
Damlpuncmrewwwﬁmmw,aﬁdomwammmummﬂmm_

Part Number(s): 19158, 19-159 Page 2 of &
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FLEGTRONICS

1801 Morgan Shest MSDS Nurhar: 278
Rocidord, IL§1102 Revislon Date: 01/26/2013
fhone: (815) 068-9661 Supersedes Date: 02/19/2010

Fax: (815) 4889731
www.geelectronics.com

MATERIAL SAFETY DATA SHEET
Complies with OSHA Hazard Communication Standard 28 GFR 16101200

Product Name: SILICONE SEALANT/ADHESIVE

SECTION 8. EXPOSURE CONTROLS / PERSONAL PROTECTION

Expmum Guldelineat
Vendor Gadde; 3pom AY, 10 STEL
ATHA WEEL”; mp %WWL e {STEL)

4 eiodaell

('AIHAW‘EELI o P 'Hyg ation Woskglacs Efivt tal Bsptssie Laved)

Reapiradory Proteciion (Spactic Type): Use airsupplied braathing sppaiat unlass locad exhiaust veilation i adequate of
detornposed prodict i wittén AIHA guldeling

Vintilation: Lacal Exhaust Required
Kechusnical ig 1 Aetacguat o ayebets
Specksl: Unknivey

Other: Pay silenton 1o ventilation such as locad exhaast, raschanicsl anitlor ieava door open for ol lazal 24 hurs after
application,

Protective Glaves: Fastes PRm of rubber gloves

Othsey Clothing ot i " 4 9

WorkiHygienie Practicas: Wash hands after handing.

Kewp sway fom test snd Hame

Avaid Cantact with epes and palonged o repested iy cotdsel
Aovcsss prokorgd traslhing vEpOL.

BECTION §. PHYS]CAL AND CHEMICAL PROPERTIES
Bailing Palnt applicabi

Vapor Pretgung: Negu@le {25°0)

Vaper Demitjr {adrmi) >1

Bpecitie Gravty: 1,05 (25°C}

Kelting Paint: Rt applicable

Evayporation Rats: <1 {Bubyl Acetatant)

Solublity in Walar: Hek saluble

Appearantca {solar) Hea Canridge

131 Pasts

o Ondertes odor

Eart Mumberis): 18-158, 13-158 Page3of 6
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1801 Morgan Street MSDS Nuriber: 276
Rackford, IL 81102 Revision Date: 01/26/2013
Phone: ({815) 968.4661 Bupersedes Date: 02/19/2010

Fax: (815) 868-9731
www.gcslectronics.com

MATERIAL SAFETY DATA SHEET
Complies with OSHA Hazard Communication Standard 28 CFR 1910.1200

Product Name: SILICONE SEALANT/ADHESIVE

SECTION 15. STABILITY AND REACTIVITY
Stabllity: Suable
Condilion ko Avair: Exposute {6 sf of molslura until resdy ta Lse - cagas euting and feliyletrylkatoxime vapes 1 fovem

graduslly

Incompetibifty (Matesial to Avold): Water of malslors

Flasssdonis Bemﬁ?nﬁﬁm or By-Product: Wabsr, molsture, of humid air can ceuss Rethylethylh dfai Thittned braskdk of
his product during e o ity Pigh heat eondition sy evalve i fofowt g hazardows decor %6 groied: Garbon wites and
traces of Incomptetely burned carbon sompounds. Sicons dioxde. Nilragen oxides. Farmaldehyde

Hatardous Polymerizationt Wil Nal Ocaig

Conditions to Avold: Nade

SECTION 11. TOXICOLOGICAL INFORMATION

Siin reitation: o wdormation 1s avallable
See QTHER INFORMATION

Eye irritation: Na inforrnation is avallable
Sew OTHER INFORMATION

Sanditization: No inforrnatinn fs avallabis

Bee %HER INFORMATION

Asuts Taxizity (LDBO) o irdormation is avidable
ey (OB L THER MFORMATION

Aeute Taxicity (LCS0) N information {5 avaitatie
Sz OTHER IHPORMATION

Subseute Toxieity: e tadorniation is avaitabls
Suow OTHER INFORMATION

¢ "

y No e [a avazabl
Ses OTHER INFORMATION
Carelnogen: N Mot Listed TARC: Not Listad: ORHA Regquiated: Not Lsted
See OTHER INFORMATION
Kigsganicity: Ho Information fa svailable
Sae OTHER INFORMATION
Othar Information: Additfondl Infermatian .
Nyl Ethyd § (MEKD) ~ Decomposition product )
riad wall g da MEKO o gaps 16 hurvéd alr, gradutly. Male mxdents £d o MEKOQ
wapee 61 high concentralion throughout thelr litative devetoped liver cancer. But fee 1 humans
1 tineartalh now. Plagss fand the datal infaresten 1o MEKO bake.
Skin Initadton: Gauses mid initstion. Can be atarbed thicugh the skin
Eye freilation: Crumes Savihe Frtation
Acute Orad Tox: LEYSD {rst) = dimilkg.
Acsuts Iiialadion Tax: LC5G {rat) = >4.8 migh M4HR
Inhaiation Tax: Khows sction at high tion. May produce biood effacs
Shdn Sensizetion: Posiive jpules pig)
Revretoxicity: High doza ean podud ¢ gnd ihle change in foeal funetion. N of
ok oy was datectad
Carsinoegenicty: Liver earmnamas wara ahaerved in & Betive inhalation shidy {ea 2 yeass) In which mice and tels
wara exposed. These wers Slalz i 4 in males 8t oy of 738 ppm.
Red 10 hie {4 uneeialn aow MEKG
Part Numbieds): 18158, 18-158 Pagadof 6
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| e

1801 Morgan Street MSDS Number: 275
Rockford, IL 61102 Revision Date: 01/28/2013
Phone: (815) 968-0661 Supersedes Dale: 02/19/2010
Fax:  (815)968.9731

vaww.geelectionies.com

MATERIAL SAFETY DATA SHEET
Complies with OSHA Hazard Communication Standard 29 CFR 1910.1200

Product Name: SILICONE SEALANT/ADHESIVE

SECTION 11. TOXICOLOGICAL INFORMATION {CONTINUED)

idegenicity: Not m{demd fkaganie basad on seversd in vt and vivo sludies,
Ottwer Chronie Study: Weﬁeﬁsmwdm un of rssal |
mmmmfmﬂn&uﬂmwma& Mﬂoammuaﬁnﬁs‘lsmaﬁm
G tat Exps xp Level AIHA WEEL: 10 ppm (TWA)

SECTION 12. ECOLOGICAL INFORMATION

Bladagradation: Not applicabls
Bloaceunulssi N ik & svadabl
Aqustie Toxieity: R ipdormation ls avalable
Other information: Novrey

SECTION 13, DISPOSAL CONSIDERATION

Can ba fatwd-Hled tor eirad produel of burnsd i & eheeinal utinead fppad with a0 sl aid Refubib
o not gapose B amptad coatained ualawiully.
Obsesve 58 foders], stale, and lotal laws.

SECTION 14. TRANSPORTATION INFORMATION

%W&MADATMSURFACE
* Net regidated for transport

‘rumpwi bymmmde .

tedd fof transpon
cﬂr( franuport chu.mgwqR

“

Part Number(s): 19-158, 19-158 Pago 506(6
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Y ECTRONICS

1801 Morgan Street MBDS Number: 275
Rackford, IL 61102 Revision Date: 01/29/2013
Phane: (815) 966-9661 Supersedes Date: 02/18/2010
Fax: {815) 988-9731

wanw. geslectronics.com

MIATERIAL SAFETY DATA SHEET
Camplies with OSHA Hazard Communication Standard 28 GFR 1910.1200

Product Name: SILICONE SEALANT/ADHESIVE

SECTION 15. REGULATORY INFORMATION
Toxie Substances Control Act (TSCA) Statia: Listed on tw

THCA breantory
!!'aCw‘!t'&‘w#l‘v&"k'!v‘*?!tsv!!‘%Q!'t'!%‘\l“?tvt"*!vﬁv’!ﬁ!v‘w

| y O Exlating C t Ch 1 Bukst; {EWNECE) Slatus!
Listed on tha BINECS
Lzhaling di ,TaEﬁ;; {2t fred:
Fyrribal: Nok v
RPhrame: N;&m
B-Pleage Nod feguired
Gontaina: Hone

Bupartund Amendments sl ’ 10 of 1885 {SARA) Tiis il Section 313 Suppler Notification:

s d submission of annual repads of taxic thendeai(e) that appear i saction 313 of the emergenty plaaning
mdcnmmmﬂymgm-roszwA.ﬁol!sﬁsandmc?kr&n_Msmmrmﬁbauﬂmdinaﬂlms‘sMammemﬁc
charical{s} sontained in this produet are?

Chemicid Hame{CAS o) And Contants: Nona

KPR TARNAN A SRR AR AR AP AR AR ORI R P AP APV ENRE PO R ANE R NPARENERIRORS

Califamnia Proponiten £5:
This regustion reuines a waming o Calfarmia Frapaaltion 65 Chemicals) under the slidure.
The Californta Proposiien B5 Chemitals) ined it this prodicet ave:

Chantical Hame/(GAS No.) And Contaata: None

SECTIOM 16. DISCLAIMER

GG Elactronics baliaves that tha Information eontalnad hereln is accurate and reliable as of the date of this
eaterial safety data shest, but no rapresentation guarantes or warranly, express or implled, is made as to the
accuracy, reliabliity or completenass of the information. Pacsons recelving information are encouraged to make
their own determination as 1o tha Information’s sultabllity and complateriess for thair particutar application,

NG INFORMATION CONTAINED HEREIN CONSTITUTES A PRODUCT WARRANTY OF ANY KIND, WHETHER
EXPRESS OR IMPLIED; AND ALL IMPLIED WARRANTIES OF MERCHANT ABILITY AND OF FITNESS FOR A
PARTICULAR PURPOSE ARE HEREBY DISCLAIMED BY GC BLECTRONICS.

Bart Nunber(s): 10-158, 16-159 ' Paga 6 of 8
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MATERIAL SAFETY DATA SHEET 5852 Baker Road

Minnatonka, MN 55345

MSDS# 004
DATE: 1/11

For information only, eall 1-952-935-9745. For emergencies, call CHEMTREC:
DOMESTIC MORTH AMERICA B00-424-9300 INTERNATIONAL 703-527-3887 (COLLECT).

i. PRORUCY

2, LOMPOSITION/LINEQ
Components = Chemical

{Haxardous Components 2 CAS# COMMENTS:
i%)
. Potassium Kitrate _17757-79-1 | Campanents are blended and pressed into a
OCDA 461-58-5 | highly stable, motded form. Molded composition Is

contained within a sealed double-walled stainless
stael housing ~ no anvironmental exposure.

Organle Resin . a003-35-4
Appearance & Odor: Beige to white in color. No odor,
Auta-Ignition Tempearatura: 300°C
Solubllity in Water: Slightly Soluble
3.

presible axposure to aerosol cuppression agent If ganerator is setivated. May cause temporary, mild
{rritation of mucous membrane if inhaled.

4. EIRST AID MEASURES
Cuontact Mathod: Procedura!
Inhafation Remove o fresh air
Eye Contack Flugh with water
Bkin Contact Wash with soap and wiater,
Ingestion ] Nota likely route of exposure, e
Seek medical attention for further traatment, observation, and support if necessary. |

in the event of a fire, evacuate the area and inform amergency services. Ignition of Stat-X produces
a fire-supprassion asrosal, Water may be used az an additianal suppression agent.

1f these davices are spilfed they can be safely recovered by hand and shotld be inspacted for damage
prior to repacking, Suspert or damaged articles should be fabaled and consignad for correct
dasgtruction.

Store In temperate conditions, Avoid shack, electrle currents, statie discharge, excessive heat and
extended periods of storage at temperatures greater than 65°C.

AFreaway MSDS Page [ of 2
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Resplratory Protection Ventilate area completely after discharge, Da not erter ares prior to
complate venting of enclosure. Use filter mask as necessary during
clean-up.

Hand Protaction | Wear gloves if handling generators prior te caoling.

Eye Protection Safety glasses are advisable.

Skin Protection M/A

Stainiess Steel Cylinder op to 270 mm In lenqth |

These devicas are extremaly stable balow 125°C. They should be grotected fram firg, sources of
electrical pawer, ghock, and high terviperatures.

i1, TOXOCOLOGICAL INFORMATIOIN

Toxic by-products of combustion are extremaly low. Main by-preducts are listed below with 15-minute
TVWA valuas far s maximurm 100g/m” concantration In a harmetically sealed valume,

Gag 1% minute Time Weighted Average In parts per miiilen

HO; 1.08

MO 0.87

o 84.20
12, ECOLOGICAL INFORMATION

These devices are sealed and precent no ecolagical hazards, The sarasol produced upon ignition has
rie glebal warming potential and an ozone depietion potential = 0.

13. DISPOSAL CONSIDERATIONS
Comply with all local, state, and fedecalfinternational regulations.

_UN Number: 3178 ishinping Limitations:

UN Classification: 4.1 Flammable selid, | Carge Alr Max single packaging - 100 kgs.
inorganic, no.g8, {fire supprassant
| containing potassium nitrate)

Packaqing Group: 111 Passenaer Alr Max single packaning - 25 kas.

Bivislon 4.1 artictes present no significant hazard as packagad for fransport.

Keep away from heat ——

533 Take autlonary measures against risk of static discharge

535 “This material and its container must he disposed of [n a gsafe way
ntitatian waar suitable respiratory equipment

539 Wear sye/face srotectian
16. DTHER INFORMATION
Cemply with manfactueer's installatlan and malntenance procedurss,

Disetatmer:

“The Information cantalned herein is accurate to the best knovdedge and bellaf of Fireaway Inc., and ig
intended to desceiba tha product for hualth, safety, and environimantal requirements only, Itis not
intanded and should not be construed as a warranty, Consult Fireaway for {urther information.

- Freaway MSDS Page 2 of 2
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Attachment 6

Tailgate Briefing
Form
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Tailgate Briefing Form

TP-16-30

TEST INFORMATION
Date: | Time:l Briefed By:
Site: TestTitle;
Test Manager: Field Crew Lead:
Ordnance: Safety:
WEATHER
Temp: Wind: Direction: Precip:
| Speed: Cloud %:
TOPICS COVERED

Planned Site Activities

Chemical Hazards

BuddyTeam Procedures

Physical Hazards

PPE Required

Emergency Procedures

Biological Hazards

Explosive Hazards

First Aid Procedures

Heat/Cold Stress

Respiratory Hazards

Site Access f Clearances

Site Communications Decon Procedures Other: Describe Below
Other:
BRIEFING ATTENDEES
Printed Name Signature Printed Name Signature

By signingabove, | certify that | have been breifed on and understand the information above.

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

TP-16-30

Engineer

Print

Sign

Date

Ordnance

Print

Sign

Date

Instrumentation

Print

Sign

Date

Field Supervisor

Print

Sign

Date

Safety

Print

Sign

Date

The above blocks need to be signed off on only if they are pertinent to the
project (e.g., Field Supervisor signs off if there are TRO’s involved)
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Attachment 8

Revision Listing

TP-16-30

Reason for revision:

Engineer Signature and Date:

Ord

Safety:

Inst:

Field

Reason for revision:

Engineer Signature and Date:

Ord

Safety:

Inst:

Field

Reason for revision:

Engineer Signature and Date:

Ord

Safety:

Inst:

Field

Reason for revision:

Engineer Signature and Date:

Ord

Safety:

Inst:

Field
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Attachment 9

Standard Operating
Procedures

(hundreds of pages - available in hard or soft copy by request)
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Installation and Operation Manual
Manuel d'installation et d'opération

Manual de Instalacion y Mantenimiento

FG EC Series

Inline Centrifugal Fans with EC Motors
Ventilateur Centrifuge en ligne avec Moteur EC
Ventilador centrifugo en linea con motor EC

United States
10048 Industrial Blvd., Lenexa, KS, 66215
Tel.: 800.747.1762 o Fax: 800.487.9915

Fantech Inc. certifie que les
ventilateurs de la série FG

EC décrits aux présentes

portent le sceau de 'TACMA.

Les caractéristiques indiquées
sont fondées sur les essais

et procédures effectués
conformément aux publications
211 de TACMA, et répondent aux
exigences du programme de certi-
fication des caractéristiques.

Fantech Inc. certifies that the
FG EC Series shown herein

is licensed to bear the AMCA
Seal. The ratings shown are
based on tests and procedures
performed in accordance with
AMCA Publication 211 and
comply with the requirements
of the AMCA Certified Ratings
Program

Canada
50 Kanalflakt Way, Bouctouche, NB, E4S 3M5
Tel.: 800.565.3548 e Fax: 877.747.8116

apoomTIon
WTERAATIONAL IND.*

alified inline and remote fans, €
8 feet of insulated duct shall be installed bet:

ration of ENERGY STARC
bathroom and general ventilation applications, at least
ventilation applications, where metal duct is generally required by code, a metal sound attenuator shall be installed

tions de salles de b
sionnement du ventilateur. Pour les applications de hotte de cuisini
installé entre la hotte et le ventilateur.

&tre installées entre les grilles d'évacuation et
par le code du batiment, un atténuateur acoustique en mi

al doit &t

da ventilador debe instalarse utilizando té:
8' de ducto flexibl lamiento
rigido, se recomienda instalar un

certificados ENERGY STAR, ce
comienda instalar por lo mi
se usa por codigo duct:

K|

Item #: 490095

Rev Date: 2016-06-01

VI

CERTIFIED

Fantech Inc. certifica que los
modelos que aparecen en este
documento estan autorizados
para llevar el sello de AMCA.
Las clasificaciones se basan
en pruebas y procedimientos
realizados de acuerdo con

el documento AMCA 211

y en cumplimiento con los
requisitos del programa AMCA
para la certificacion.

. fantech”

3 systemair company



Note

Warning / Information Technical
Important information
note

Practical tip

1. The compactness of the FG EC series, plus the
adaptability to be mounted in any position, permits easy
installation. This straight-thru air flow fan can be
mounted at any angle from horizontal to vertical.

2. Because this unit has rotating parts, safety
precautions should be exercised during this phase of
installation, operation and maintenance.

3. CAUTION: For General Ventilation Use Only. Do Not
Use To Exhaust Hazardous Or Explosive Material and
Vapors.

4. Remove unit from package and inspect within 15
days after receipt. If damaged, report damage to
carrier. Do NOT operate this unit with visible damage to
the blower or impeller assembly.

5. For FG Series fans, if bracket is used to mount fan,
refer to illustration 1. If suspending fan with hanger
straps, refer to illustration 2.

6. To attach duct work, use duct tape at inlet and

outlet to assure good seal. If using FANTECH FC clamps:

attach FC clamps and insert screws through clamp into
inlet and outlet flanges.

CAUTION: Use /2" sheet metal screws to secure duct
work to inlet and outlet. It is critical that the screw
penetrate the metal of the inlet flange but not so far as
to bind the impeller. It may be necessary to angle
screws away from impeller.

CAUTION: If not using FANTECH FC clamps use 1/qv
screws.

7. Screen guards must be installed when fan will be
within reach of personnel, within seven (7] feet of
working area, or when advisable for safety.

8. FGC EC models are factory wired with a power cord.
Do not use an extension cord with these models. Do not
operate any fan with a damaged cord or plug. Discard
fan or return to an authorized service facility for
examination and/or repair. Do not run cord under
carpeting. Do not cover cord with throw rugs, runners,
or similar coverings. Do not route cord under furniture
or appliances. Arrange cord away from traffic area and
where it will not be tripped over.

9. An appropriate duct termination device (roof cap, wall
cap, louvered shutters, etc.) are to be used with this
fan.

1. Le caractere compact des appareils de séries FG
EC, ainsi que leur adaptabilité a étre montés dans
n'importe quelle position, facilite leur installation. Ces
ventilateurs a flot d'air direct peuvent étre montés a
n'importe quel angle, de I'horizontal a la verticale.

2. Etant donné ses parties amovibles, certaines
précautions doivent étre prises lors de l'installation,
I'opération et I'entretien.

3. ATTENTION: “Pour usage de ventilation générale
seulement.Ne pas utiliser pour I'évacuation de matériaux
et de vapeurs dangereux ou explosifs.”

4. Enlever I'appareil de 'emballage et l'inspecter dans
les quinze jours qui suivent sa réception. S'il est
endommagé, en avertir le transporteur. C'est important
qu'on N'UTILISE PAS ce ventilateur s'il y a de dommage
visible a l'impulseur ou au ventilateur.

5. Pour les ventilateurs de modele FG, on utilise un
support pour installer le ventilateur, se référer a la
figure 1. Si le ventilateur va étre suspendu au moyen de
courroies, voir la figure 2.

6. Pour attacher les conduits, utiliser du ruban pour
conduits a 'entrée et a la sortie afin d'assurer une
adhésion hermétique. Pour les ventilateurs modele FG,
fixer les attaches FANTECH FC et insérer les vis a
travers les attaches dans les collerettes de I'entrée et
de la sortie.

ATTENTION: Utiliser des vis de 1/2 pouce pour métal
pour fixer les conduits a I'entrée et a la sortie. Il est
absolument nécessaire que les vis pénetrent le métal de
la collerette d’entrée sans toutefois obstruer I'impulseur.
Il pourrait étre nécessaire de fixer les vis a un angle qui
leur permettraient d'éviter I'impulseur. ATTENTION: Si
vous n'utilisez pas de colliers de commande du ventilateur
Fantech, utilisez des vis de 1/4 pouce.

7. Des gardes de sécurité doivent étre installés lorsque
le ventilateur sera accessible par le personnel, dans un
rayon de moins de sept pieds de I'aire de travail, ou
lorsqu'il est jugé nécessaire pour fins de sécurité.

8. Les modeles FGC EC sont précablés a l'aide d'un
cordon d'alimentation. Ne pas utiliser de rallonge
électrique avec ces modeles. Ne jamais utiliser un
ventilateur avec un cordon ou une prise endommagée.
Jeter le ventilateur ou retournez & une installation de
Sservice autorisée pour un examen et/ou une réparation.
Ne pas passer le cordon sous un tapis. Ne pas couvrir
le cordon de carpettes, de protege-tapis, ou des
revétements similaires. Ne pas passer le cordon sous
les meubles ou appareils électroménagers. Placez le
cordon loin de la zone de circulation ou personne ne
trébuchera dessus.

9. Un dispositif d'extrémité pour conduit approprié
(chapeau de toit, obturateur mural, obturateur a
persiennes, etc.) doit étre utilisé avec ce ventilateur.

1. La Serie FG EC es compacta y adaptable para
montar en cualquier posicién, por lo cual es facil de
instalar. Este ventilador de flujo axial se puede montar a
cualquier angulo, desde horizontal hasta vertical.

2. Debido a que esta unidad tiene piezas rotativas, hay
que tomar precauciones de seguridad durante la
instalacion, operacién y mantenimiento.

3. PRECAUCION: “Sélo para Ventilacién en General. No
trate de Utilizarse como Extractor de materiales y
Vapores Peligrosos o Explosivos.”

4. Saque la unidad del paquete e inspecciénela antes
de vencidos los 15 dias de su recibo. Si estd dafiada,
informe al transportista. Hay que NO USAR este
ventilador si hay dafios visibles al impulsor o al soplador.

5. Para los ventiladores Modelo FG, si han de montarse
en un soporte, refiérase a la llustracion 1. Si ha de
colgarse un ventilador con tirantes, refiérase a la
llustracion 2.

6. Para conectar tramos de conductos, use cinta para
conductos a la entrada y a la salida para asegurar un
buen sello. Para ventiladores Modelo FG, conecte
abrazaderas FANTECH FC e inserte tornillos a través de
la abrazadera a las bridas de entrada y salida.
PRECAUCION: Utilice tornillos de 1/2 pulgada para
hojalata para fijar el conducto a la entrada y salida. Es
esencial que los tornillos penetren el metal de la brida
de entrada pero no al extremo de obstruir el impulsor.
Puede que sea necesario inclinar los tornillos para
desviarlos del impulsor. PRECAUCION: Si no se usa anillos
de control de ventilador Fantech, se debe usar tornillos
de 1/4 pulgada.

7. Hay que instalar pantallas de guarda donde el
ventilador quede al alcance del personal, a menos de
213 cm del puesto de trabajo o bien cuando sea
aconsejable desde el punto de vista de seguridad.

8. Los modelos FGC EC vienen provistos de fabrica con
un cable de alimentacion. No usar alargador con estos
modelos. No opere ningln ventilador si el cable o
enchufe esté dafiado. Deseche el ventilador o devuélvalo
a un centro de servicio autorizado para su examen y/o
reparacion. No instale el cable debajo de la alfombra. No
cubra el cable con alfombras, alfombrillas o
revestimientos similares. No instale el cable debajo de
muebles o electrodomésticos. Cologue el cable lejos del
rea de tréfico y donde no se pueda tropezar.

10. Usar un dispositivo protector adecuado a la salida
del conducto (tapa de techo, tapa de pared, tapa tipo
persiana) con este ventilador.



WARNINGS

1. WARNING! TO REDUCE THE RISK OF FIRE,

ELECTRIC SHOCK, OR INJURY TO PERSONS -

OBSERVE THE FOLLOWING:

a. Use this unit only in the manner intended by

the manufacturer. If you have any questions,
contact your manufacturer’s representative.
. Before servicing or cleaning unit, switch
power off at service panel and lock the
service disconnecting means to prevent
power from being switched on accidentally.
When the service disconnecting means
cannot be locked, securely fasten a
prominent warning device, such as a tag, to
the service panel. For FGC corded models
unplug the fan from the power supply.

. Installation work and electrical wiring must
be done by qualified person(s) in
accordance with all applicable codes and
standards, including fire-rated construction.
. Sufficient air is needed for proper
combustion and exhausting of gases
through the flue (chimney) of fuel burning
equipment to prevent back drafting. Follow
the heating equipment manufacturer’s
guideline and safety standards such as
those published by the National Fire
Protection Assaciation (NFPA), and the
American Society for Heating, Refrigeration
and Air Conditioning Engineers (ASHRAE),
and the local code authorities.

. When cutting or drilling into wall and
ceiling, do not damage electrical wiring and
other hidden utilities.

Ducted fans must always be vented to the
outdoors.

. If this unit is to be installed over a tub or
shower, it must be marked as appropriate
for the application and be connected to a
GFCI (Ground Fault Circuit Interrupter) —
protected branch circuit.

. NEVER place a switch where it can be
reached from a tub or shower.

2. WARNING! Check voltage at the fan to see
if it corresponds to the motor name plate.

ADVERTISSEMENTS

1. AVERTISSEMENTS POUR REDUIRE LES
RISQUES D'INCENDIE, DE DECHARGE
ELECTRIQUE OU RISQUE DE BLESSURES.
SUIVEZ LES CONSEILS SUIVANTS:

a. Utiliser seulement I'appareil tel que prévu
par le fabricant. Communiquer avec le
représentant du fabricant pour toute
guestion.

b. Avant de procéder a I'entretien ou au
nettoyage de 'appareil, coupez
I'alimentation au panneau de service et
verrouiller le dispositif de sectionnement
pour éviter une mise sous tension
accidentelle de I'appareil. S'il est impossible
de verrouiller le dispositif de
sectionnement, fixez un dispositif
d'avertissement (comme une étiquette) bien
en vue sur le panneau de service.
Débranchez les modeles FGC de la prise
électrique.

c. Les travaux dinstallation et de
raccordement électrique doivent étre
effectués par des personnes qualifiées
conformément aux codes et normes
applicables, y compris les codes de
protection contre les incendies.

d. Un apport d'air suffisant est nécessaire
pour assurer la combustion convenable et
I'¢chappement des gaz par le conduit d'air
(cheminée) de I'appareil de combustion afin
d'empécher le refoulement d'air. Conformez-
vous aux lignes directrices émises par le
fabricant du matériel thermique, aux
mesures de sécurité comme celles publiées
par la National Fire Protection Association
(NFPA), I'American Society for Heating,
Refrigeration and Air Conditioning Engineers
(ASHRAE) et aux réglements locaux.

e. En taillant ou en perforant les murs et les
plafonds, attention de ne pas endommager
les fils électriques ou autres appareils
dissimulés.

f. Les ventilateurs doivent toujours étre
ventilés vers I'extérieur.

g. Si l'appareil doit étre installé au-dessus
d'une baignoire ou d'une douche, il doit
porter une inscription a cet effet et étre
relié a un disjoncteur de fuite de terre du
circuit de dérivation protége.

h. NE JAMAIS installer un interrupteur ou il
pourrait étre accessible d'un bain ou d'une
douche.

2. ATTENTION : Vérifier le voltage afin de voir
s'il correspond a celui indiqué sur la plaque du
mateur.

ADVERTENCIAS

1. ADVERTENCIA: PARA REDUCIR EL RIESGO
DE INCENDIO, CONMOCION ELECTRICA O
LESIONES A PERSONAS, OBSERVE LO
SIGUIENTE:

a. Sdlo utilice esta unidad en la forma
contemplada por el fabricante. Si tiene
cualquier pregunta, dirfjase al
representante del fabricante.

b. Antes de darle mantenimiento o limpiar la
unidad, apague la fuente de energfa en el
panel de servicio y bloguee los medios de
desconexion del servicio para evitar que se
vuelva a conectar a la fuente de energia
accidentalmente. Cuando no se puedan
bloguear los medios de desconexion del
servicio, adhiera firmemente al panel de
servicios, en un lugar prominente, un rétulo
0 una etiqueta a tal efecto. Desenehufe los
modelos FGC de la fuente de alimentacion.

c. Los trabajos de instalacién y cableado
deben ser realizados por personal calificado
conforme todos los codigos y normas del
caso incluso construccion contra incendiés.

d. Se necesita tener suficiente aire para
lograr una combustion adecuada y expulsar
los gases mediante el conducto de humos
(chimenea) del equipo de quema de
combustible para evitar el efecto de contra-
tiro. Observe las pautas provistas por el
fabricante del equipo de calefaccion y las
normas de seguridad tales como las
publicadas por el National Fire Protection
Association (NFPA) y American Society for
Heating Refrigeration and Air Conditioning
Engineers (ASHRAE), y los cadigos locales
aplicables.

e. Al cortar o perforar paredes y techos, no
dafie el cableado eléctrico y demas
servicios ocultos.

f. Los ventiladores con conducto siempre
deben tener salida al exterior.

g. Si esta unidad se va a instalar sobre una
bafiera 0 una ducha, es necesario marcarla
segln corresponda a la aplicacién y se debe
conectar a una derivacion protegida por
GFCI (interruptor accionado por corriente
de pérdida a tierra).

h. JAMAS cologue un interruptor donde pueda
alcanzarse desde una bafiera o ducha.

2. jADVERTENCIA! Revise el voltaje entrante al

ventilador para constatar que corresponda al
que indica la placa de fabrica.

fantech
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INSTALLATIONS

Exhaust system Ceiling exhaust system Horizontal installation Exhaust system

INSTALLATION DIAGRAM FOR MODEL FG DUCT FANS

1. When installing, keep the number of elbows and bends to a minimum. If necessary, long radius elbows or bends are recommended.

2. Duct sealant, caulk, or tape should be applied to all seams to prevent air leakage and maximize air performance.

3. Flex, spiral, or snap lock ducting may be used. If using rigid duct, Fantech FC clamps are recommended to connect duct work to
the fan (see illustration 2).

FC clamps make an air tight seal at the connection points and reduce vibrations transmitted throughout the duct system.

4. To minimize static pressure losses and promote adequate airflow, minimize duct run lengths where possible. If using flex duct, keep duct
runs straight and taut.

5. If installing in an unconditioned space, covering the fan with insulation is recommended to prevent condensation from forming.

B. For general ventilation applications, at least 8 ft of insulated flexible duct shall be installed between the exhaust or supply grille(s) and
the fan.

The ducting from this fan to the outside of the building has a strong effect on the air flow, noise and energy use of the fan. Use the short-
est, straightest duct routing possible for best performance, and avoid installing the fan with smaller ducts than recommended. Insulation
around the ducts can reduce energy loss and inhibit mold growth. Fans installed with existing ducts may not achieve their rated air flow.

lllustration 1 Mount bracket
to fan first!
Fan bracket \/
should be

installed, then
fan mounted

directly to
bracket using M /A\
sheet metal
SCrews.
Models Models Models
e 4XL EC e6MEC e 10EC e 12 EC
e 8EC e 12XL EC
lllustration 2 Mounting Bracket & Screw Locations for FG

Duct Fan
Clamp Fastener l Screws

So\o o

Fans may be sus-
pended without
special mounting
brackets.

Vibration absorbing material Spiral duct

0.

: fantech




DIMENSION MODEL FG EC 3%/ = 85 mm
XX N CON CON CR [ mEs

4 XLEC 4 81/ 6/ 1 1 Q
BM EC 6 13 Vg 65/ 1 1

BEC 8 1393 B 15 15 ]
10EC 10 133/ 415 14 1

12 EC 12 16 814 118 1%g

12XL EC 12 16 84 16 16

Dimensions are in inches.

WARNING
To Reduce The Risk Of Electric
Shock, Connect the FGC to a — |

roperly grounded outlet only.
properly g y e b c

SPECIAL WIRING PRECAUTIONS NOTE

Al installation should be wired according to Model FGC EC comes pre-wired with three prong power
the following diagrams. cord.

Failure to comply will cause the motor to

“hum” or not work. NOTE

Remove this potentiometer to facilitate installation of a

Maximum torque that can be applied to the building management system or external motor speed con-
terminal block screws is 0.79 Nm (7 Ib-in). trol. Refer to diagrams on the left for wiring instructions.

INSTRUCTION FOR ALL MODEL FG EC FANS
For connection to a building With external motor speed controller Without external motor speed controller
management system
MTP10 - Potentiometer
Aux. switch 24V

7
2%

120 V Supply Potentiometer 120 V Supply

120 V Supply

%)%

=
Q
Q.
>
5}
)
3

0 O]

Black or Brown [©x©] Black

Red (+)10VDC
Blue () GND

\White TACH ouT
Red (+)10VDC
Black or Brown

TROUBLESHOOTING

If fan fails to operate, please check the following:
a. Consult wiring diagrams included to ensure proper connections.
b. To ensure proper contact, check motor lead wiring, incoming supply wiring connections.
c. If possible, use a meter to test for continuity between fan leads.

MAINTENANCE
1. Since fan bearings are sealed and have been provided with an internal lubricating material, no lubrication is necessary.
2. Once a year, clean the impeller. No other maintenance is required.

fantech
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INSTALLATIONS

Systeme d'évacuation Systeme d'évacuation au plafond Installation horizontale Systeme d'évacuation

DIAGRAMME D'INSTALLATION ET DE RACCORDEMENT POUR LES
VENTILATEUR A CONDUITS MODELE FG

. Lors de linstallation, maintenir le nombre de coudes et de courbe a un minimum. Si nécessaire, des coudes ou des courbes a long rayon

sont recommandés

. Scellant adhésif, calfeutrage ou un ruban devraient étre appliqués a tous les joints pour éviter les fuites d'air et optimiser la

performance de l'air.

. Conduits flexibles, en spiral ou en verrou d'accrochage peuvent étre utilisés. Si vous utilisez un conduit rigide, les pinces de

raccordement FC de Fantech sont recommandées pour relier les conduits au ventilateur (voir illustration 2).
Les pinces FC créent un joint étanche a I'air au niveau des points de raccordement et réduisent les vibrations transmises a travers le
réseau de conduits.

. Pour minimiser les pertes de pression statique et de promouvoir une ventilation adéquate, minimisez les longueurs des conduits ou

possible. Si vous utilisez un conduit flexible, garder les canalisations droites et tendues.

. En cas d'installation dans un espace non conditionné, recouvrir le ventilateur avec un isolant est recommandé pour éviter la formation de

condensation.

. Pour les applications de ventilation générale, un minimum de 8 pi de conduit flexible isolé doit étre installé entre la grille (les grilles)

d'évacuation ou d'alimentation et le ventilateur.

Le conduit de raccordement de ce ventilateur avec I'extérieur de I'immeuble a un effet important sur le débit d'air, le bruit et la consomma-

tion d'énergie du ventilateur. Veuillez utiliser le conduit le plus court et le plus droit possible pour abtenir un rendement optimal, et évitez
d'installer des conduits plus petits que recommandé pour le ventilateur. Lisolation autour des conduits peut réduire les pertes d'énergie et
empécher la moisissure. Les ventilateurs installés avec des conduits existants pourraient ne pas offrir le débit d’air nominal.

D'abord, attacher le support au

Figure 1
g ventilateur!
Le support du V
ventilateur devrait ‘ W
étre installé, puis

le ventilateur
devrait étre placé
directement sur
le support au

moyen de vis pour Modele Modele Modele
le métal. * 4XL EC *BMEC e 10EC * 12 EC
e BEC e 12XL EC
Figure 2

Adapteur pour attaches l Vis

Les ventilateurs
peuvent étre
suspendus sans
aucun supports de
montage spéciaux.

Ventilateur Placement des vis de montage et du crochet

Modele
* G6M EC
e 3 EC
e 10 EC

Matériel absorbant les vibrations Conduit en spirale

: fantech




DIMENSIONS MODELE FG EC 3%/u' =95 mm
I N O [ S L o

4 XLEC 4 81/ 81/ 1 1

BM EC B 13 1/g 6 5/g 1 1 ;]

8EC 8 13 38 6 14 14 ﬁFr
10EC 10 13 38 4M/1g 14 1

12EC 12 16 84 11 195 T
12XL EC 12 16 81/4 145 1315 A

Dimensions en pouces
ATTENTION

Afin de réduire le risque de choc électrique, ]
reliez les modéles FGC a une prise de

—
courant avec une misc a la terre conforme
aux normes. —E D C
PRECAUTIONS POUR LINSTALLATION
ELECTRIQUE NOTEZ
Toute installation devrait tre branchée selon les Retirer ce potentiomeétre pour faciliter l'installation
diagrammes suivants. Sinon, le moteur pourrait d'un systeme de gestion du batiment ou de contréle
émettre un vrombissement ou ne pas fonctionner. de vitesse du moteur externe. Reportez-vous aux
Le couple maximal qui peut &tre appliqué aux vis du diagrammes sur la gauche pour obtenir des instruc-
bornier est de 0.79 Nm (7 Ib-in). tions de céblage.

NOTEZ
Les modeles FGC EC sont fournis avec une prise de courant a trois pointes.
INSTRUCTION DES VENTILATEURS MODELES FG EC

Pour le raccordement a un systeme Avec contrdle de vitesse externe Sans contrale de vitesse
tde gestion de batiment MTP10 - Potentiomatre du moteur externe

Contact Aux. 24V é
Approvisionnement 120 V I.o/o.l
1 2

2%,

sionnment

Approvisionnement 120 V Patentiometre Approvisionnement 120 V

Controle
Controle
Controle

Approvisionnemet
Approvisionnemet
Approvisionnemet

EN CAS DE DIFFICULTES
1.Si le ventilateur cesse de fonctionner, vérifier ce qui suit:
a. Consulter le diagramme de raccordement électrique inclus afin d’assurer les bons raccords.
b. Pour assurer un contact approprié, vérifier le fil principal du moteur et les fils d'approvisionnement.
c. Si possible, utiliser un multimétre pour vérifier la continuité entre les connecteurs du ventilateur.
2.Si le ventilateur ne fonctionne toujours pas, consulter le représentant FANTECH pour instructions quant au retour et au remplacement.

ENTRETIEN

1. Puisque les roulements du ventilateur sont scellés et qu'ils comportent déja un lubrifiant interne, aucune lubrification n'est nécessaire.
2. Au moins une fois par année, nettoyer I'impulseur.
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INSTALACIONES

Sistema de escape Escape montado en el cielo raso Instalacion horizontal Sistema de escape

DIAGRAMAS DE INSTALACION Y CABLEADO DE VENTILADORES
MODELO FG PARA CONDUCTOS

1. Al instalar, mantener el nimero de codos y curvas en un minimo. Si necesarios se recomiendan codos o curvas de radio largo.
2. Sellador de conductos, masilla o cinta deben aplicarse a todas las juntas para evitar fugas de aire y maximizar el rendimiento del aire.

3. Flex, espiral o complemento de ducto tipo “snap lock” se pueden utilizar. Si utiliza conducto rigido, se recomienda Fantech FC
abrazaderas para conectar los conductos al ventilador (vea la ilustracion 2).
FC abrazaderas crea un sello hermético de aire en los puntos de conexién y reducir las vibraciones transmitidas en todo el sistema de
conductaos.

4. Para minimizar las pérdidas de presion estatica y la promocién de una ventilacién adecuada se recomienda minimizar las tiradas de
ductos donde posibles. Si estd usando conductos flexibles, mantenga el ducto recto.

5. Si se instala en un espacio no acondicionado, se recomienda que se cubra el ventilador con aislamiento para evitar la formacién de
condensacion.

B. Para las aplicaciones generales de ventilacion de deberd instalar por lo menos 8 pies de ducto flexible con aislamiento entre la rejillals)
de escape o suministro y el ventilador.

El conducto que va de este ventilador al exterior del edificio tiene un fuerte impacto en el flujo del aire, el ruido y la energia del ventilador.

Utilice el enrutamiento del conducto mas corto y recto posible para obtener un mejor rendimiento, y evite instalar el ventilador con conduc-
tos més pequefios de lo recomendado. La aplicacion de un aislante alrededor de los conductos puede reducir la pérdida de energia y evitar
la creacion de moho. Los ventiladores que se instalen usando los conductos existentes pueden no alcanzar su flujo de aire nominal.

Primero, montar el soporte al

llustracion 1 ventilador!
Se debe instaler \/
primero el soporte

del ventilador y
después montarse
éste directamente
en el soporte con
tornillos para

i

hojalata. Modelo Modelo Modelo
e 4AXL EC e6MEC e 10EC e 12 EC
e B EC e 12XL EC
llustracion 2 , . .
Ventilador Soporte Montura Y Tornillo Localizacién
en Conducto

Tornillo de Abrazadera l Tornillos

Los ventiladores se

pueden colgar sin

necesidad de . Modelo

soportes especiales. A T * 6M EC
e 8 EC
* 10 EC

Material amotiguador Conducto en Espiral

: fantech




DIMENSIONSES DEL MODELO FG EC —
2730 O CON RN DR D ;}

4 XLEC 4 81/, 81/ 1 1

BM EC 6 13 1/g 6 9/g 1 1

BEC 8 139/ 6 14 14 ]
10EC 10 133/ 4"/ 114 1

12EC 12 16 814 11 1316

12XL EC 12 16 81/4 115 136

Dimensiones en pulgadas.

ADVERTENCIA ]
Para reducir el riesgo de descarga eléc- |
trica, conecte los modelos FGC con un
enchufe correctamente puesto a tierra, —iE D c
solamente.
NOTA
PRECAUCIONES ESPECIALES PARA CABLEADO FGC EC modelo vienna con los alambre pre-encorvado
Toda le instalacion debe cablearse conforme los Con un enchufe de tres diente
diagramas que siguen. De lo contrario, el motor NOTA

cimbrara sin girar. o L . . .
g Eliminar este potenciémetro para facilitar la instalacion

de un sistema de gestién de edificios o de control de
velocidad del motor externo. Consulte los diagramas de la
izquierda para ver las instrucciones de cableado.

El par maximo que se puede aplicar a los tornillos
de la caja de bornes es de 0.79 Nm (7 Ib-in).

INSTRUCCIONES DE LOS VENTILADORES MODELO FG EC

Para la conexidn a un sistema de Con control de velocidad externo Sin control de velocidad externo
gestion de edificios
MTP10 - Potenciador

&

Contacto aux 24V

Alimentacién 120 V !.0/2 o-l
%] %)

Alimentacion 120 V Potenciador Alimentacion 120 V

U - Alimen
acion

®m
®J>+

Blanco SAL. DEL TAC,
Negro o Marrén
CTRL 0-10V/PWM

Blanco SAL. DEL TAC,
Negro o Marrén

Corriente
Corriente
Corriente

ANALISIS DE FALLAS
1.5i el ventilador deja de funcionar, favor comprabar lo siguiente:

a. Consulte los diagramas de cableado adjuntos para compraobar las conexiones correctas.

b. Para asegurar el buen contacto compruebe los cables del motor y la alimentacion.

c. Sies posible, use un chmiémetro para comprabar la continuidad entre contactos del ventilador.
2.Si el ventilador sigue sin funcionar, pida al representante de Fantech instrucciones de devolucién/reemplazo.
MANTENIMIENTO
1.No hay necesidad de lubricacion, ya que los rodamientos del ventilador estan sellados y vienen cargados de lubricante.
2.Por lo menos una vez al afio, limpie el impulsor.




10

WARRANTY

Five (8) Year Warranty

This warranty supersedes all prior warranties

DURING ENTIRE WARRANTY PERIOD:

Fantech will repair or replace any part which has a factory defect in
workmanship or material. Product may need to be returned to the
Fantech factory, together with a copy of the bill of sale and identified
with BMA number.

FOR FACTORY RETURN YOU MUST:

¢ Have a Return Materials Authorization (RMA) number. This may be
obtained by calling Fantech either in the USA at 1.800.747.1762 or
in CANADA at 1.800.565.3548. Please have bill of sale available.

e The RMA number must be clearly written on the outside of the
carton, or the carton will be refused.

e All parts and/or product will be repaired/replaced and shipped back to
buyer; no credit will be issued.

OR

The Distributor may place an order for the warranty part and/or product

and is invoiced. The Distributor will receive a credit equal to the invoice

only after product is returned prepaid and verified to be defective.

FANTECH WARRANTY TERMS DO NOT PROVIDE FOR REPLACEMENT
WITHOUT CHARGE PRIOR TO INSPECTION FOR A DEFECT.
REPLACEMENTS ISSUED IN ADVANCE OF DEFECT INSPECTION ARE
INVOICED, AND CREDIT IS PENDING INSPECTION OF RETURNED
MATERIAL. DEFECTIVE MATERIAL RETURNED BY END USERS SHOULD
NOT BE REPLACED BY THE DISTRIBUTOR WITHOUT CHARGE TO THE

Limitation of Warranty and Liahility

This warranty does not apply to any Fantech product or part which has
failed as a result of faulty installation or abuse, incorrect electrical
connections or alterations made by others, or use under abnormal
operating conditions or misapplication of the product or parts. We will
not approve for payment any repair not made by us or our authorized
agent without prior written consent. The foregoing shall constitute our
sole and exclusive warranty and our sole exclusive liability, and is in lieu
of any other warranties, whether written, oral, implied or statutory.
There are no warranties which extend beyond the description on the
page hereof. In no event, whether as a result of breach of contract, or

Warning

Fantech products are designed and manufactured to provide reliable
performance, but they are not guaranteed to be 100% free from
defects. Even reliable products will experience occasional failures and
this possibility should be recognized by the user. If these products are

END USER, AS CREDIT TO DISTRIBUTOR'S ACCOUNT WILL BE
PENDING INSPECTION AND VERIFICATION OF ACTUAL DEFECT BY
FANTECH.

THE FOLLOWING WARRANTIES DO NOT APPLY:

e Damages from shipping, either concealed or visible. Claim must be
filed with freight company.

e Damages resulting from improper wiring or installation.

e Damages or failure caused by acts of God, or resulting from improper
consumer procedures, such as:

1. Improper maintenance
2. Misuse, abuse, abnormal use, or accident, and
3. Incorrect electrical voltage or current.

e Removal or any alteration made on the Fantech label control number
or date of manufacture.

e Any other warranty, expressed, implied or written, and to any
consequential or incidental damages, loss or property, revenues, or
profit, or costs of removal, installation or reinstallation, for any breach
of warranty.

UWVARRANTY VALIDATION

e The user must keep a copy of the hill of sale to verify purchase date.

e These warranties give you specific legal rights, and are subject to an
applicable consumer protection legislation. You may have additional
rights which vary from state to state.

warranty or alleged negligence, defect incorrect advice or other causes,
shall Fantech be liable for special or consequential damages, including,
but not limited to, loss of profits or revenue, loss of use of equipment or
any other associated equipment, cost of capital, cost of substitute
equipment, facilities or services, downtime costs, or claims of
customers of purchase for such damages. Fantech neither assumes or
authorizes any person to assume for it any other liahility in connection
with the sale of product(s) or part(s). Some jurisdictions do not allow the
exclusion or limitation of incidental or consequential damages so the
above limitations and exclusions may not apply to you.

used in a life support ventilation system where failure could result in loss
or injury, the user should provide adequate backup ventilation,
supplementary natural ventilation, failure alarm system, or acknowledge
willingness to accept the risk of such loss or injury.



GARANTIE

Garantie de 5 ans
Cette garantie remplace toutes les garanties précédentes.

DURANT TOUTE LA PERIODE DE GARANTIE:

Fantech s'engage a réparer ou a remplacer toute piece présentant un
défaut d'usine en matiére de qualité d'exécution ou de matériau. |l sera
peut étre nécessaire de retourner le produit a l'usine Fantech,
accompagné d'une copie du contrat de vente et du numéro d'autorisation
de retour.

POUR RETOURNER UN PRODUIT A L'USINE, VOUS DEVEZ:

e Obtenir un numéro d'autorisation de retour; pour ce faire,
communiquer avec Fantech aux Etats-Unis au numéro
1.800.747.1762, ou au Canada, au numéro 1.800.565.3548.
Veuillez avoir votre contrat de vente a portée de la main.

e S'assurer que le numéro d'autorisation de retour est lisible sur
I'extérieur de la baite, sinon la boite sera refusée.

e Toutes les pieces et/ou le produit seront réparés ou remplacés puis
retournés a I'acheteur. Aucun crédit ne sera accordg.

0ou

Le Distributeur peut commander une piece ou un produit couvert par la

garantie; la facture lui sera envoyée. Le distributeur ne sera crédité du

montant de sa facture qu'aprés que le produit a été retourné port payé
et qu'il a été trouvé défectueux.

LES TERMES DE LA GARANTIE DE Fantech NE PREVOIENT PAS DE
REMPLACEMENT SANS FRAIS AVANT QUE LA PIECE OU LE PRODUIT
DEFECTUEUX AIT ETE INSPECTE. LES PRODUITS OU PIECES
REMPLACES AVANT L'INSPECTION DE LA DEFECTUOSITE SERONT
FACTURES ET LE MONTANT DU CREDIT EST FONCTION DE
L'INSPECTION DE LA PIECE OU DU PRODUIT RETOURNE. LE
DISTRIBUTEUR NE DOIT PAS REMPLACER SANS FRAIS POUR

Limites de garanties et de responsabilités

Cette garantie ne s'applique a aucun produit de Fantech ou a aucune
piece détachée dont la défectuosité releve d'une erreur d'installation ou
d'abus ou de mauvaise installation électrique ou dut a des modifications
extérieures ou utilisées dans des conditions anormales ou encore une
mauvaise installation du produit ou des pieces détachées. Nous
n‘approuverons aucun remboursement pour des réparations qui ne sont
pas effectuées par un agent ameéricain ou un agent autorisé sans un
accord écrit. Ce dernier constituera notre seule et exclusive garantie et
notre seule exclusive responsabilité et tient lieu de toute autre garantie
ou hien écrite ou orale implicite ou statuaire. Aucune garantie ne
s'appliquera au-dela des descriptions faites de la page ci-dessus. En
aucun cas, que ce soit pour une rupture de contrat ou de garanties ou

Avertissement

Les produits de Fantech sont congus et fabriqués pour produire des
performances fiables, mais il n'y a aucune garantie qu'ils soient 100%
sans défaut. Les plus produits les plus fiables ont occasionnellement des
deéfectuosités et cette possibilité devraient étre reconnu par les usagers.
Si ces produits sont utilisés comme une source de ventilation ou leur
panne risque de mettre en danger des vies humaines ou entrainer des

(K

L'UTILISATEUR FINAL L'EQUIPEMENT DEFECTUEUX RETOURNE PAR
L'UTILISATEUR FINAL, CAR LE COMPTE DU DISTRIBUTEUR NE SERA
CREDITE GU'APRES L'INSPECTION ET LA VERIFICATION PAR FANTECH
DE LA DEFECTUQSITE.

LES GARANTIES NE S'APPLIQUENT PAS DANS LES CAS SUIVANTS:
e Dommages dus au transport (dissimulés ou visibles). Les
réclamations doivent étre faites a la compagnie de fret.
e Dommages dus au mauvais cablage ou a l'installation inappropriée.
e Dommages ou défectuosité causés par une calamité naturelle ou
résultant d'une procédure irréguliere de I'acheteur, notamment :
1. Entretien irrégulier
2. Mauvais usage, usage abusif, usage anormal ou accident
3. Tension ou courant électrigue incorrect
e Enlevement ou toute modification du numéro de contrdle ou de la date
de fabrication de I'étiquette Fantech
e Toute autre garantie expresse, écrite ou implicite, pour les dommages
accidentels ou indirects, perte de biens, de recettes, manque a
gagner ou co(ts relatifs a la dépose, a l'installation ou a la
réinstallation, en cas de violation de garantie.

CERTIFICATION DE LA GARANTIE:

e | 'utilisateur doit conserver une copie du contrat de vente pour
confirmer la date d'achat.

e | es présentes garanties vous donnent des droits spécifiques reconnus
par la loi et sont régies par les lois sur la protection du
consommateur appropriées. Il est possible que différents états offrent
d'autres droits.

des dommages dut a la négligence ou a des conseils incorrects ou
autres causes, Fantech ne pourra étre tenu pour responsable des
dommages particuliers ou consécutifs, incluant mais pas limités aux
pertes et profits ou bénéfices perte de matériel ou autres matériels
associés. Colt du capital, colt des équipements de remplacement,
matériels ou services, colt de temps d’arrét ou les réclamations des
clients pour de tels dommages. Fantech ne délégue ou autorise aucune
personne d'assumer sa responsabilité sur la vente du produit ou des
pieces détachées. Certaines juridictions ne permettent pas I'exclusion de
la limitation des dommages accidentels ou consécutifs ainsi ces
limitations ci-dessus et les exclusions ne s'appliquent pas a vous.

blessures, les usagers devront avoir une source de ventilation de
secours en addition a une ventilation naturelle, le défaut de systeme
d'alarme ou la connaissance de ces conditions entrainent sa
responsabilité envers de telles pertes ou blessures.

fantech
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GARANTIA

Garantia de Cinco (3) Anos
Esta garantia de sin efecto cualquier otra garantia anterior

DURANTE EL PERIODO INTEGRO DE LA GARANTIA:

Fantech reparara o reemplazara toda parte que presente un defecto en
el material o en la mano de obra. Es posible que el producto deba ser
devuelto a la fabrica Fantech, juntamente con una copia de la constancia
de compraventa e identificado con el nimero de RMA.

PARA DEVOLUCION A FABRICA USTED DEBE:

e Tener un nimero de Autorizacién de Devolucién de Material (RMA].
Esto se puede obtener llamando a Fantech ya sea en los Estados
Unidos al 1.800.747.1762

e en Canadd al 1.800.565.3548. Tenga a mano la constancia de

compraventa.

¢ El nimero de RMA deberd estar claramente escrito en la parte
exterior de la caja, de lo contrario la caja serd rechazada.

e Todas las partes y/o el producto serén reparados/reemplazados y
devueltos al comprador; no se otorgara crédito.

0 BIEN

El Distribuidor puede colocar una orden por la parte y/o producto en
garantfa y facturarla/o. El Distribuidor recibird un crédito igual a la
factura s6lo después de que se haya devuelto el producto con pago
previo y con verificacién de defecto.

LAS CONDICIONES DE LA GARANTIA DE FANTECH NO CONTEMPLAN
EL REEMPLAZO SIN CARGO ANTES DE REALIZAR LA INSPECCION
PARA DETECTAR DEFECTOS. LOS REEMPLAZOS EMITIDOS ANTES DE
INSPECCIONAR POR DEFECTOS SON FACTURADQS, Y EL CREDITO
ESTA A LA ESPERA DE INSPECCION DEL MATERIAL DEVUELTO. EL
MATERIAL DEFECTUOSO DEVUELTO POR LOS USUARIOS FINALES NO

Limitacion de Garantia y Responsabilidad Civil

Esta garantia no cubre ningln producto o pieza de Fantech que haya
fallado por mala instalacion, abuso, conexién eléctrica incorrecta o por
alteraciones hechas por terceros, o por utilizacion bajo condiciones
anormales de operacion, o por aplicacién incorrecta del producto o de
las piezas. Nosotros no aprobamos el pago de ninguna reparacién que
no se haya realizado por nosotros o por nuestro agente autorizado previo
consentimiento por escrito. Lo que antecede constituird nuestra Unica y
exclusiva garantia y nuestra Unica y exclusiva responsabilidad; y obra en
lugar de cualquier otra garantia, ya sea escrita, verbal, tacita o
estatutaria. No hay ninguna garantia que vaya més alla de lo que esta
descrito en esta pagina. Bajo ninguna circunstancia respondera Fantech,
ya sea por incumplimiento de contrato o garantia ni por alegada

Advertencia

Aunque los productos de Fantech estan disefiados y son fabricados para
un rendimiento seguro, no garantizamos que estén libres de defectos al
100%. Hasta productos confiables a veces fallan; y el usuario debe

reconocer esta posibilidad. Si estos productos se utilizan en un sistema

DEBERA SER REEMPLAZADO POR EL DISTRIBUIDOR SIN CARGO PARA
EL USUARIO FINAL, YA GUE EL CREDITO DE LA CUENTA DEL
DISTRIBUIDOR ESTARA A LA ESPERA DE INSPECCION Y VERIFICACION
DEL DEFECTO REAL POR FANTECH.

LAS SIGUIENTES GARANTIAS NO SE APLICAN:

¢ Dafios durante el envio, ya sean encubiertos o visibles. Se deberd
presentar el reclamo a la compafiia transportadora.

¢ Dafios ocasionados por cableado o instalacion indebidos.

¢ Dafios o fallas causados por hechos fortuitos, u ocasionados por
procedimientos impropios por parte del usuario, tales como:

1. Mantenimiento indebido

2. Uso indebido, abuso, uso anormal o accidente y

3. Tensidn o corriente eléctrica incorrecta.

e Remocién o modificacién realizada al ndmero de control del rétulo de
Fantech o de la fecha de fabricacion.

e Toda otra garantia, expresa, implicita o escrita, dafios y perjuicios,
pérdida de propiedad, de ingresos, o de beneficios, o costo de
remocion, instalacion o reinstalacién por incumplimiento de la
garantia.

UALIDACION DE LA GARANTIA

e E| usuario debe conservar una copia de la constancia de compraventa
para verificar la fecha de compra.

e Estas garantias le otorgan derechos legales especificos, y estan
sujetas a una legislacion aplicable para proteccion del consumidor.
Usted puede tener derechos adicionales que varian de estado en
estado.

negligencia, defecto, consejos incorrectos u otra causa, por dafios
especiales 0 consiguientes, incluso, pero no de manera Unica, pérdida de
ganancias 0 ingresos, equipo cesante o cualquier otra pérdida relativa a
equipos asociados; el costo del capital, costo de equipos, instalaciones o
Servicios sustitutos, tiempo ocioso o reclamos de clientes por compras
incurridas por tales dafios. Fantech ni asume ni autoriza a ninguna
persona a que asuma a su nombre ninguna otra responsabilidad relativa
a la venta de productos o piezas. Debido a que algunos distritos
jurisdiccionales no permiten la exclusién o limitacion por dafios
incidentales o consiguientes, puede que las limitaciones y limitaciones
antes descritas no lo afe cten a Ud.

de ventilacion vital en donde una falla pudiera dar lugar a pérdidas o
lesiones, el usuario debe disponer de una ventilacion adecuada de
reserva, ventilacion natural suplemental, sistema de alarma de fallas, o
expresar su voluntad de aceptar el riesgo de tales pérdidas o lesiones.
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Fantech reserves the right to make technical changes. Fantech se réserve le droit de faire des changements Fantech se reserva el derecho de hacer modificaciones
For updated documentation please refer to www.fantech.net techniques. Pour de la documentation a jour, s'il vous plait se técnicas en cualquier momento. Para obtener la documen-
référer au www.fantech.net tacion actualizada, por favor consulte www.fantech.net

Fantech®

fantech”

a systemair company
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| |EnviRONMENT CONDITIONS - :
= ' MobEL 5725
4| | TEMPERATURE . = 74.4(23.6) | °F (°C). ~
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| ol fe e S K : _ SERIAL NUMBER 157251511004
BAROMETRIC PRESSURE =128:75 (973.6) | inHg (hPa) - ; :
= Kas LEFT e - [N ToLERANCE
1 OasFounp I OuT OF TOLERANCE
 —~CALIBRATION VERIFICATION RESULTS-
VELOCITY =~ ‘ SYSTEM RV01-01 , Uniit: ft/min ( /s )
#| STANDARD | 'MEASURED ALLOWABLE RANGE #| STANDARD MEASURED ALLOWABLE RANGE
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ss====| “Techiiology (NIST) or hds been verified with respect io instrumentation whose accuracy is fraceable 1o NIST, or is derived from accepted values =l
;‘:EEE sof physical constants. TSI 's calibration system-is-registered to 1SO-9001:2008. . - :3:;.
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CERTIFICATE OF CALIBRATION

Dwyer Instruments, Inc. P.O. Box 373 Michigan City, IN 46361
Fax: (219) 872-9057 Phone: (219) 879-8000

Customer: New Mexico Tech Date August 12, 2015
Address:  Accounts Payable Due August 11, 2016
801 Leroy Pl PO # DP167168
Socorro, NM 87801 Model # 648B-15
Accuracy: 0.8 % of Full Scale Sales Ord. # S430294
Full Scale RMA # N/A
Pressure Reading: 2 Units: INW. C. Certificate No.: 15DWY00SB-0045
Current Reading: 20 Units: mA
This certifies that the instrument listed below has been calibrated using a standard
having an accuracy as listed, and is traceable to the NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY (NIST). Master Gage Accuracy: .06 % Full Scale

Calibration Standard Information Instrument Information
Serial No. Cert. Rpt. No. Last Cal. Date 1.D. No. of Instrument being Calibrated
Base: 49315 49315-28770 07/27/15 4914183

Module 1: 10669 | 10669-42066 | 03/02/15 | Customer's L.D. No. (If Different)
Module 2: e e P e e e e e -

]

Condition TN
OfMeter | . After Repair As Received

TH

b

it
&

NEW / AS RECEIVED
Actual Gage Current Full Scale
Pressure Setting Reading (mA) mA Error (%)
-1.0006 4.01000 0.09%
-0.5002 8.00200 0.02%
10.0000 12.00700 0.04%
05003 |  16.01100 | 0.05%
1.0008 | 20.00500 | 0.02%

i

=
S
%
S
=
=
=

Signed: /;{//' ﬁ Procedure No.: ~ TC-00030
L Jenpifer Estep
Customer Please Note: When requesting recalibration please mention the 1.D. number of your

instrument; when requesting other information on the calibrated instrument please mention
the Certificate No.
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CERTIFICATE OF CALIBRATION

Dwyer Instruments, Inc. P.O.Box 373 Michigan City, IN 46361
Fax: (219) 872-9057 Phone: (219) 879-8000

Customer: New Mexico Tech Date August 12, 2015
| Address: Accounts Payable Due August 11, 2016
801 Leroy Pl PO # DP167168
Socorro, NM 87801 Model # 648B-15
Accuracy: 0.8 % of Full Scale Sales Ord. # S430294

Full Scale RMA # N/A
Pressure Reading: 2 units:  IN'W. C. Certificate No.: 15DWY00SB-0046
Current Reading: 20 Units: mA
This certifies that the instrument listed below has been calibrated using a standard
having an accuracy as listed, and is traceable to the NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY (NIST). Master Gage Accuracy: .06 % Full Scale

L

4

. Calibration Standard Information Instrument Information

Serial No. Cert. Rpt. No. Last Cal. Date | 1.D. No. of Instrument being Calibrated
49315 49315-28770 07/27115 4514088
10669 | 1066942066 | 03/02/15 | Customer's .D. No. (if Different)

.| |Condition e
o) |[OfMeter = New ; After Repair As Received

INEW / AS RECEIVED
Actual Gage Cumt Full Scale
Pressure Setting Reading (mA) -mA Error (%)
-1.0002 3.97300 -0.16%
05006 | 7.97800 | -0.11%
0.0001 11.99600 -0.03%
04997 | 1599900 | 0.01%
10005 | 20.00000 | -0.02%

%/ Procedure No.:  TC-00030

Jenpifer Estep

Customer Please Note: When requesting recalibration please mention the I.D. number of your
instrument; when requesting other information on the calibrated instrument please mention
the Certificate No.




CERTIFICATE OF CALIBRATION

Dwyer Instruments, Inc. P.O. Box 373 Michigan City, IN 46361
Fax: (219) 872-9057 Phone: (219) 879-8000

, Customer; New Mexico Tech Date August 12, 2015
Accounts Payable Due August 11, 2016
801 Leroy Pl PO # DP167168
Socorro, NM 87801 Model # 648B-05
Accuracy: 0.8 % of Full Scale Sales Ord. # $S430294
Full Scale RMA # N/A

Pressure Reading: 2.5 Units: INW.C. Certificate No.: 15DWY00SB-0047
Current Reading; 20 Units: mA

This certifies that the instrument listed below has been calibrated using a standard
having an accuracy as listed, and is traceable to the NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY (i NIS 7). Master Gage Accuracy: .06 % Full Scale

.\/ Calibration Standard Information Instrument Information

7} Serial No. Cert. Rpt. No. Last Cal. Date | 1.D. No. of Instrument being Calibrated
Base: 49315 49315-2877! 07/27115 4614118

Module 1: 15366 _ 15366-42005 - 04/01/15 | Customer's I.D. No. (If Different)

| |Condition -}
i |OfMeter — | Nev | After Repair As Received

_[NEW 7 AS RECEIVED AFTER REPAIR
Actual Gage Current Full Scale 3
Pressure Setting Reading (mA) mA Error (%)
0.000 4000 | 0.00%
0502 | 7221 | 0.05%
1.002 10.416 0.02%
1502 | 13812 | 0.00%
2008 | 16854 | 0.02%
2503 20.024 0.03%

Procedure No.:  TC-00030

Customer Please Note: When requesting recalibration please mention the 1.D. number of your
S 2«"" jnstrument; when requesting other information on the calibrated instrument please mention
the Certificate No.

T s
I‘E'ffiiﬂ




CERTIFICATE OF CALIBRATION

Dwyer Instruments, Inc. P.O. Box 373 Michigan City, IN 46361
Fax: (219) 872-9057 Phone: (219) 879-8000

Customer: New Mexico Tech Date August 12, 2015
Address: Accounts Payable Due August 11, 2016
801 Leroy Pl PO # DP167168
Socorro, NM 87801 _ Model # 648B-05
Accuracy: 0.8 % of Full Scale Sales Ord. # 430294
Full Scale RMA # N/A
Pressure Reading: 25 units:. INW.C, Certificate No.:  15DWYO0SB-0048
Current Reading: 20 Units: mA
This certifies that the instrument listed below has been calibrated using a standard
having an accuracy as listed, and is traceable to the NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY (NIST). Master Gage Accuracy: .06 % Full Scale

Calibration Standard Information Instrument Information
Serial No. Cert. Rpt. No. Last Cal. Date | 1.D. No. of Instrument being Calibrated
Base: 49315 49315-28770 07/27/15 0115016

Module 1: 15366 _15366-42095 | 04/01/15 | Customer's 1.D. No. (If Different)
Module 2: - = ‘_f NN ":_-._" T o

Condition ;
OfMeter | "New |  After Repair

__[NEW7AS RECEIVED AFTER REPAIR
Actual Gag_e =" Current Full Scale =
Pressure Setting Reading (mA) | mA Error (%)
0000 | 4079 | 049%
0505 | 7209 | 042% ||
1.007 10480 | 0.22%
1504 | 13642 | 010%
2008 | 16835 | 040%
2502 20.037 0.15%

Signed: /Dd% ﬁé’ Procedure No.:  TC-00030
AT A &

Customer Please Note: When requesting recalibration please mention the I.D. number of your
instrument; when requesting other information on the calibrated instrument please mention
the Certificate No.
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Certificate Of Calibration

New Mexico Tech, Mechanical Engineering

Cust. P.O.#: DP165668 Report#:  OS-N000003732
Test Item: XC-20-K-120-CAL-3 WO : N000003732

Recal Date: Per System Application

CAL-3

Omega Engineering, Inc. certifies that the above instrumentation has been calibrated and tested
to meet or exceed the published specifications. This calibration and testing was performed using
instrumentation and standards that are traceable to the National Institute of Standards and
Technology. Calibration has been performed in compliance with ISO 10012-1, ISO 9001 and
ANSI/NCSL Z540-1-1994 as well as ASTM E 230 and ANSI MC96.1. This Certificate/Report
shall not be reproduced, except in full, without written consent of Omega Engineering Inc.

Ret 1.D: "@11120

Test Conditions: ~ Temperature 74°F  Relative Humidity 50%

Procedure used: QAP-2100
The maximum calibration uncertainty is calculated to be 0.3C from -25C to 500 C and 0.55C from 500C to 1100C.

INSTRUMENTS USED:

MODEL SERIAL# CAL DUE DATE N.I.S.T. NUMBERS

Phillips PM2534 DM574003 05/05/16 NNCL-100-06

RTD (Burns) 745098 06/08/16 NNPR-100-01

RTD (Burns) 765565 06/08/16 NNPR-100-05

RTD (Burns) 765566 06/08/16 NNPR-100-06

TRCIII 1-0012 06/11/16 NNCL-098-31

DP251 2193-022-2473 06/05/16 NNDP-100-10

Nominal Actual Test Indicated
Probe No.
Temperature Temperature Temperature

1 212l 21202k 212 3:°F
1 392°F 392.0.°F STk
1 752 9 752.0 °F T 0°k

)JAM-W\JL- Cz’m/ A, /‘?f/uz/ﬁu /g

Metrology Technician Quality Assurance Inspector
Calibration Date: 07-29-15 Pagetil o EEs

OMEGA Engineering, Inc., One Omega Circle, P.O. Box 336, Bridgeport, NJ 08014-0336 Telephone: (856) 467-4200 - FAX: (856) 467-1212

www.omega.com e-mail: info@omega.com e



An 0.’IEG;I. .Teehnologl'os Compang

Form:053-0005-3 Rev.C

Continued Report# OS- N000003732

Nominal Actual Test Indicated
Probe No.
Temperature Temperature Temperature
0, 212 5E 212.0EE 228 ek
2 392 °F 392.0 °F 391.7 °F
2 752 °F 752.0 °F 752.9 °F
3 212 °F 212.0 °F 2123 °F
3 392 °F 392.0 °F 391.8 °F
3 752 °F 752.0 °F 5B
4 2128 212.0 °F 212.3 °F
4 392 °F 392.0 °F 391.8 °F
4 152.°F 752.0 °F 753.0 °F
5 212 °F 219102F 2122
5 392 °F 392.0 °F 391.8 °F
5 7522 752.0 °F 753.0 °F
6 212:%E 2D 212.4 °F
6 392 °F 392.0 °F 392.0 °F
6 192.°FE TS0 e 753.0 °F
7 21 2ER 212.0 °F 212 35 E
7 392 °F 392.0 °F 391.8 °F
7 752°F 752.0 °F 753.1 °F
Pagesfi of 8
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An OMEGA Technologies Compangy

Form:053-0005-3 Rev.C

Continued Report# OS-N000003732

Nominal Actual Test Indicated
Probe No.
Temperature Temperature Temperature
8 212 °F 2120°F 2123 °F
8 392 °F 392:0:°k 3918 °K
8 152 2H 715205k SR

Bage s 3Womhe 3

OMEGA Engineering, Inc., One Omega Circle, P.O. Box 336, Bridgeport, NJ 08014-0336 Telephone: (856) 467-4200 - FAX: (856) 467-1212

www.omega.com e-mail: info@omega.com WCS - 0638A



c FLIR ‘ The World's Sixth S

Extended Calibration Certificate

Customer Name: INSTRUMART
Customer Address: 35 GREEN MOUNTAIN DRIVE

SOUTH BURLINGTON, VT. 05403
Customer P.O. #: PO107896
Notification Number: NA Condition Received: IN TOLERANCE
Model Number: T640 Received Date: 04/22/2016
Serial Number: 55909287 Calibration Interval: 12 MONTHS
Calibration Date: 04/22/2016 Calibration Due: 04/22/2017

It is hereby certified that the above equipment was calibrated by FLIR Systems, Inc. using NIST traceable equipment as listed below
and meets FLIR Systems, Inc. calibration specifications.

FLIR Systems, Inc. imaging radiometers are calibrated for either absolute or relative temperature measurements or both. This
process is accomplished by characterizing the detector response to a series of known temperature "blackbodies." During the
calibration process, the radiometer signal processor's output is calibrated so that it has a direct correlation to the temperature
differences created by the various blackbodies.

FLIR Systems, Inc. recommends that its radiometric products be re-calibrated annually.

Calibration Procedure — QOP-72-04

Note: This report may not be reproduced, except in full, without the written permission of FLIR Systems, Inc.
Phone: 866-FLIR-911 option 2 » Fax: 603-324-7702 « Email: CCare@flir.com
Form No. ISO-9001-068 = Rev. E - 042115 Page 1 of 4
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c FLIR | The World's Sixth 8

Model: T640 Serial Number: 55909287

As Received Calibration Data

Calibration Conditions:

Temperature: 26.6°C Humidity:  33%
Lens: FOL25

Range Nom Temp/Tol (°C) Te'\:ne:::l;:udre Difference Status
- 40°C - 150°C 2.0°C /+2.00°C 1.9°C -0.1°C PASS
-40°C - 150°C 35.0°C /+2.00°C 35.6°C 0.6°C PASS
-40°C-150°C 55.0°C  /£2.00°C 55.8°C 0.8°C PASS
- 40°C - 150°C 80.0°C /+2.00°C 80.8°C 0.8°C PASS
-40°C-150°C 110.0°C  /+£2.20°C 110.0°C 0.0°C PASS
-40°C-150°C 150.0°C  /+3.00°C 152.0°C 2.0°C PASS
100°C - 650°C 110.0°C [/ +2.20°C 110.0°C 0.0°C PASS
100°C - 650°C 150.0°C  /+3.00°C 151.0°C 1.0°C PASS
100°C - 650°C 200.0°C [/ +4.00°C 200.0°C 0.0°C PASS
100°C - 650°C 250.0°C [/ +5.00°C 251.0°C 107 PASS
100°C - 650°C 280.0°C /+5.60°C 281.0°C 1.0°C PASS
100°C - 650°C 350.0°C /+7.00°C 351.0°C 1.0°C PASS
100°C - 650°C 500.0°C /+10.00°C 503.0°C 3.0°C PASS
100°C - 650°C 600.0°C /+12.00°C 604.0°C 4.0°C PASS
300°C - 2000°C 350.0°C /+7.00°C 351.0°C 1:0°¢ PASS
300°C - 2000°C 500.0°C /+10.00°C 502.0°C 2.0°C PASS
300°C - 2000°C 600.0°C  /+12.00°C 603.0°C 3.0°C PASS
300°C - 2000°C 700.0°C  /+14.00°C 699.0°C -1.0°C PASS
300°C - 2000°C 850.0°C /+17.00°C 849.0°C -1.0°C PASS
300°C - 2000°C 1100.0°C  /£22.00°C 1105.0°C 5.0°C PASS
300°C - 2000°C 1500.0°C  /+30.00°C 1499.0°C -1.0°C PASS

Approvals:

Calibration Technician:

;ff%

Quality Technician:

A ht_’l ?)O'“LLAE&JL\{_)

Note: This report may not be reproduced, except in full, without the written permission of FLIR Systems, Inc.
Phone: 866-FLIR-911 option 2 « Fax: 603-324-7702 « Email: CCare@flir.com

Form No. ISO-8001-068 * Rev. E - 042115 Page 2 of 4

www.flir.com The World’s Sixth
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OFLIR ‘ The World's Sixth Sense

Model: T640 Serial Number: 55909287

As Left Calibration Data

Calibration Conditions:

Temperature: Humidity: 35%
Lens:

Range Nom Temp/Tol (°C) T:nr::es:arfudre Difference Status
-40°C-150°C 2.0°C /+2.00°C 2.0°C 0.0°C PASS
-40°C-150°C 35.0°C /+2.00°C 35.5°C 0.5°C PASS
-40°C - 150°C 55.0°C  /+2.00°C 8577 0.7°C PASS
-40°C-150°C 80.0°C /+2.00°C 80.7°C 0.7t PASS
-40°C-150°C 110.0°C  /+2.20°C 110.0°C 0.0°C PASS
- 40°C - 150°C 150.0°C  /+3.00°C 152.0°C 2.0°C PASS
100°C - 650°C 110.0°C  /+2.20°C 110.0°C 0.0°C PASS
100°C - 650°C 150.0°C  /+3.00°C 151.0°C 1.0°C PASS
100°C - 650°C 200.0°C /+4.00°C 200.0°C 0.0°C PASS
100°C - 650°C 250.0°C  /+5.00°C 251.0°C 1.0°C PASS
100°C - 650°C 280.0°C  /£5.60°C 281.0°C 1.0°C PASS
100°C - 650°C 350.0°C /£7.00°C 351.0°C 1.0°C PASS
100°C - 650°C 500.0°C /+10.00°C 503.0°C 3.0°C PASS
100°C - 650°C 600.0°C /+12.00°C 604.0°C 4.0°C PASS
300°C - 2000°C 350.0°C /+7.00°C 351.0°C 1.07€ PASS
300°C - 2000°C 500.0°C /+10.00°C 502.0°C 2.0°C PASS
300°C - 2000°C 600.0°C /+12.00°C 603.0°C 3.0°C PASS
300°C - 2000°C 700.0°C  /+14.00°C 699.0°C -1.0°C PASS
300°C - 2000°C 850.0°C /+17.00°C 849.0°C -1.0°C PASS
300°C - 2000°C 1100.0°C  /+22.00°C 1105.0°C 507 PASS
300°C - 2000°C 1500.0°C  /£30.00°C 1499.0°C -1.0°C PASS

Approvals:

Calibration Technician:

Quality Technician:

=

-

0, ( i P m

oy

(—

Note: This report may not be reproduced, except in full, without the written permission of FLIR Systems, Inc.
Phone: 866-FLIR-911 option 2 » Fax: 603-324-7702 » Email: CCare@flir.com

Form No. 1ISO-9001-068 « Rev. E - 042115 Page 3 of 4
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OFLIR ‘ The World's Sixth Sense

Note that customer Calibration services are performed using one or more of the blackbodies listed in the table below. FLIR Systems,
Inc. blackbodies are measurement standard calibrated by FLIR or the OEM manufacturer

Cal ID #'s ysia;E Equipment P;;:izll ;ertiﬁcation Cal ID #'s Efli:;E Equipment 32:2” gertificaticm
53050 BlackBody Source Aug-16 | CC-15-002 53083 / 53085 | BlackBody Source Nov-16 | CC-15-012
53053 /53054 | BlackBody Source Jun-16 | CC-15-001 53129 /53131 | BlackBody Source Nov-16 | CC-15-013
53055 /53056 | BlackBody Source Nov-16 | CC-15-004 53128 /53130 | BlackBody Source Nov-16 | CC-15-014
53059 / 53060 | BlackBody Source Nov-16 | CC-15-005 53223 /53226 | BlackBody Source Nov-16 | CC-15-015
53061 /53062 | BlackBody Source Nov-16 | CC-15-006 53230 /53228 | BlackBody Source Nov-16 | CC-15-016
53063 /53064 | BlackBody Source Nov-16 | CC-15-007 53222 /53225 | BlackBody Source Nov-16 | CC-15-017
53067 / 53068 | BlackBody Source Nov-16 | CC-15-008 53221 /53224 | BlackBody Source Nov-16 | CC-15-018
53069 /53070 | BlackBody Source Nov-16 | CC-15-009 53098 / 53096 | BlackBody Source Nov-16 | CC-15-019
53243 /53244 | BlackBody Source Nov-16 | CC-15-010 53097 BlackBody Source Nov-16 | CC-15-020
53071 /53074 | BlackBody Source Nov-16 | CC-15-011 53231 BlackBody Source Nov-16 | CC-15-021

The devices listed in the table below are used in the calibration of the blackbodies listed in the table above.

Traceable NIST Report Last Cal Next Cal
Equipment Serial Number | Number Date Date Cal Ratio
ASL PRT T-100-450 (ID # 53355) B507995 RD19702 10/12/2015 | 10/12/2016 | 80:1
ASL Digital Indicator F150 (ID #53357) | 59143 RD19702 /30570 10/12/2015 | 10/12/2016 | 80:1
Thermocouple JMS TYPE "S" (ID # 53356) | 43039-1-2 30570 10/12/2015 | 10/12/2016 | 5:1
Thermocouple JMS TYPE "B" (ID # 73621) | 142848-1-1 30570 10/12/2015 | 10/12/2016 | 5:1

Note: This report may not be reproduced, except in full, without the written permission of FLIR Systemns, Inc.
Phone: 866-FLIR-911 option 2 « Fax: 603-324-7702 « Email: CCare@flir.com
Form No. ISO-8001-068 * Rev. E - 042115 Page 4 of 4

www.flir.com .’ FL I R ‘ The World’s Sixth Sense




09/29/2016 Thu 16:14 Control Company 281-482-9448 ID: #233425 Page 1 of 1

e,
Py

s QB Calibration complies with ISO 9001

T g ISO/IEC 17025 AND ANSI/NCSL Z2540-1
Cert. No.: 1045-7493688

Traceable® Certificate of Calibration for Watr/Shock Res Stpwch

e,

Manufactured for and distributed by: Thomas Scientific, Box 99, 99 High Hill Road, Swedeboro, NJ 08085-0099 U.S.A.
Instrument Identification:

Model: 1235C26 S/N: 160274632 Manufacturer: Control Company
Standards/Equipment:
Description Serial Number Due Date NIST Traceable Reference
Non-Contact Frequency Counter 26.66887 5M15/16 1000374678
Certificate Information:
Technician: 150 Procedure: CAL-01 Cal Date: 31216 Due Date: 3/12M18
Test Conditions: 24.8°C 48.0 %RH 1013 mBar
Calibration Data: (New Instrument)
Unit(s) Nominal As Found InTol Nominal As Left InTol Min Max U TUR
Sec/24hr N.A. 0.000 0.233 Y -8.640 8.640 0.037 =41

This Instrument was calibrated using Instruments Traceable to National Institute of Standards and Technology.

A Test Uncertainty Ratio of at least 4:1 is maintained unless otherwise stated and is calculated using the expanded measurement uncertainty. Uncertainty evaluation includes the instrument under
test and is calculated in accordance with the IS0 "Guide to the Expression of Uncertainty in Measurement" (GUM). The uncertainty represents an expanded uncertainty using a coverage factor k=2
to approximate a 95% confidence level In tolerance conditions are based on test results falling within specified limits with no reduction by the uncertainty of the measurement. The results contained
herein relate only to the item calibrated. This certificate shall not be reproduced except in full, without written approval of Control Company

MNominal=Standard's Reading; As Left=Instrument's Reading; In Tol=In Tolerance; Min/Max=Acceptance Range; +U=Expanded Measurement Uncertainty, TUR=Test Uncertainty Ratio;
Accuracy=+({Max-Min)2, Min = Nominal{Rounded) - Tolerance, Max = Nominal{Rounded) + Tolerance, Date=Mh/DDIYY

el
. P
/ ,,w,’,éﬁr.x»-—f’/ff Lo m
Micol Rodriguez, Quality Manager Aaron Judice, Technical Manager

Maintaining Accuracy:

In our opinion once calibrated your Watr/Shock Res Stpweh should maintain its accuracy. There is no exact way to determine how long calibration will be maintained. Watr/Shock Res Stpwechs
change little, if any at all, but can be affected by aging, temperature, shock, and contamination

Recalibration:

For factory calibration and re-certification traceable to National Institute of Standards and Technology contact Control Company

CONTROL COMPANY 4455 Rex Road Friendswood, TX 77546 USA
Phone 281 482-1714 Fax 281 482-9448 service@controld.com www.control3.com

Control Company is an ISQ/EC 17025 2005 Calibration Laboratory Accredited by (AZLA) American Association for Laboratory Accreditation, Certificate Mo, 1750 .01
Control Company is 150 8001:2008 Quality Certified by DNV GL, Certificate No. CERT-01805-2008-A0-HOU-RyA,
International Laboratory Accreditation Cooperation (ILAC) - Multilateral Recognition Arrangement (MRA)

Page 1 of 1 Traceable® is a registered trademark of Control Company



D Experimental Data Sheets

In this appendix, the data sheets recorded during testing are included. Note that test results are
included in this report in a non-chronological order. The mapping between test and condition/trial
number is given in Table 6.

134



Table 6: Conversion between condition and trial to test number.

Condition/Trial | Test Number |

Cond01_T1 19
Cond01_T2 20
Cond01_T3 21
Cond02_T1 1
Cond02_T2 2
Cond02_T3 4
Cond03_T1 5
Cond03_T2 6
Cond03_.T3 7
Cond04_T1 28
Cond04_T2 29
Cond04_T3 30
Cond05_T1 11
Cond05_T2 14
Cond05_T3 15
Cond06_T1 8
Cond06_T2 9
Cond06_T3 10
Cond07_T1 16
Cond07_-T2 17
Cond07.T3 18
Cond08_T1 25
Cond08_T2 26
Cond08_T3 27
Cond09_T1 34
Cond09_T2 35
Cond09_T3 36
Cond10_T1 32
Cond11_T1 22
Cond11.T2 23
Cond11_T3 24
Aborted 3,12, 13, 31, 33
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Emergency Contact Information:

211 or (575) 835-5555

Glovebox Fire Suppression: Experiment # o/

Experimental Conditions

Test Conductor Name

LR, Corrind

Safety Officer Name

Jamie Kinbeted |

Quality Assurance Rep. Name

.m..uuﬁu,mu _\l\ Qi Sey i

Relevant Environmental Conditions

Date Experiment Location Success Aborted
-
G22fle | Toves, z-7mn 7
Start Time 3:39
Ignition Time 393
End Time 350

%,\‘Mn P ohygiveilosiars

O

(A3flas eect, DA step )



Sensor Characteristics

Serial Num DAQ channel

Pressure Sensors Serial Num DAQ channel| Thermocouples
1. Make: Dwyer  Model: 648B-05 | 4614118 AD 1. Make: Omega Model: XC20KI20Cal 3732-1 T1
2. Make; Dwyer Model: 648B-15 4514088 At 2. Make: Omega  Model: XC20K120Cal 37322 T2
3. Make: Dwyer  Model: 648B-05 | 0115016 A2 3. Make: Omega Model: XC20K120Cal 37324 T3
4. Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega  Model: XC20K120Cal 3732-8 T4
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num _ DAQ channel
1. Make: Thomas Model: Traceabl | 160274632 N/A 1. Make: Fenwal Model: 140 deg. 28021-5 DO

2. Make: Fenwal Model: 190 deg. 28021-5 Di
Air Flow meter Serial Num DAQ channel|Cameras Serial Num DAQ channel
1. Make: TSI Model: 5725 1511004 N/A L. Make: Point Grey Model: Grasshopper 3 14273764 N/A

2. Make: Point Grey Model: Grasshopper 3 14273944 N/A

3. Make: Point Grey Model: Grasshopper 3 15383782 N/A

4. Make: FLIR_Model: T840 55909287 N/A

ﬂ\osu side ]
(short sefe J
(safety]
()|

Areryer

"

~T
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Glove Installation

Other key times:

Glove/cover installed LANL insp Port # Glove/cover installed LANL insp Port #
By enbo It 1 Buyzo3o 4 13
Z e 2 T ;
= @ 3 " 5 15
= X 4 c "4 16
L \mw 5 % G % 17
- ‘% 6 # 7 ] 18
74 \W \ 7 v \ 7 19
P CX 8 2 I g 20
BYis 32 i 9 i 73 21
BY3e 32 L 10 o [ & a9
Suyzo3o o 11 By 3032 [ 7 23
s ' h 12 8BY/g3z "K 24
| /
Time & Description of Critical Events & _ ?rmmnm:m:mc:m Notes ¢
[gnition Time: 184 s — &;\p?(cfm visible &R\W QN@»\_.? N& @\ \
500 degrees at glove (approx) Time: pay A Max 233 Y'F mra d7e) N‘Nx\_« »\ﬁ_\ac\ drS z7 )
Breach Time: 345 % Ip
140 Fenwal Detection Time: 25 Y s
190 Fenwal Detection Time: Al A

& Font =8 detrrune by OAR St

T Lt & ha g B AT

rrrr

I

T

T

P S

rr-ri

LA B T L B

i

TE L e L O O G R
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GB Floor (Top View) GB Floor (Side View)
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Legend: E 1 CH W %. A v
A Ignition bag \mW_ucm: Rod C vsd e
A& Sand paper \_A.\Ioam:m: brush I Kbk
27 Screwdriver A~ Scale cord
B Mallet J. Cotton rounds
E Poly Bottle K Kim wipes
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Revision History

Revision & Justification

Authorized Signatures
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # 0z

Experimental Conditions

Test Conductor Name

amre K an.\\.wd‘

Safety Officer Name

yc\ﬂﬁ\ m\.npﬁ\(“ l_

Quality Assurance Rep. Name

PBob \\hﬁhﬂ\r _

Relevant Environmental Conditions

Date Experiment Location Success Aborted
%\Nm«\x% lw\b_l\\m..\v\ 2 \\\W»\\ /\
Start Time {2185
Ignition Time | /2-35~
End Time (25

Ef6° e bunkers
3. rel. \2\235\.&

Aretlas ek, THQ shop)



Sensor Characteristics

Pressure Sensors

Serial Num DAQ channel

Thermocouples

Serial Num DAQ channel

1. Make: Dwyer  Model: 648B-05 | 4614118 AO 1. Make: Omega Model: XC20K120Cal 37321 T1
2. Make: Dwyer Model: 648B-15 4514088 A1l 2. Make: Omega Model: XC20K[20Cal 3732-2 T2
3. Make: Dwyer Model: 648B-05 | 0115016 A2 3. Make: Omega Model: XC20KI20Cal 37324 T3
4. Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega Model: XC20K120Cal 3732-8 T4

Digital Timer

Serial Num DAQ channel

Fenwal Heat De

tector

Serial Num DAQ channel

1. Make: Thomas Model: Traceabl [160274632 N/A 1. Make: Fenwal Model: 140 deg. 28021-5 DO

2. Make: Fenwal Model: 190 deg. 28021-5 D1
Air Flow meter Serial Num DAQ channel|Cameras Serial Num DAQ channel
1. Make: TSI  Model: 5725 1511004 NIA I. Make: Point Grey Model: Grasshopper 3 14273764 N/A

2. Make: Point Grey Model: Grasshopper 3 14273944 NIA

3. Make: Point Grey Model: Grasshopper 3 15383782 N/A

4. Make: FLIR Model: T640 55909287 NfA




m/p A
Glove Installation
Glove/cover installed LANL insp Port # Glove/cover installed LANL insp Port #
BUY 2o 30 B 1 8y Y2030 ( 13
‘p \.Ja 2 ¢ [ \V 14
o iz 3 w i, 15
i B 4 © | & 16
2 3 B i ] 17
v 7 6 2 i 18
Z ! ¥ 7 o~ I / 19
tr m\ﬂw 8 ~” [ A 20
BYvI(s3z o -7 9 e ] 21
B Y 3022 \@ 10 o \@W 29
Buyeozo [ & 11 8 Y3032 [ g 23
2 dt | \@ 12 8 Yyis3z /X 24
7
Time & Description of Critical Events Miscellaneous Notes
Ignition Time: &G 3 s, \rn e (rw,ffu m@\& m
500 degrees at glove Q_E::/ ) Time: \.P 235°E janx 2__,4 .S\u § ® 4 Nv\\%.

Other key times:

Breach Time: Ay A
140 Fenwal Detection Ti N{A
190 Fenwal Detection Time:  MfA
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GB Floor (Top View) GB Floor (Side View)
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A. Ignition bag \mwv:m: Rod £ % ¥
8. Sand paper M. Horsehair brush oo
& Screwdriver A~ Scale cord
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mm«_uo:\ Bottle K Kim wipes
"F. Leather glove ) ook i
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Revision & Justification

Authaorized Signatures
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Emergency Contact Information:
811 or(675) 835556585

Glovebox Fire Suppression: Experiment #_¢2

Experimental Conditions

Test Conductor Name Date Experiment Location Success Aborted
Aevare e bevfes &\Nw\\\\ Torres , 2 ozt ,.\
Safety Officer Name
Plinndid, Bopnerend _ Start Time |_3/04
Quality Assurance Rep. Name Ignition Time /A
\Q.WC\“ \\\\D._\rmh:lr _ End Time >\\\%

Relevant Environmental Conditions

e B° i bunfker
27 7 el \E\x.iw@




Sensor Characteristics

Pressure Sensors Serial Num DAQ channel|Thermocouples Serial Num _ DAQ channel
1. Make: Dwyer Model: 648B-05 | 4614118 A0 I. Make: Omega Model: XC20K120Cal 37321 T1
2. Make: Dwyer Model: 648B-15 4514088 Al 2. Make: Omega Model: XC20KI120Cal 3732-2 T2
3. Make: Dwyer Meoedel: 648B-05 | 0115016 A2 3. Make: Omega Model: XC20K120Cal 37324 T3
4. Make: Dwyer Model: 648B-15 4914183 A3 4, Make: Omega Model: XC20K120Cal 3732-8 T4
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num DAQ channel
1. Make: Thomas Model: Traceabl | 160274632 N/A 1. Make: Fenwal Model: 140 deg. 28021-5 DO

2. Make: Fenwal Model: 190 deg. 28021-5 D1
Air Flow meter Serial Num DAQ channel|Cameras Serial Num DAQ channel
1. Make: TSI Model: 5725 1511004 N/A I. Make: Point Grey Model: Grasshopper 3 14273764 N/A

2. Make: Point Grey Model: Grasshopper 3 14273944 N/A

3. Make: Point Grey Model: Grasshopper 3 15383782 N/A

1. Make: FLIR_Model: T640 55908287 N/A
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Glove Installation

Glove/cover installed
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Port #
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Glove/cover installed
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Sv3e32

S Y532

Port #
13
14
15
16
17
18
19
20
21
22
23
24

500 degrees at glove (approx) Time:
Breach Time:

140 Fenwal Detection Time:

190 Fenwal Detection Time:

Other key times:

A4
AA

s
ATA

~A

Time & Description of Critical Events

Ignition Time:  fruleme = Nw!.lﬁn —=> abeorted

i

Miscellaneous Notes
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GB Floor (Top View)

GB Floor (Side View)
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Legend: Y ¢
& Ignition bag /3. Push Rod t ?ﬁv e
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A Screwdriver A Scale cord o,
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LE. Poly Bottle \xwx:: wipes
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # - ocf

Experimental Conditions

Test Conductor Name

A.MIQ.%SH..A. _mHhV)T,n.\\.ﬂ,A

Safety Officer Name

NU“T\NQ m,J\QJ\L #

Quality Assurance Rep. Name

mgw \\\m\_.\...mn.\)l _

Relevant Environmental Conditions

Date Experiment Location Success Aborted
N\\Nm\\n‘ /orres, 2 ~fon— \
Start Time e
Ignition Time | 3iZZ
End Time 35: 3+

mmm.nwb \”.\e W?F\ﬂm*\,
Nmu\ vl MSE.S\W\Q

\b._.\._unwo_)u h(ﬂ—\ Ug M.,T muv
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Sensor Characteristics

Pressure Sensors Serial Num DAQ channel|Thermocouples Serial Num _ DAQ channel
1. Make: Dwyer  Model: 648B-05 | 4614118 A0 1. Make: Omega  Model: XC20K120Cal 37321 T1
2. Make: Dwyer Model: 648B-15 4514088 A1l 2. Make: Omega  Model: XC20K[20Cal 37322 T2
3. Make: Dwyer Model: 648B-05 | 0115016 A2 3. Make: Omega Model: XC20K120Cal 37324 T3
4. Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega  Model: XC20K120Cal 3732-8 T4
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num DAQ channel
1. Make: Thomas Model: Traceabl | 160274632 N/A 1. Make: Fenwal Model: 140 deg. 28021-5 DO

2. Make: Fenwal Model: 180 deg. 28021-5 D1
Air Flow meter Serial Num DAQ channel|Cameras Serial Num DAQ channel
1. Make: TSl Model: 5725 1511004 N/A I. Make: Point Grev Model: Grasshopper 3 14273764 N/A

2. Make Point Grey Model: Grasshopper 3 14273944 N/A

3. Make: Point Grey Model: Grasshopper 3 15383782 N/A

4. Make: FLIR Model: T640 55909287 N/A




Glove Installation

Breach Time:

140 Fenwal Detection Time: 567 5,

HGD s,

190 Fenwal Detection Time: .+Qr* S,
Other key times:

I Glove/cover installed LANL insp Port # Glove/cover installed LANL insp Port #
_Ruyzeso lﬂ 1 BUY 203 o a4 13
Z rq 2 o ' W 14
i Uy 3 2 [ 7 15
— 4 { I..m 4 173 \ b 16
- « K 5 - = 17
e ' 2 6 y /3 18
o ] N 7 i ,V 19
’r & 8 @ { \.W 20
EYls32 F 7 9 2 B 21
& Y3032 L 7 10 v [ p 22
SBuyzo 3o 3 11 EY 3032 L 23
« 5 12 By [S32— 7 / 24
{ v/
Time & Description of Critical Events Miscellaneous Notes
Ignition Time: 297 ¢ , Flame wbbiv VYA LA \
500 degrees at glove (approx) Time: NMA, nw.m‘ﬁq_nc?.rx mrw > \NL\%A Q\m{\mzf m%w_.\. \m
(4]
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GB Floor (Top View)

B Sand paper
& Screwdriver
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C
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Legend:
X Ignition bag & Push Rod

A Horsehair brush
4 Scale cord

BT, Mallet & Cotton rounds
| E. Poly Bottle A Kim wipes
\_u.\_vmmﬁzmﬁ glove A Gkt

GB Floor (Side View)
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # oS

Experimental Conditions

Test Conductor Name
U.‘M::\:.,..n \m..\h. M\S ___\ﬁr\b..d.

Safety Officer Name
S awae Erinb «m.\\hr\ﬂ _

Quality Assurance Rep. Name
ruw.lhuwn.mv_ \A,O.Z\TM.\.U _

Relevant Environmental Conditions

Date Experiment Location Success Aborted
b2 (e Torms, 2-fort v
i !
Start Time fO18Y
Ignition Time /0:35
End Time o

mn\v\.nmn sin mgvr.m\lk:\.l
3S  geed. \NE:\:.Q\WM\.M

D

\w%k\a\w wihecf \
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Sensor Characteristics

Pressure Sensors Serial Num DAQ channel[Thermocouples Serial Num  DAQ channel
1. Make: Dwyer  Mcdel: 648B-05 | 4614118 AD 1. Make: Omega  Model: XC20K120Cal 3732-1 T
2. Make: Dwyer Model: 648B-15 4514088 Al 2, Make: Omega  Model: XC20KI120Cal 3732-2 T2
3. Make: Dwyer Model: 648B-05 | 0115016 A2 3. Make: Omega  Model: XC20K120Cal 37324 T3
4. Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega Model: XC20K[20Cal 3732-8 T4

Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num DAQ channel
1. Make: Thomas Maodel: Traceabl | 160274632 N/A 1. Make: Fenwal Model: 140 deg. 28021-5 DO
2. Make: Fenwal Model: 190 deg. 28021-5 D1

Air Flow meter Serial Num DAQ channel[Cameras Serial Num DAQ channel
1. Make: TSI Model: 5725 1511004 N/A 1. Make: Point Grey Model: Grasshopper 3 14273764 N/A

2. Make: Point Grey Madel: Grasshopper 3 14273944 N/A

3. Make: Point Grey Model: Grasshopper 3 15383782 N/A

4. Make: FLIR Model: T640

55909287 N/A




Glove Installation

Glove/cover installed LANL insp Port # Glove/cover installed LANL insp Port #

Buyzo3o 5 1 RuU ¥ 2030 7 13
o 5 2 i (5 14

" = 3 % "B 15

7 13 4 - I'p 16

" 7 5 “ > 17

% 5 6 2 / 18

Y { il 7 o "B 19

% q ,H.;g 8 o h_w / 20
Byisz2 [H g z 7 @
- Ty 10 7y [ F 22
BuYzozso Y : 11 %7 8= By/s327 /. 23
” " A 12 o L \m\ 24

Time & Description of Critical Events
L4s, ___LS._,S.n v lLle

500 degrees at glove (approx) Time: (37 A L B85 pmix mr.
Breach Time: 5z s

140 Fenwal Detection Time: .:.__b S

NIA

lunition Time:

190 Fenwal Detection Time:
Other key times:

Tie

SN

Miscellaneous Notes

R\ %‘% ol




GB Floor (Top View)

GB Floor (Side View)
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Legend: \Fr_.., c W ?:.. t
\ku,.\m:_:mos bag &. Push Rod g v
. Sand paper _H. Horsehair brush Yoor
: &7 Screwdriver _¥~Scale cord
i B Mallet 4. Cotton rounds
JE"Poly Bottle A Kim wipes
7 Leather glove (. Goari¥l

1.[ L




TP T

Revision History

Revision & Justification

Authaorized Signatures




- (

Emergency Contact Information:
811 or (575) 835-5555

Glovebox Fire Suppression: Experiment # o¢

Experimental Conditions

Test Conductor Name

Db e/ Ereed
Safety Officer Name

-.I-ﬂ.\ul«\rd,_,_n... ﬁhrh\.%-\\.n —r _

Quality Assurance Rep. Name

_acel Ronero ;

Relevan! Environmental Condilions

Date Experiment Location Success Aborted
&\N*\\m\l 1\%\3&% NJ\UU‘P\ /\
Start Time 25
Ignition Time | 2 %5
End Time 2: 6

%h\.‘wo \ﬁ.\r mwnva_\\ﬂ.ﬁ‘\.

Zi7  rel. \ﬂ.x.}_ﬁ.\_m\u_

\MN&\.: mH.‘.@\%M v:.w»ﬁh\v



.

maka bk

Sensor Characteristics

Pressure Sensars Serial Num DAQ channel|{Thermocouples Serial Num DAQ channel
1. Make: Dwyer Maodel: 648B-05 | 4614118 AD 1. Make: Omega  Model: XC20K120Cal 3732-1 T1
2. Make: Dwyer Model: 648B-15 4514088 A1 2. Make: Omepa  Model: XC20K120Cal 3732-2 T2
3. Make: Dwyer Model: 648B-05 | 0115016 A2 3. Make: Omega  Model: XC20K120Cal 37324 T3
4. Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega Model: XC20K120Cal 3732-8 T4
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num DAQ channel
1. Make: Thomas Model: Traceabl | 160274632 N/A 1. Make: Fenwal Model: 140 deg. 28021-5 Do

2. Make: Fenwal Model: 190 deg. 28021-5 D1
Air Flow meter Serial Num DAQ channel|Cameras Serial Num  DAQ channel
1. Make: TSI Model: 5725 1511004 N/A 1. Make: Point Grey Model: Grasshopper 3 14273764 N/A

2 Make: Point Grey Model: Grasshopper 3 14273944 N/A

3. Make: Point Grey Model: Grasshopper 3 15383782 N/A

4. Make: FLIR Model: TE40 55909287 N/A




Glove Installation

Liidpl

S T I N

@

Glove/cover installed LLANL insp Port # Glove/cover installed LANL insp Port #
Kuyzozo: V 1 Buyze30 13
‘r 7 2 y ! 14
% U 3 P "B 15
% 4 4 Z i 16
-~ 7 5 4 [ 7 17
2 J 6 7 { 18
7 7 7 7 B / 19
7 L 8 o [ 3 20
Yy 3z ! ,M\ 9 Ve { \w 21
v 7 10 7 [ B 22
2UY zo3o 7" 11 ay(s32 /B 23
/e ‘ .wx 12 ¢ \ .W& 24

Time & Description of Critical Events Miscellaneous Notes

lgnition Time:  B7s. Lawe ville o o \
500 degrecs at glove :6:?5 Time: N A, GCE pasex (v Mﬂ”ﬁw MW-W@.)
10%} V\

Breach Time: A

140 Fenwal Detection Time:  A4/A @ Q\OGHC
190 Fenwal Detection Time: N /24
Other key times:

.
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GB Floor (Top View)

& Mallet

. Poly Bottle

sﬂ\_.mmﬁ:mﬁ glove
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- D Aw
}fwgn m.u WL ﬂx&.
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[ L I 1
Legend:
< Ignition bag & Push Rod
B Sand paper M7 Horsehair brush
| €. Screwdriver A Scale cord

. Cotton rounds

\_A Kim wipes

\W. ﬂnl?fvra/sfl

GB Floor (Side View)
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # 07

Experimental Conditions

Test Conductor Name Date Experiment Location Success Aborted
Lalot Clotfert 6/27/)6 | Tomes, 2-1or Vv

mm?J\OSnmq Zm:Am ki
v&. vidd oot/ _ Start Time 7:03

Quality Assurance Rep. Name Ignition Time 70y
T \,\\m\& m _ End Time 7008

Relevanl Environmental Conditions

NOn..hﬁuu s \Wﬁ\.&\dﬂ\\.

83 4 wel. &R\QR.\Q

)

'\'l

(sek - 39% uishet)
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Sensor Characteristics

Pressure Sensors

Serial Num DAQ channel|Thermocouples

Serial Num DAQ channel

1. Make: Dwyer Model: 648B-05 | 4614118 AQ 1. Make: Omega Model: XC20KI20Cal 37321 T
2. Make: Dwyer Model: 648B-15 4514088 Al 2. Make: Omega Model: XC20K!20Cal 3732-2 T2
3. Make: Dwyer Model: 648B-05 | 0115018 A2 3. Make: Omega Model: XC20K120Cal 37324 T3
4. Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega Model: XC20K120Cal 3732-8 T4

Digital Timer

Serial Num DAQ channel|Fenwal Heat Detector

Serial Num DAQ channel

1. Make: Thomas Model: Traceabl

160274632 N/A 1. Make: Fenwal Model: 140 deg.

28021-5 DO

2. Make: Fenwal Model: 190 deg.

28021-5 D1

Serial Num DAQ channel|Cameras

Air Flow meter Serial Num DAQ channel
1. Make: TSI Model: 5725 1511004 N/A 1. Make: Point Grey Model: Grasshopper 3 14273764 N/A

2. Make: Point Grey Model: Grasshopper 3 14273844 N/A

3. Make: Point Grey Model: Grasshopper 3 15383782 N/A

4. Make: FLIR Model: T630 55909287 NIA
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Glove Installation

Glove/cover installed

LANL insp Port # Glove/cover installed LANL insp Port #

Sy zo30 5 1 Buyzo3o Vi 13
v i 2 2 /B 14

@ i 3 v i 15

7 i 4 5 7 16

& ‘D 5 ’ K7 17

\\ ! 6 o L7 18

# ~ 7 - )7, _ 19

s 17 8 o (B 20

EY (532 [ g 9 o [ B 21
- "B 10 z 'y 22
2uY 2o30 B . 11 8YIs 32 B 23
. "B 12 o ¥ 24

Time & Description of Critical Events

Ignition Time: &<
500 degrees at glove (approx) Time: NfA, 312°F max (Logh T4
Breach Time: 35S
140 Fenwal Detection Time: 2-1l 8
190 Fenwal Detection Time:
Other key times:

Hlovme vislblie

NEA

X

Miscellaneous Notes

Puiph Chgon /0609€
ﬁﬂ_w\@ i

—




GB Floor (Top View)

GB Floor (Side View)

i \ a /., A W
L [ 1 [ oS g 9 \, g \,,
Y L
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m ﬁuv /u 5 /.,brﬁr. ﬁMlo\» X, /.I.\, NN
M ..Pz.m:v Mu. f\W o o~ N N
! I 1 \ { v 1
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I _ 1 T ] T T N W N
EIgACSTILE ¢
Legend: wies B H »Sx 3
A. Ignition bag 4. Push Rod = %
_B. Sand paper H Horsehair brush - E
27 Screwdriver X Scale cord ﬁrﬁ
2. Mallet ~J. Cotton rounds
LE. Poly Bottle A Kim wipes
JF Leather glove AT
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Emergency Contact Information:

911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # 9O

Experimental Conditions

Test Conductor Name

Ratol Chyton
Safety Officer Name
DAvie, Grerd |
Quality Assurance Rep. Name
T Narunyg |

Relevant Environmental Conditions

Date Experiment Location Success Aborted
N\Nq\\\n Jorres , 2-Fo ,\
Start Time P res
Ignition Time | /2 /32
End Time /233

79.6° i bunkss

FE7 vl humsndedy

-

(self - mx}.%s \hk\.\k
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Sensor Characteristics

Pressure Sensors

Serial Num DAQ channel|Thermocouples

Serial Num DAQ channel

1. Make: Dwyer Model: 548B-05 | 4614118 AD 1. Make: Omega  Model: XC20K120Cal 37321 T1
2. Make: Dwyer Model: 648B-15 4514088 Al 2. Make: Omepga  Model: XCZ0KI20Cal a732-2 T2
3. Make: Dwyer Model: 648B-05 | 0115016 A2 2. Make: Omega  Model: XC20K120Cal 3732-4 T3
4. Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega  Model: XC20K120Cal 3732-8 T4

Digital Timer

Serial Num DAQ channel|Fenwal Heat Detector

Serial Num DAQ channel

1. Make: Thomas

Model: Traceabl

160274632 N/A 1. Make: Fenwal Model: 140 deg.

28021-5 Do

Air Flow meter

2. Make: Fenwal Model: 190 deg.

28021-5 D1

Serial Num DAQ channel|Cameras

Serial Num DAQ channel

1. Make: TSI  Model: 5725 1511004 N/A I. Make: Point Grey Model: Grasshopper 3 14273764 N/A
2. Make: Point Grey Model: Grasshopper 3 14273944 N/A
3. Make. Point Grey Model: Grasshopper 3 15383782 N/A

b Make: FLIR Model. TE40

55809287 N/A

)



Glove Installation

O_omwﬁuﬂmw installed LANL insp Port # Glove/cover installed LANL insp Port #
o e g 1 BuUyzo3o 7 13
~ /1 . “ 7 14
7 uw 3 o ,w \W 15
- Nzi 4 v Y B 16
~ ' 5 Z [ g 17
o __w 6 ir My 18
/e Y = ¥ /B 19
- 2, \ Mw 8 r” i / 20
() Y\ m_anI.W 2— W 9 F7d : .@ 21
4 Vi __u 10 /e \ w 22
Guyzo3o DR 11 ~ GvYI5 32 % 34
. h 12 “ i 24
’ /

Time & Description of Critical Events

Ienition Time: $6 s

Other key times:

\h.”n,«ce:u Crv._.r\.r\
500 degrees at glove (approx) Time: Z.Tf\ Bl prenx (Lt T
Breach Time: MIA

140 Fenwal Detection Time:
190 Fenwal Detection Time:

Sy

Miscellaneous Notes

Joo5 S

pts Clagln &




GB Floor (Top View)

GB Floor (Side View)
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Legend: G G F.L !
A Ignition bag 5. Push Rod b ; e
JB. Sand paper . Horsehair brush o
2. Screwdriver A/Scale cord
| B, Mallet _ Cotton rounds
Z Poly Bottle AK. Kim wipes
_F. Leather glove A Balank
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # 09

<\-\lv’1

L

Experimental Conditions

Test Conductor Name
Ralph Clagpron

Safety Officer Nafe
.V.\/“f\\.ﬁ\ m}%\\.\\r\ _

Quality Assurance Rep. Name
- \\A
/1 \v&\m\\s, _

Relevant Environmental Conditions

Date Experiment Location Success” Aborted
ﬁ\ﬂ Nd\\@ {ovres, 2- foi /\
Start Time 2!3)
Ignition Time 232
End Time 232

%@.mu i boandee
“hm\ rel . \NX\SN.QNM%

S

(selfr my&»%&.q\ﬁﬁo
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Sensor Characteristics

Pressure Sensors Serial Num DAQ channel|Thermocouples Serial Num DAQ channel
1. Make: Dwyer  Maodel: 648B-05 | 4614118 AQ 1. Make: Omega  Model: XC20K120Cal 3732-1 T1
2. Make: Dwyer  Model: 648B-15 4514088 A1l 2. Make: Omega  Model: XC20K120Cal 3732-2 T2
3. Make: Dwyer  Model: 648B-05 | 0115016 A2 3. Make: Omega  Model: XC20K120Cal 37324 T3
4. Make: Dwyer  Model: 648B-15 4914183 A3 4. Make: Omega  Model: XC20K120Cal 3732-8 T4

Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num DAQ channel
T. Make: Thomas Model: Traceabl | 160274632 N/A 1. Make: Fenwal Model: 140 deg. 28021-5 DO
2. Make: Fenwal Model: 190 deg. 28021-5 D1

Air Flow meter Serial Num DAQ channel|Cameras Serial Num DAQ channel
1. Make: TSI Model: 5725 1511004 N/A 1. Make: Point Grey Model: Grasshopper 3 14273764 N/A

2. Make: Point Grey Model: Grasshopper 3 14273944 N/A

3. Make: Point Grey Model: Grasshopper 3 15383782 N/A

4. Make: FLIR Model: T640

55809287 N/A




Glove Installation

Glove/cover installed

LANL insp Port # Glove/cover installed LANL insp Port #

Buy 7.0 30 Rl 1 Buyzozo b 13
o "Iy 2 Ve ﬂlw 14

“ Wi 3 , [ g 15

o __ra 4 a \ |w 16

7 .uv 1 5 o \.V 17

& Hrm 6 sr .\ W 18

7 1 /@ 7 cd i __ 19
7 I 8 / [y 20
Fyic3z _ ] o v [ 4
o ? | 10 v T B 22
Buy 2030 " 11 BvIS32 /D 23
2z [ w@ 12 o /7 24

/

Time & Description of Critical Events

lgnition Time:

500 degrees at glove (approx) Time: _c;\ BYF vaenx ( hglo w2 )

Breach Time:

140 Fenwal Detection Time:
190 Fenwal Detection Time:

Other key times:

5495 .

\%Uﬂmf viae (;rrb/é\{

/A
NS
~N/ A

Miscellaneous Notes

Proaat geph Cladon (0 /oo
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C. Screwdriver

\\mnm_m cord
\&\00:0: rounds

. Mallet
. Poly Bottle " Kim wipes
. Leather glove \ﬁ\ G

&)
GB Fl i
oor (Top View) GB Floor (Side View)
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w bz
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Legend: m \ )z Mﬂr Vo @ fm -
\,.\@_mn:_o: bag 3. Push Rod 2 u, ¢
| B. Sand paper \xwioqmm:m_ﬂ brush yfﬁ_r
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Revision History

Authorized Signatures
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # /¥

Experimental Conditions

Relevant Environmental Conditions

Test Conductor Name Date Experiment Location Success~__ Aborted
xm.umr._mﬁ\\ﬂ ﬁ\ﬁ.\m‘ux . l \B\.N\w\\v iNm,\\m.m. ) .N..\.\Qu}.'\ /\.\
Safety Officer ZW_\JS ! ‘
Ioavid (5roed _ Start Time 300
Quality Assurance Rep. Name Ignition Time | 30O
T Sord A _ End Time B8

- z
«UAN.,UQ v bnnlee

GFE \s&\.&%\

1

L |

(s<ifs .mxxuw%\:.ﬁhmn\w




Sensor Characteristics

Pressure Sensors

Serial Num DAQ channel|Thermocouples

Serial Num DAQ channel

1. Make: Dwyer  Model: 848B-05 | 4814118 AD 1. Make: Omega  Model: XC20K120Cal 3732-1 T1
2. Make: Dwyer  Model: 648B-15 4514088 A1 2. Make: Omega  Model: XCZ0K120Cal 3732-2 T2
3. Make: Dwvyer Model: 648B-05 | 0115016 A2 3. Make: Omega  Model: XC20K120Cal 37324 T3
4. Make: Dwyer  Model: 648B-15 4914183 A3 4. Make: Omega  Model: XC20KI120Cal 3732-8 T4

Digital Timer

Serial Num DAQ channel|Fenwal Heat Detector

Serial Num DAQ channel

1. Make: Thomas Meodel: Traceabl

1680274632 N/A 1. Make: Fenwal Model: 140 deg.

28021-5 DO

Air Flow meter

2. Make: Fenwal Model: 190 deg.

28021-5 D1

Serial Num DAQ channel|Cameras

Serial Num DAQ channel

1. Make: TSI Model: 5725 1511004 N/A I. Make: Point Grey Model: Grasshopper 3 14273764 N/A
2. Make: Point Grey Model: Grasshopper 3 14273944 N/A
3. Make: Point Grey Mode!: Grasshopper 3 15383782 N/A
4. Make: FLIR Model: TE40 55909287 N/A




Glove/cover installed

Glove Installation

e LANL insp Port # Glove/cover installed LANL insp Port #
— BUy2ez0 s 1 Guyzozo 7 13
o = 2 o 3 14
: 7 3 2 3 15
— 4 [ 4 Z [ i 16
& £% 5 P /& 17
D ( 6 2 [ 3 18
y __,@ 7 o w‘ / 198
" 13 8 2 3 20
Y522 [ ¥ 9 2 I 21
2 B 10 Q [ 7 22
FuUY 2032 b / 11 BYI532 ~ L8 23
7% , @ 12 2 /[ 24
[

Ignition Time: (O 55 \m.\rn

Breach Time:

190 Fenwal Detection Time:

Other key times:

Time & Description of Critical Events

Y ./..Ua.(uﬁ.t.c

Pl A

140 Fenwal Detection Time:  ~s7 A

N/~

500 degrees at glove (approx) Time: (of A GL'¥ prevx C F.mﬂ T

Miscellaneous Notes

b 1o eph Clylon v fo1/al




GB Floor (Top View)

GB Floor (Side View)
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4. Ignition bag AG. Push Rod W J .m.

6. Sand paper ~H. Horsehair brush e
2 Screwdriver A7 Scale cord

B, Mallet 7 Cotton rounds

| 7 Poly Bottle M Kim wipes
‘| B~ Leather glove . G v
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Emergency Contact Information:
811 or (575) 835-5555

Glovebox Fire Suppression: Experiment # //

.ﬁ.....u

Experimental Conditions

Test Conductor Name

\Q&\\v k Q\hﬁ\ wmu\ﬂl

Safety Officer Nime

b& viel (Grond |

Quality Assurance Rep. Name

Toin NVetvant _

Relevant Environmental Conditions

Date Experiment Location Success’ Aborted
w\m g \ /b lorves 2~ v\
L
Start Time nmw 122
Ignition Time | &:22-
End Time ok NW

“%.Qt s %ﬁ\:}mﬁlﬁ.\i
So V. el .&x?h\.@.

@




Sensor Characteristics

Pressure Sensors

Serial Num DAQ channel|Thermacouples Serial Num  DAQ channel
1. Make: Dwyer  Model: 648B-05 | 4614118 A0 I Make: Omera Model: XC20K120Cal 3732-1 T1
2. Make: Dwyer Model: 648B-15 4514088 Al 2. Make: Omega Model: XC20K120Cal 3732-2 T2
3. Make: Dwyer Model: 648B-05 | 0115016 A2 3. Make: Omega Model: XC20K120Cal 3732-4 T3
4. Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega Model: XC20K120Cal 3732-8 T4

Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num  DAQ channel
1. Make: Thomas Model: Traceabl |160274632 N/A 1. Make: Fenwal Model: 140 deg, 28021-5 DO
2. Make: Fenwal Model: 190 deg. 28021-5 D1

Air Flow meter Serial Num DAQ channel|Cameras Serial Num  DAQ channel
1. Make: TSI Model: 5725 1511004 N/A Make: Point Grey Model Grasshopper 3 14273764 N/A
2 Make: 'oint Grev Model Grasshopper 3 14273944 N/A
4. Make Point Grey Model Grasshopper 3 15383782 N/A
4 Make FLIR Model T610 55909287 NIA
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Glove Installation

Glove/cover installed LANL insp Port # Glove/cover installed LANL ins . Port #

SuUYzo030 o 1 2 U Y2030 7 13
« Uy 2 " a3 14

% & 3 P /¥ 15

v 5 4 2 "y 16

7 : 5 o ' \.,w 17

% ; 6 I .W 18

7 rw 7 2 b ¢ 19

t 7 8 2 [ 20

B Yis3z i 9 2 » 21
" ( 10 z [ p 22
SUY 2030 w g 1 BYis32 /Dy 23
r w 12 [ M w.__ 24

Time & Description of Critical Events

73 5. Lloame visLie
500 degrees at glove (approx) Time:  pJ/A , B7°F wex ?.w»L

Ignition Time:

Breach Time: N/A
140 Fenwal Detection Time:  pu( A
190 Fenwal Detection Time: M/ A

Other key times:

Miscellaneous Notes

.@w \mi Chy b ses  fesloon,




GB Floor (Top View)
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Legend:

| A" Ignition bag
B Sand paper
A Screwdriver
. Mallet

JE. Poly Bottle

~ Leather glove

& Push Rod

~H. Horsehair brush
A Scale cord

47 Cotton rounds
M. Kim wipes
K Gt MK

GB Floor (Side View)
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Emergency Contact Information:
911 or (675) 835-5555

Glovebox Fire Suppression: Experiment #_/ 2~

Experimental Conditions

Tesl Conductor Name
mu, O 0 B ‘;”.
Lol Cly fag:
Safety Officer Name v
Dl Covgind ]
Quality Assurance Rep. Name

Tl A7 ]

Relevant Environmental Conditions

Date Experiment Location Success Aborted 4~
Gt | ifovies - Zpone | N
Start Time % 4 \ﬂNN
Ignition Time \/\“\\\ﬂl
EndTime | /V/]

B

5



Sensor Characteristics

Pressure Sensors Serial Num G>O nrmnsm_ Thermocouples Serial Num DAQ channel
1. Make: Dwyer  Model: 648B-05 | 4614118"° AO |1 Make: Oméga  Model: XC20K120Cal 3732-1 : T1
2. Make: Dwyer  Model: 648B-15 /| 4514088 “A1" |2 Makei Omega Model: XCZOKI20Call _3732-2 T2
3. Make: Dvwiyer Model: 648B-05 | 0145016 | .~ A2 - |3 Make: Omega Model: XC20K120Call -~ 37324 T3
4i Make: Dwyer Model: 648B-15- | 4914183 |- - “A3..0 |4 Make: Omega  Model: XC20K120Cal] ~ 3732-8 T4

Digital Timer

Serial Num DAQ nrmﬂnm_

Fenwal Heat Detector

Serial Num DAQ channel

1. Make: Thornas Model: Traceabl [160274632| . _N/A - |1:Make: Fenwal Model: 140 deg. | 280215 DO -

2. Make: Fenwal- Model: 190 deg. 28021-5 DI
Air Flow meter ’ Serial Num O>D nrmn:m_ Cameras mm:PH ZCS DAQ channel
1. Make: TSI Model: 5725 | 1511004 | na s Make: w.%,. Grey!Model: Grasshiopper 3| - 14273764 N/A

2. Meke: Point ann< Zom& m_.mﬂrcvuﬂ.m ; ,_.amﬂwmh.#. Z\\P

3. Make: moE"nng Eonﬁ nqmmaronsmnw i ..gmmwwﬂ.mm CNIA

4 Make; FLIR Model T6i0 55309287 NIA




qd
Glove Installation
ﬂ_m_ﬁm\noe.m_‘ installed LANL insp Port # Glove/cover installed ;Z_. _swﬁ Port #
$2yZozp e 1 i e yec3os | p- 13
il g © 2 é 14
B ,: 3 & w . 15
R iy 4 4 w 16
s G B 5 ; k.w 17
#03 W in 6 it :w : 18
5 \k : A Bty 7 5 : il e b g 19
_ PR 8 i R ek 20
.mfrmn. ilted o 9 _ ol @ 21
Lt s Ty, 10 e R b 22
ﬂuh«.(\b Viid 11 {\Mlswwl T 03
e P et P 12 i s i g R .h_ ‘w ; 24
! [
Time & Description of Critical Events Z_mnn:m eous Notes
Tgnition Time: A W \Avh\vh @“\ MN®\NQ\~\
500 degrees at glove (approx) Time: . )“ I
Breach Time: to &E b0 %U
140 Fenwal Detection Time:
190 Fenwal Detection Time:
Other key times:

p Y
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Legend:
 Ignition bag

\W.‘. Sand paper

VN. Screwdriver

@\. Mallet

5. Poly Bottle

\ﬂ. Leather glove

@ Push Rod
. Horsehair brush
M Scale cord
J/Cotton rounds
_K Kim wipes
[N

GB Floor (Side View)
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # /3

Experimental Conditions

Test Conduclor Name
\m&.\m\u\h Clei A
Safety Officer Name ¢
I 2nvied (Firal _

Quality Assurance Rep. Name

i pers Neigmpliate i)

Relevant Environmental Conditions

Date Experiment Location

Success

Aborted,.

\efeifite | Zms 242y

Start Time
Ignition Time
End Time

G232l

A

i A
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Sensor Characteristics

Pressure Sensors mmEm_ Z:_d U>D nrmbsm_ HTnEdonocmu_mm Mmlﬁ. Num DAQ channel
1 Make: Dwyer . Model; 6485~ om il :saa Omega - Model: xQoEmcE 4 o T
2. Make: Dwyer - Model: 648B-15° SAT m Zmr@ DBmmm Zoma AnMoEmonm_ ; ST
3. Make: Usmw ‘Model: m»m?Om A2 57 Make: Omegs - Model: Mnmoﬁmonm_ 5 s
4i ?Hmwm USQ. ‘Model: §48B- Hm 5 |4 Make: Oanmmt‘gommr MQOENDO& . AT
U_m:u_ Timer mmn_m_ Num U>O nrm::..m_ Fenwal Heat Detector Serial Num  DAQ channel
1 Make: Thomas . Model. Traceabl:|160274632| . WA - . |1 Make: Fenwal:- Model: 140 deg. 28021-5 sl

) ; 2. Make: Fenwal- Model: 190 deg; | 280215+ DL
Air Flow meter Serial Num U>D nrm::m_ nugmnmm Serial Num DAQ channel

1. Make: TSI Modéli5725

._ 1511004 _

H Make: VBEDEF gomi ngmmromﬁo w

14273764

w ‘Make: vo:; mq@ Zo%_ mnmﬂrc_unnnm i

Kmqmmﬁ,.‘,

w Zuro H.o:i Q,Q Eoun_. nqmmmraﬁvﬁ.m : o \_mmmwﬂmw

4 zmr.r _.EW Model: Hmﬁo

" 55009287
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Glove Installation

Glove/cover installed LANL insp Port # Glove/cover installed _LANL insp Port #
ﬂrww;s P 1 T?,\Num( Tk : 13
(7 R 2 s i * .?“«.V. 14
/7 3 “ i 15
ity 4 “ ] 16
Rl 5 7 [ 17
S 8 D 18
v 7 ST ] [ 19
: ,., et 8 Wl g I 20
il VS 3 ] .‘.\ : Hixt ps 21
R o 10 s i o, 22
LY 2 1 VIS 32 75 23
L 12 Ay R e 24

Time & Description of Critical Events

Ignition Time:

~N/A

500 degrees at glove (approx) Time:

Breach Time:

140 Fenwal Detection Time:
190 Fenwal Detection Time:
Other key times:

\Qm % z‘ﬂmbf.

Mi

w /2605

mﬂ_w:mo:m Zoﬂmm

o Gl

i &\

\l\wv\wo\w.
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GB Floor (Top View)

Legend:

\h\. Ignition bag AG. Push Rod

"B’ Sand paper H. Horsehair brush
\Q\. Screwdriver _1/Scale cord
G.\_sm__m_ ,J. Cotton rounds
E Poly Bottle . Kim wipes

GB Floor {Side View)
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¢ Leather glove ) Nanbo R\
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Emergency Contact Information:
- 911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # Imk*

Experimental Conditions

Test Conductor Name

Safety Officer Name

e (T
Quality Assurance Rep. Name

S e Avatadg ]

Relevant Environmental Conditions

Date

Experiment Location m:nnmvm\

Lez8)ic]l Taves 245 1T/

Aborted

Start Time
Ignition Time
End Time

L1249

PL 08

L



Sensor Characteristics

c

Pressure Sensors Serial Num DAQ channel|Thermocouples Serial N\um  DAQ n_:_::n_
1. Make: Dwyer ~ Model: 648B-05 | 4614118 |~ AG |1 Make: Omega Model: XC20K120Cal | 3732-1 T1

2. Make; Dwyer - Model: 648B-15 | 4514088 A1 |2 Maket Omepa - Model: Xc20kizocal| - 3732-2 T2
P?Erc_deﬁ.ﬁ.. Model: 648B-05 | 0116016 . A2 3. Muke: Omegi Model: XG20K120Cal 3732-4 T3

4, Make: Dwyer Model: 6485-15 | 4914183 A3 |4:Make: Omega  Model: XC20K120Call  3732-8 T4

Digital Timer

Serial Num DAQ channel

Fenwal Heal Deteclor

Serial Num

DAQ channel

1. Make: Thomas:

Model: Traceabl | 160274832 MA |1 Make: Fenwal Model: 140 dep. 280215 Do
i . 2. Make: Fenwal: Model: 190 deg, 280721-5 Dl

Air Flow meter Serial Num DAQ channel|{Cameras Serial Num  DAQ channel
1, Make: TSI Model; 5725 [ 1511004 [ MIA 1 asakes vont Grey iModel: Grasstiopper 3 | 14273764 N/A
2. Make: Folnl Girey Model: Grasshopper ._..a_w.wum;..a NIA
ks Polit Grey Model: Grasshopperd | 15383782 NIA
4, Milke: TLIR Model: 1640 A 55900287 NIA




Glove Installation

Glove/cover installed Glove/cover installed LANL insp Port #
gavecss  fuvzcac N 13
N R e A [*p: 14
v v TR 15
e o Y ‘.W - 18
L L R 17
. 2 VR 18
Jld I 19
i 5 20
e ] 21
S e AN 22
U R Y e e 1 1
12 SRR AR e R e S R 24
[
Time & Description of Critical Events : Miscellaneous Notes
Ignition Time:  £7 s, fowae wieLie N&& Ng Qw\t #\.S\ Q\W\@\NO Il
500 degrees at glove (approx) Time: [2{i, wex WZ°¥ ChgnTel / JDL0 wfm ’
Breach Time: 4~(3 S
140 Fenwal Detection Time: A/{ A
190 Fenwal Detection Time: /Y (v
Other key times:
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GB Floor (Top View)

Legend:

| 4 Ignition bag
\@m Sand paper
%‘ Screwdriver
B/ Mallet

_E. Poly Bottle
JF/ Leather glove

_Gl. Push Rod
_H/Horsehair brush
/Scale cord
A Colton rounds
JK. Kim wipes

Y\ Candnsill

GB Floor (Side View)
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # /S

Experimental Conditions

Test Conductor Name Date Experiment Location Succesg Aborted

AKlph Clihior " e e R A R i

Safety Officer Name

/ \ v : : Start Time .,\..._ml._.u,..
Quality Assurance Rep. Name Ignition Time | /i< S
S et N_.\mq\&\\ﬁ | End Time Rty

Relevant Environmental Conditions

L1l

1

444




Sensor Characteristics

Pressure Sensors Serial Num U>D n:mﬁ:m_ Hrmngonocv_nm Serial Num _ DAQ channel
{, Make: Dwyer | Model: 648B-05" |-'4614118" \0 © /|1, Male Omega * Model: XC20K120Cal | 3732-1 2T,
2. Make: Dwyer  Modél:648B15 | ‘4514088 : & Make: Omegd - Modél: XC20K120Call . F73gi il
Dwier - Model: 648B-05 | 0115016 |2 Make: Omega ModeliXca0KI20Cal| ~ 3732-4 T3
4 Make: Dwyer Model: 648B-15- .| 4914183 |4 Make: Oméga - Model: XC20k120Call 37328 " T4
Huhm:m_ Timer Serial Num UL?D nrussn_ mmnémp Heat Detector Serial Num _ DAQ channel
1. Make: Thorias - Model: Traceabl | 160274632 - NA- 1 Make: Fenwal: Model:140 deg. |~ 28021:5 _DO"
2 Make: Fenwal- Model: 190 deg: | . 380215 - | D1
Air Flow meter Serial Num UL?D nrn::m_ Cameras Serial Num DAQ channel
1 gm.wm.ﬂmm gomm_,mﬂww _ 71511004 NIA. zmrm _uo::. Grey:Model: n..mﬂmrouun.ﬂ.w ik AANﬂwﬂmA b ONIAC
2. Make! o_an«ﬁ Modél mﬂmmmfoﬁnﬁ.u - ._.nw.wwwn.h | _ Zty
3. Kmrm,mowsﬁmwm_n Model: mwmmm;nuvmnm i mumwﬂmw 1 Z:ﬂ
4. Make: FLIR. Model: T640 - 85000287 © | NIA

y
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Glove Installation

Glove/cover installed

LANL insp
=T

oo

o \\.‘..:,. Iq P P .:...

R _d,,.__..

Port # Glove/cover installed

LM

8k

7

m.,‘ - TR i

7

N3P O~NOU A WN

Port #
13
14
15
16
17
18
19
20
21

23
24

Breach Time:

140 Fenwal Detection Time:
190 Fenwal Detection Time:
Other key times:

Time & Description of Critical Events
Ignition Time: 285 & , flame uable

500 degrees at glove (approx) Time: N/A, 90"F panx (ht 1)) /3 45 0 measurenend (max gpota
tnderior Lo hered belof

~NIA
A
MA

%‘_t.\&

Miscellaneous Notes

d

\Q\W

ok

§ Aok Clgln, 7, /24200
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GB Floor (Top View)
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Legend:

A. Ignition bag
B. Sand paper
C. Screwdriver
D. Mallet

E. Poly Bottle

G. Push Rod

H. Horsehair brush
|. Scale cord

J. Cotton rounds
K. Kim wipes

L. bontzac HE

GB Floor (Side View)

F. Leather glove

e

|J
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Emergency Contact Information:
911 or (675) 835-5555

Glovebox Fire Suppression: Experiment # .hﬁ

Experimental Conditions

Hm& Conductor Name Date mxvmd_ﬂmnﬁ Honm:os Success Aborted

RN/ m\m& Lot ] _m\Nm\\v [ Aorres2rtordii vl S

Safety Officer Name
D2vied QJ\S\.Q i Start Time

D:E_J\ Assurance Rep. ZE.Dm Ignition Time .. 2t A D& &\wa \/\\\L
u'.\g \ﬂ\mw \.&.‘\\\ .‘...w..m_ End Time ey

Relevant Environmental Conditions




Sensor Characteristics

_H...nn.mm:ﬂn Sensors mmzu_ Num U>D n:m::n_ ,_._..nnn.Enccv_nw Serial Num U>Dnru::n_
1; Make! Dwyer . Model: 648B:05 | 461411 1 Make: Onepa Model:XC20K120Cal | * 1378244 o | T THE
2. Make: Divyer . Modél: 648B-15 : |-'4514088 2z Make: Omega . Model: XCp0Kipocall 37822 .| T

3. Make' Dwyer. Model: 618B-05. .| 0115016 " |3 Make: Omegs - Model: XC20K120¢41| /37324 .

4; Make; Dwyer “Model: 640815 | 4914183 4 Make: Ormiega | Madel XC20K120Cal| ~/3732-8-

U_m:m_ Timer

moEm_ Num Ubﬁ nrmn:mH

Fenwal Heal Unpmnﬂo_.

Serial Num

1. Make: Thomas . ZQQL Tracecabl ;mam.\.&mmm Z_cu....

|1 Make: Fenwal" Zomm_ 140 n_nn

980215

Air EQE meler

Serial Z um DbD nrn:::u_

2. Make: Fenwal - Model: 150 mmm“

. 28021-5 -

nmawﬂpm

Serial Num

1 me.n. IS Eomm_._munm

,_ml_._n_a&

?FA H QEFS&;ZG%H n:ummrccu».qu

;_Amﬂwﬂma

Emwn._ Point nﬂn Zon_z mﬂamuqcuunqm

1 _.‘_.Amuwoxn.

w _,._..n,r? ﬁo _”..H..l.___. zcnl Damméndnwm |

. 15383782

a ._S»wr FLIR. Kcmz qgo

/55009287 -
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Glove Installation

Glove/cover installed

LANL insp

Bl 2c%0

e

Port #

Glove/cover installed

LANL insp

e

e

SO~ G WN =

-
-

o
it

Port #
13
14
15
16
17
18
19
20
21
22
23
24

Time & Description of Critical Events

WA

Ignition Time:

500 degrees at glove (approx) Time: KA, §4'¢ parr (W e .w N&?F

Breach Time:

140 Fenwal Detection Time:
190 Fenwal Detection Time:
Other key times:

M
A
I

Miscellaneous Notes

l 0 3 Jout
m‘“w%gﬁg 7%, b3/




GB Floor (Top View)
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Legend:

LA Ignition bag
_B. Sand paper
_C. Screwdriver
D. Mallet

A=. Poly Bollle

L F. Lealher glove

\mﬂ Push Rod
A1 Horsehair brush
A7 Scale cord
~J. Cotton rounds
K. Kim wipes

\N ﬁS) wm.v._/u_ J.{

GB Floor (Side View)
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Revision History

Revision & Justification

Authorized Signatures




) A

Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment #_¢ 7

Experimental Conditions

Test Conductor Name Date Experiment Location Success

Aborted

e

CRadol h e et TV

Safety Officer Name /

: U& .\..\f.p.\...\s m.uuxwvr.\ A _ Start Time .nw,.V...;rU

Quality Assurance Rep. Name Ignition Time \r\\‘\r

T A e End Time | 420f"

Relevant Environmental Conditio

ns




Sensor Characteristics

Pressure Sensors

mmn_m_ Z:_j U>D nrm_._:m_

Hrmw:._mno:UHmm

1. Make! U«@mm

Model: mmmm om

hm,_h.__i_m._“

._ Emwn. Oc..mmm Eon& anow_wn_n& i

Serial Num U?D nruﬁﬂmH

2. Make: Usém

Zomﬁ m‘mquﬂm

3. amrm oazm ‘Model: XC20K120Cal| -

m gmwo Ufﬁ.ma

gommﬁ 648B- om

- 0115016

|-4514088°

|3 ntake: O_dmmm Model:

C20Ri20Cal[.

mem Q;Emw

Zom_& 64BB-15:

””__.»wﬁ__\._.mu.

4 Make: Omega - Model: XC20K120Cal

3733:8°

U_m:m_ Timer mm:mm Num U>D n:msamw Fenwal Heat Detector Serial Num
1. Make: Thorhas.: Model: Traceabl | 160274632 | . . f/A" . | |i: Maké: Fenwal- Model:140 deg: | © 2802125 -
2 2. Make: Fenwal- Model:190°deg. | 28021-5'..
Air Flow meter Serial Num U>D nrmsnm_ nugmwmm Serial Num
1 ke TST - Mo _ k*m._\__n:u.a Zm} ?ﬁwn 10_5 9.2 E.om& naﬁ.ﬂonuﬂw .._.amqumm. :
2 z&s ?_292 Model. Gresshopper 3 | 14273944
f ,wo_:ﬁmqnc ‘Model: mqpmmrcuﬁnqu‘ .,\“mmwwu...mm
4. Make: FLIR Model: T40 | 55900287




Glove Installation
n_ccm\nad.ﬂ. installed LANL insp Port # Glove/cover installed LANL insp Port #
e BN Zo B a1 [Bn B 2esp . T B 18
.....\\_... 3 REST SRS O e P 0 ¢ L ey 15
: i 4 LD e i 16
: Sy N.M‘ 5 Ao 17
. U LA 6 e 18
T S5 2 15
i 8 i 20
Yi§32 9 : 21
S it 10 22
Friy2e 11 ; 23
s r.\\ 12 \\ ; H.U&. 24
Time & Description of Critical Events Miscellaneous Notes
Ignition Time:  AAA ) . H/ \Q "y ,,\ \
500 degrees at glove (approx) Time: __C.\\»x wuw. _.._.m. VAN h_s:wr. \w m\ﬁu gm\ v P\ xognwm\\ bes NO\N\
Breach Time: MNA .ﬂ\n.b
140 Fenwal Detection Time: YA
190 Fenwal Detection Time: N \_sP
Other key times:




T TSR PRSP

GB Floor (Top View)

Legend:

_>\.®_m_.__mo: bag
B Sand paper
A~ Screwdriver

P Mallet
E£Poly Bollle

“F. Leather glove

\Oﬁﬂcw: Rod
\I.\quwmg: brush
A7 Scale cord

L4~ Cotton rounds
1#ﬂ..\,\_.:,_ Wipes

\N ,.\e,s.__ui i

GB Floor (Side View)
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # /2

()

Experimental Conditions

Test Conductor Name
Davie! Crovs
Safety Officer Name
2o lol olaslome |
Quality Assurance mmv, Name

Ricle Himebdery |
L

Relevant Environmental Condilions

Date Experiment Location

Success Aborted
¢[2%] le| Tarves, 2-ter— N
Start Time @\mw
Ignition Time
End Time g:30

gy

764° fn banleer
Lc\.ﬁ rel, Ss?:n?&




Sensor Characteristics

Pressure Sensors Serial Num DAQ channel|Thermocouples Serial Num  DAQ channel
1. Make: Dwyer Model: 648B-05 | 4614118 AD 1, Make: Omega  Model: XC20K120Cal 373241 T1
2. Make: Dwyer  Model: 648B-15 4514088 Al 2. Make: Omega Model: XC20K[20Cal 3732-2 T2
3. Make: Dwyer Model: 648B-05 0115016 A2 3. Make: Omega  Model: XC20K120Cal 37324 T3
4. Make: Dwyer Model: 648B-15 4914183 AJ 4. Make: Omega  Model: XC20K120Cal 3732-8 T4
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num _ DAQ channel
1. Make: Thomas Model: Traceabl | 160274632 N/A 1. Make: Fenwal Model; 140 deg. 28021-5 DO

2. Make: Fenwal Meodel: 190 deg. 28021-5 D1
Air Flow meter Serial Num DAQ channel|Cameras Serial Num DAQ channel
1. Make: TSI Model: 5725 1511004 N/A 1. Make: Point Grey Model: Grasshopper 3 14273764 N/A

2. Make: Point Grey Model: Grasshopper 3 14273944 N/A

3. Make: Point Grey Model: Grasshopper 3 15383782 N/A

4. Make: FLIR Model: To40 55909287 N/A
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Glove Installation

Qoq.mua.noqmn Gshiicd LANL insp Port # Glove/cover installed LANL insp Port #
oLy 20 5o = 1 Fuyeso XA 13
= R 2 o —4 14
¢ .W }w 3 - MN\\A 15
< Rl 4 z Aol 16
“ ra 5 Z R4 17
L = 6 ) A 18
: REL 7 Z BH 19
r RH 8 & w@\# 20
£Y/532 A S « RS- 21
i ..w\v 10 ¢ XH 22
@ uY2ozo T 11 gyis32 s 23
2 272 7 g 7/2 .

lgnition Time:

Time & Description of Critical Events

47 s, Flame agpe"?

500 degrees at glove (approx) Time: L\ A 3 51 "= eas m_y

St
§
.J.mn.\v

Miscellaneous Notes

ﬁ.h W\. Qpprec \m_ \r\k\w \EN\RJ\ \Mf\A.J Nﬂ\r\wmnrﬁk‘
._\e\....\u.\m fleer, ﬂbwfﬂ@ an\rh,?w boaF m\n.n

Breach Time: Z\b n\..T m\\rb\\xu @ -~
140 Fenwal Detection Time: 7\\‘9

190 Fenwal Detection Time: Z\bn

Other key times:




LS Y I 154

(T

)

GB Floor (Top View)

& €
T 75&,\“

7 < c
N WV T ERL

e O

Legend:
L& Ignition bag
7 Sand paper
&7 Screwdriver
BT Mallet
7 Poly Bottle

. Leather glove

/5. Push Rod

M. Harsehair brush
A7 Scale cord

4 Cotton rounds
KEB wipes

GB Floor (Side View)

g 8 N N ~N
[ Yol \ / v ol \
N/ N N/ N/
i ', Kaiiat S
{ Vol \ { Vot \
N/ /I\ N/ /.l\
~~ —N TN T~
S T T G T G
\ / N s \ / N\ /
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Revision History

Revision & Justification

Authorized Signatures
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # Fﬁ

Experimental Conditions

Test Conductor Name

Safety Officer Name

ANa i cla yferl |

D_.E__Q >mmE.u=nm mnt Name

Lk }\MENN\&Q.__

/

Date,

mx_um!n_mnu wonm:on

Success~”

@\%\% [ 75

s

Start Time
Ignition Time
End Time

mn_nﬁ_a MﬁSno::._m:..,m_ no:&:_o:m

Ahorted
.kwwwq Flame

e

— \9 /7

_\ﬁv__h‘.._u

mrrrures

-




0

1

Sensor Characteristics

Serial Num DAQ nrmﬁbn—

Pressure Sensors mm!& Zc:._ DAQ channel ﬂrmnaonoaﬁumm

Fenwal Heat Unrmnﬂoa

A |1, Make: Fenwal: Model: 140 deg.
2. Make: Fenwal- ‘Model: 190 deg."

ﬁmz._mnmm

.. r ?E_s. mcE_nﬁé Mods .m_.mmmrouun.. A

u Zsr m_o ﬁnwnﬂ ZonE. mnmmmwoﬂvnww

\r Zm A 33. Zom& 1_.30 s




Glove Installation

. Glove/cover installed LANLinsp Port # Glove/cover installed Port #

o BUY2ZOF0. L Kot 1 RS T 275 Vet 13
3 4 e 16

5 e 17

6 - 18

7 19

8 20

9 21

10 22

1 23

12 24

Time & Description of Critical Events Miscellaneous Notes
Ignition Time: 30>, om ke Dhoue
mw..

500 degrees at glove (approx) Time: 7..\?\ 267" F mMenx \Hw_..\.n

(dsib s (s Nu‘n@ Bl hv

Breach Time:

140 Fenwal Detection Time:
190 Fenwal Detection Time:

Other key times:

(s

MIA




GB Floor (Top View)

GB Floor (Side View)

{ vV T R S
| [ 1 1 ] N T AT T \._ N \,
o s e N -
i { Vol ) / Vool \
P e, S IR LR SR s G
R
Nl I RGA EUIN, TN
._H | [ */ Y vV v 1
DB weeEe @ L
Legend: @ ? . u, b - o
A% Ignition bag /&7 Push Rod s il o
B~ Sand paper B Horsehair brush @ T
£ Screwdriver A7 Scale cord v
A7 Mallet 47 Cotton rounds
JE Paly Bottle \_AZB wipes
P Leather glove K Gankeshiie
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Emergency Contact Information:
911 or (675) 835-5555

Glovebox Fire Suppression: Experiment # 2<

Experimental Conditions

Success~~  Aborled

Test Conductor Name Date mxﬁm:gmn_ hoom:cn . i o
w.,gt\n\ mﬁevﬂ _ _ %\M@kﬁ \x\.w\dm\ 2- xN\m i a\~.
wmmmx\ Officer Name : —
KA Db Clezey 20 StartTime | .2 26"
Quality >mm:3:nmmmmv Name Ignition Time | 2 ._..uMu\\._l...l

_\&«hNn \m\_,.cvm\ﬂ\nmwa s _ EndTime |3 {0/,

Relevanl Environmental Conditions




|

I

Sensor Characteristics

Pressure Sensors mn:m_ Z::: U>O nrmn:m_ Thermocouples Serial Num U>D channel
1: Mike: Dwyer '~ Model: 48B- 05" Cas14118. [ [ Make: om.o_n.u_.am%__xﬁgg_anm_ T I et

2. Make: Dwyer . zoma 48B-15 - ..\rﬂémm ,_ 2. z%_ oaﬁm “Model: xczokiocal| - 37322 ) T2

3. Make: Dwiyer. go%r 648B-05 | 0115016 3 Make: Omega. Modél: XC20Kizocall . 3732-4 iy -

4i Make:: Uim« .HSDQQ 6488+ Hm h@?ﬁmm - 4: Make: OE..NQ -Model: Mﬁmozmonu_ ! 3732:8" T4
¢

U_m:m_ .DBE. Serial Num U>D nrn::n_ Fenwal Heat Detector Serial Num DAQ channel

1. Make; Thomas . zo%_ Traccabl*| 160274632 \+ |1 Make; Fenwal Model: 140 deg. | 80215 .|~ 0o
2:Make: Fenwal- Model: 190 deg. | *-“2802(-5 |- D1

Air Flow Em:wn nu:._m_.mm . mml.& 2:3 U>D channel

1. gmﬁm n_.m~ Zom& 5725, _ o _ ?.Ern vousw n.R.< Zcm& nﬂmurounﬁu ‘KMﬂuﬂmb .:....Z.,\‘> ok
n ?ES. _._E:pn:y. ,ZomnH mewTouvﬁ 3 AAN.\.wmAA. Ak _, Z\.P !
3! Zure. Point n_.c< Eomov mqmwmronvmﬁw . Jmmmm.wmwj s N/A 3
4. Make: FLR Modeli Tedo "=+ /- /55909287 " NIALS

/..;.4 0 PO SIS A 1 O X O S 0t ' 1 e 1 DO O A Y I I S MO [ A |




Glove Installation

D [ ()

S S

LRI I N S P |

Glove/cover installed Cﬁ,z. s, Port # O_ocn?cdnn installed Port #

P 2 By 1 Gl 750 13
3 15
4 16
5 17
G 18
7 18
8 4 20
9 S 21
10 PR 22
11 sl 23
12 T 24

Time & Description of Critical Events . Miscellaneous Notes

Ignition Time: &0 s. Qﬁ\h.fm.. Vsl e Vpﬁ&?w\ﬁ&@%ﬂhr\ m% Sraiviee yres f v

500 deprees at EMME (approx) Time: Arfa , 337 F rex (5% catss/ .Ru\.\,\\m

Breach Time: TS s, Setae el : :

140 Fenwal Detection Time: aﬂq.n.umom .PJOT; b .N N\n:% i \ﬁﬁ% rel. fo Plow s-er8n

190 Fenwal Detegtion A,_Eu..ﬂr\kﬂ O iTTZe. oY 96 s.
Other key times: )




TR U SV R

GB Floor (Top View)

GB Floor (Side View)

P ..\ ~ i —_~
e i U Y R TR
Nt N A N e N s
TN Lt I TN T
[t ok | \ [ Yo f 1
N N BN T Ny
~N Focii=" i ~'~ ..\.I
DA L e B
N N N RN S
M 1 (B T | U @ 13
TG DH kcFe B L
_.mmm:.a“ \yiﬁp M \.?».L Voo
\m\\“\_o:_:o: bag 3. Push Rod c c -
~Sand paper - Horsehair brush 2 -
G~ Screwdriver ¢I_ Scale cord =
L0, Mallet _J-Cotton rounds
\mW_uo_w Bottle AT Kim wipes
F~Leather glove A Loahiic
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # m\_

Experimental Conditions

Test Conduclor Name Date Experiment _bnu:o: Succesa! >_~.uw1wn_
Lo e ] _&\w«&ﬁ _Q.J:&w TR e
Safety Officer Name
\Qﬁ"\ﬂ\d\\\ h\\ﬂ\\«r\%@ el _ Starl Time mw.\& s ) 2
D:.i:«. >$:2:P.mmn Name Ignition Time G5 Qn\a§m Lidyble
Ridee. toidets e 5 ionine |2

q

Hﬂn_ncms_ n:SnE:so:S_ n.o_._a.:o:m




Rl

i

Sensor Characteristics

mﬂ._m_ 2:5 G>D nrwnnm_

Pressure Sensors Serial ZES U>O. n_,:::amp .mrm_,:._o.“o:_u_mm

.H\.awm@_ca?t.zc%_ 648B-05:. Qmi._; ‘zaa Omnésa: . Model: XC20K120Cal | - 3782-1" Gl

2. Make: Dwyer  Model: 648B-15 2 zm_s. Omga zo%inmozmonm_ ._aam-m_. Sl g
3, Make: 632 Model: 648B-05  |i 3: Make; oammm e oRipOCal . 3780 i [l TS 3
4 Makei Dwyer. Model: 648B-15:- | 4914183 I ke Bmeg - Médel ¥c20120€all 37308 . | TAr

t

mﬁ._& Z:B U>O nrmn:m_

Digital Timer Serial Num U>D nrmznn_ Fenwal Heat Detector
1. Make: Thomas. Model: Traceabl’ 160274632] I Make: Fenwal Model:140'deg. - | 280215 . "l Do
% ‘Make: Fenwal: Model: 190 deg. 2802125 . | DL

Air Flow meter

Serial Num DAQ channel nuamnmm

Mn:m_ Num U>D nrmﬁnm_

" 'Model:5725_

CINIA

; wam mcz\: n:.. icmmw nnumm:ocunn 3

‘KNﬂwqmp

[ Make TS

gmrn. u.o_:_n n:% Model: mqmmmrovvnn

Am.wmmﬁ

3 Emrn_ I o:: m:% Zoni ngm%onvmqm

._mmmw.wmm 5

CNIA

1. Zn.xh mr“w Zomn_ T640"

© §5609287

CNIAC-
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Glove Installation

Glove/cover installed LANL insp Port # Glove/cover installed LANL insp Port #
- CY PO R T A 1 s A e, : " 13
R e Lo MWMHN 2 R S T 14
R A 3 P 15
L ‘“o. 4 e 16
T 5 , 17
ARG T e ity \\.‘ i 6 18
z e 7 19
Ry AN 8 20
s SIS T 9 21
N L 10 22
AL N2t B 11 23
A 12 24

Time & Description of Critical Events

Ignition Time: 283 s . fhavae e
oo i N

500 degrees at glove (approx) Time: oA 387 = feem m_ﬁw_../
Breach Time: 4S50 5. e
140 Fenwal Detection Time: 445 v — 852 5. o&—
190 Fenwal Detection Time: 433 5. ed - 1459 5. P S
Other key times:

Miscellaneous Notes




P I

GB Floor (Top View)

\m.\_uo_< Bottle

7 Leather glove

o
Ald ¥ BL
s f\u P ﬁr%
2D s ol
. i E
L o
L E
RS g W R - Y A
Legend:
|, A Ignition bag & Push Rod
_B7Sand paper _H7Horsehair brush
27 Screwdriver _+ Scale cord
~Mallet -7 Collon rounds

K-Kim wipes

L

GB Floor (Side View)

= - S e~
N Vi AR B N
Mo N N hl TN
Sl Lot gt FETR
I AT TSR SN ey
r..l s f..l.\. w\ -l.\. \ L
~ - e~ i i)
! G O S Yo \
NN b B (EUE




ST e I 1 0 T O

L s 1 O YD O O 4 WY 0 VR

[f rl! ! r.lmll-

UONEJYNSA B UCISIARY

sainjeubls pazuoyiny

K10}SIH UoISIASY

1% T . T W T 1)
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TR NERIEN

Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # Z<-

Experimental Conditions

Test Conductor Name Date Experiment Location Success- .m;uo.lm&
Da /G P A e e
Safebty Officer Name )
.._N\\.n\\\o.x\n &?ﬁ.‘m\d\m _ Start Time _Si¥F
DE&H?\}mmEmunm\mmU. Name Ignition Time | 7249 -
ek il | EndTime | 2/20:

Sl

Relevant Environmental Conditions

%N.mwun... tn bicntee o . i - . S
B 7 mk.,.ﬂ.\x.,. b == e




Sensor Characteristics

Pressure Sensors

mm!m_ Z::.. DAQ nTm:ﬂmH

.H_._m_‘aono:_uumm

Serial Num DAQ nrmbnm_

?m del; XC20K120Cal

T __Um.\.mm 7

Zmrn oaamm Zoma xnwoﬁmonm_ 5

: mqu..N. 2

: m men. OH:mmm Eomm_ Nﬂmoﬁmonm_

Y]

4i g&nm. Uémﬂ Model: 6488-15

ﬁg&nm Ou..nmw \ Kom&. Mﬁmoamonm_

7 370

U_m:w_ Timer

Fenwal Heat Detector

1: Make Tomﬂmm zommw

|1 Maké: Fenwal - ‘Model: 140 deg.

3802155

wmﬁﬂ ZCB U>O nTE.:.-m_

an m_oﬁ :‘_m”mn

2. Make: Fenwal ‘Model:190 deg:

! .._.,&moﬁjm A

nm:._nnum

Zurn. mc:.: n..n< gcman}mm.:onvnﬂu

AQ;4h-uqmp

mro. Point nﬂn< Zcmn_ nnmmmwcnvnﬂ u

‘Kmqwmﬁ,

3. Zuro. m_c_:_" OE< Zon_a_ mgmmroﬁnﬁm

._mmmw.\.mm

4. Zuwo FLIR gom& T640"

55909287
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Glove Installation

Glove/cover inslalled LANL insp Port # Glove/cover installed LANL insp Port #
S S SREL 4 e T e e ey B SR el 16
e T 6 R By ST 18
e B o 8 LERES 20
R o ol 9 TR 21
At A 10 i 22
Sty 283 11 D e 23
A jigp Rl 12 b B o 24
Time & Description of Critical Events Miscellaneous Notes
Ignition Time: _Nnmf.m\ .*p\n_. vre wvigible Stowmped weted wf nhnecfm Shvep mci. Conar,
_?Rv‘hm@ Tbﬁg?ﬂ ‘

500 degrees at glove (approx) Time: ~/4  J13°F prax (
Breach Time: A

140 Fenwal Detection Time:  A//A

190 Fenwal Detection Time: /v /A

Other key times:

e )

v.]ﬁl_ﬂﬁ..u }ﬂ___
CNCZd paeked wf Lotk nfsﬁﬁ ﬁS\* cSWer

f&thhf.‘ “ ..ﬂ.}um B v

ms. slell a4 ove

ﬂc?_.m

o

mstalled m QS‘T“

23 29

24 R o




GB Floor (Top View)

GB Floor (Side View)

[Ermr) =] ﬂII.IJ _H“I_ LN S NN
: . Ty ) . L ..“..,‘M ﬁ) i \.J...
i ,,L W Era s
b i Dcx »—w Ay _MW dozi iy .
P (o
; AT Nysolon Wk o N /r\.
R " i : _
5 V5 z W L3 0
Legend: Avasa _a.ﬁn gl ,..vv
A gnilion bag ~A&7Push Rod
B Sand paper HHorsehair brush FLE W 1
-€- Screwdriver 1" Scale cord =
B Mallet <J. Cotton rounds
E7Poly Batile MA\M_B wipes
F Leather glove ??TK
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # 2.2

Experimental Conditions

Test Conductor Name Date

Experiment Location Success

Devvie! S ] Leledle [ F5rees 2ot T

Aborted

Safety Officer Name

\Nﬁrw.wu\n. Ay | Start Time

Quality Assurance Rm.v. Name Ignition Time

Ll A ol ) End Tirme

.
I8

ht -,
<

J

Relevant Environmental Conditions

i umw?&& visibis




1

Sensor Characteristics

wnmmwcn.m mm:mcwm

*

Serial Num DAQ channel

1; Makd:. Uﬁwnw gomm_ 648B105"

Serial Num DAQ channel HTmnEono:_uumm

2 Make Diyer Model:-648B-15

aa. oBanm zoﬁE xQoﬁwonL !

3, Mak Uaﬁ.ﬁ ‘Model: mmmm 05

4; Make: miﬁn “Model: 648B-15:

Unm;m._ Timer

1 mem. HroBmm Zonm_ Traceabl

‘ 1602 mﬁmmm

Air Flow meter

2. Emwm. Fenwal 'Model:190 deg

Serial 2:5 U>D nTm::m_ Cameras

aKé TSI Modeli 5725

$11004 “

15383782

4. Make: FLIR Model: T640 -/

4. Make: Poinit Grey 'Model: Gra wmronuﬁ. 3

55000287
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| OTIOT O O A5

Lt

O O O Y W NN

= A
Glove Installation
n_o<n.~no<m4 Smﬁm:mm LANL i 5% Port # n_ocn.\nocnn _nﬂm:mn_ C;:. insp Port #
L :f_ e : 1 Tciweun ikl 13
i 2 14
3 15
4 16
5 17
G 18
7 19
8 20
9 21
10 22
11 23
12 24
Time & Description of Critical Events Emwnm:m:mo:m Notes
Ignition Time: U2 & . b_.w_:\i risidL€ = Nu\u N.W,% o-f [Cim Y...;.QLL. %.132.%6“\ h\w\h@
500 degrees at glove (ppion) Time: | | 1Z4°F ot (W) AL dstribetd T pods
Breach Time: N .? T80 S create b N
140 Fenwal Detection Time: NIA el Tnhﬁm‘: v hee
190 Fenwal Detection Time: N/A

Other key times:




L

RN

Ll

TR

aadad

UV L

0 S DL W §

GB Flaor (Top View) GB Floor (Side View)
t v
— .\...... -~
T L S b
e e | e I RHICE Al 7 S Y -
X ﬁa f ; :
A
Ew, e | R \ { i
_\m. o T R A T

=

T T ]

Legend: ?%._,
A \gnition bag A57Push Rod ﬁ
_B.Sand paper M7~ Horsehair brush Y

£ Screwdriver A7 Scale cord

_D7Mallet -4 Cotton rounds

JE” Poly Botlle K Kim E_umm

_F Leather glove AT bt

A
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|
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Revision History

Revision & Justification

Authorized Signatures
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # 2 ,x

Experimental Conditions

Test Conductor Name Date. Experiment Location m..cnnmmm \ h,yvoimm =

7 DA | | IV [T

L ] L

Fladbdolo 4

 David G ] [Cladtelgormes a7 AL

Safety Officer Name

J B‘&\:ﬁm R%@T\Nn o i _ Start Time ..wm‘”.m.v..v. : :
Quality Assurance Nmﬁ.on\_dm Ignilion Time ,W.V Nm sl
CRucle Hcleley ) EndTime | % um._ﬁ

Relevant mﬁ&ao:.ﬂ& Conditions




N3

Sensor Characteristics

Pressure Sensors Serial 2:3 DAQ nrmnnm_ Hrnngono:ﬁ_mm mm:m_ Num U>O nru::mH

1 Make: Dwyer . Model: 648505 | me:m 1 Malte: Omiga’ :Model: xnmogonm_ Smf A

Ll

2: Make: Dwyer .. Modcl:648B-15' _saﬁ On.ﬁmm Zomm_ xnmoﬁmonm_ = ‘wqmm-m .A,., by

|11

L !!'I.

,'l |J

1

R

TS TN D

3. Make: Diwyer . Model: 648B-05 3'Make: Omega ; 37324 SR

4y Make: Dwyer*Model: 648815 - .| 4914183 iMake: Oméga 'Model: XC20K120Call  3732.8° . |\ 174y
UHN_E_ Timer . Serial Num U>p nTm::& Fenwal Heal Detector mm:..: Num U>O nrmﬂsl
1; Make: Thornias Model: ﬁmnm&_ 160274632 | A" - |1 MaKe: Fénwal’ Model: 140 deg | . 2802125

2. Make: Fenwal Model: 190 deq. | - 2802135
Air Flow meter , Serial Num U>D nrmbnn_ Cameras mm:& Num

A astd00a [0 WA H‘m?,._&__\amq_??

1, Maké: TSI, Model; 5725 14273764
uu_hmu\.wmbbﬂ
4! Zuxe vEEOZ.J. Zomm_ nqmmn.rniuﬁnw ,..‘_mm.wuwmmn

4; ..?__mra FLIR-Model: T640 i mmwomm_m.w

q Zaﬁ. _._o:._ﬂg _.. Zon_nu nwmmm:cunnﬂ m




Glove Installation

_ .Qoqunodmn installed Port # Glove/cover installed LANL insp Port #
T gUy2030. N R T T e ey R
g 3 15
Y 4 16
5 17
6 18
7 19
8 20
] 21
10 i 22
11 ~ g g . 23
12 D o ] 24
=
Time & Description of Critical Events Miscellaneous Notes

Ignition Time: 30 3, %\N_PS)P RSy AS (2) Nm\..nq. ef Kiun Wipes 33&5@5& m_h%?i&

500 degrees at glove (approx) Time: o o ; .

Breach Time: NIA _L\\./.n » UAF WMM Tl L %__.m,xﬁr«h « dishibleof bre nrecse Ptz

140 Fenwal Detection Time: AJ/ /) 1210 4o cveate v..:,nv%m fr fire

190 Fenwal Detection Time: )N/ A

Other key times:




GB Floor (Top View)

GB Floor (Side View)

BT L L oy _.\f.__.
3| /.I\ /f}\.... /.I / /..IA\.
P | ;__. / J “\x_._
A Y R et S N
{ B / ;_ ...\..;.__
Np B AL e nRe A VN
] [ 1 I T T B T
1 I egwg ¢
Legend: Ll € & Aesd d
|/ Ignition bag “%E% Rod e T v
_B. Sand paper E Horsehair brush ﬂﬁ! e
\ﬁw Screwdriver i{’Scale cord
D Mallet ﬁ\no:o: rounds
- Poly Botile 'K Kim wipes
|F~ Leather glove L m\r?gt Ly
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Revision History

Revision & Justification

Authorized Signatures




Emergency Contact Information:

911 or (575) 835-5555

Glovebox Fire Suppression: Experiment #Wﬂ

Experimental Conditions

Relevant Environmental Conditions

Test Conductor Name Date Experiment Location Success Aborted
Daviel Gron ‘] B e Vs
Safety Officer Name ks :
vl m\\\..viw.{lhi _ Start ,::SW 10 .zww—\_
e g . i
Quality Assurance Rep. Name Ignition ._.:.:MV \Tw\.,\... A
End Time 4| 105,

@ﬂ.\& 5 e ,f._a?m«&\
0 il .....;?:.H.tu,\,&

7o Floyme Uis: b

O
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Sensor Characteristics

Pressure Sensors

Serial Num DAQ channel|Thermocouples Serial Num DAQ channel
1. Make: Dwyer Model: 648B-05 | 4614118 A0 1. Make: Omega Model: XC20K120Cal 37321 T1
2. Make: Dwyer Model: 648B-15 4514088 A1 2. Make: Omega  Model: XC20KI20Cal 3732-2 T2
3. Make: Dwyer Model: 648B-05 | 0115016 A2 3. Make: Omega  Model: XC20K120Cal 37324 T3
4. Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega Model: XC20K120Cal 3732-8 T4

Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num  DAQ channel
1. Make: Thomas Model: Traceabl [160274632 N/A 1. Make: Fenwal Model: 140 deg. 28021-5 DO
2. Make: Fenwal Model: 190 deg. 28021-5 D1

Air Flow meter Serial Num DAQ channel|Cameras Serial Num DAQ channel
1. Make: TSI Model: 5725 1511004 N/A 1. Make: Point Grey Model: Grasshopper 3 14273764 N/A
2. Make: Point Grev Model: Grasshopper 3 14273944 N/A
3. Make: Point Grey Model: Grasshopper 3 15383782 N/A
4. Make: FLIR Aodel: T640 55909287 N/A

D
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Glove Installation

O_o<m\no<mn installed LANL insp Port # Glove/cover installed LANL insp Port #
S UNZ2O50 PR 1 Sy 30 RDA 13
o { 2 -1y \ 14
i 3 r 15
e 4 “ 16
EN IS 32 Wikt ) 5 )z 17
I v feved 9 6 7 18
U V230 7 5 19
Z / 8 £ ; 20
B3 | 9 P W 21
L _ 10 Y. DA 22
& UN 20 5 Vo, 11 BYI5 52 7007 [ mf a3
2y KA 12 Sl e il LA IPY.

o G )1

Time & Description of Critical Evenls
Ignition Time: E\D <o w.\\?_z. visible

500 degrees at glove (approx)} Time:
Breach Time:

140 Fenwal Detection Time:

190 Fenwal Detection Time:

Other key times:

oiu

AJAN, pox dewnp 86" \qn\
YA
e
NIA

Rechhne

Miscellaneous Note

B 251 285

w\:\ |e
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GB Floor (Top View)

GB Floor (Side View)

~ = = P
Y A W A T A
[ f ] - [ S N/ N_ /N
% s
a7
q m ~ L -~ N
" (T A Y A T A
\./SP_, b..cmr. .; 7 N_/ N/ N_S
S |

T L L 8 F % q

_2 N_ N 4ON
S i S ] i—J Y T : T

= (CIESAN I

Legend: v Y 7
A Ignition bag &~ Push Rod A Morvet Kok DV
A3. Sand paper . Horsehair brush n.u G
L. Screwdriver ArScale cord L c

b7, Mallet J. Cotton rounds
" Poly Bottle K. Kim wipes
JF Leather glove £ b b
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # < (-

Experimental Conditions

Test Conductor Name Date Experiment Localion Success Aborted
Mf\ub TM\\ Grend _ _ .w\:.\\m _ Horees, 2-tom ._.\\ _
Safety Officer Name
Tavmii e Epulesley | Start Time | }§ Y2 5 o
Quality Assurance Rep. Name Ignition Time - \.\u.\,\.& Mo e wisitle
T e | EndTime [4] 54D

Relevant Environmental Conditions

7 e
m.J,‘.\ nw Fie .u%hkﬁenn.nu\ it

220 T - oped \EEYM\Q
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Sensor Characteristics

Pressure Sensors Serial Num DAQ channel|Thermacouples Serial Num DAQ channel
1. Make: Dwyer . Model: 648B-05 | 4614118 | A0 1. Make: Omega _ Model: XC20K120Cal| ~ 3732-1 R
2. Make: Dwyer Model: 64BB-15 | 4514088 Al 2. Make: Omega_Model: XC20K120Call  3732-2 £0T2
3. Make: Dwyer - Model: 648B-05 | 0115018 A2 3 Make: Omega Model: XC20K120Cal|  3732-4 T3
4. Make: Dwyer Model: 648B-15 - | 4914183 A3 4. Make: Omega Madel: XC20K120Cal 3732-8 .E‘
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num DAQ channel
1. Make: Thomas Model: Traceabl Amom._ﬁmwl N/A 1. Make: Fenwal Model: 140 deg. 28021-5 DO
2. Make: Fenwal Model: 190 degp. t2B02L5 D1
Air Flow meter Serial Num DAQ channel{Cameras Serial Num DAQ channel
1. Make: TSI Model: 5726 1511004 | NIA |1 Make: Point Grey Model: Grasshopper3 | 14273764 | - NIA -
2: Make: Point Grey Model: n;wmroﬂvﬂ.w. 14273044 S NIA
3. Make: Point Grey Model: Grasshopper 3 - 15383782 N/A
4 Make: FLIR Modek T840 55909287 “NIA
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Glove Installation

Glove/cover installed

LA,

Padldde

L

ks

osdidadd

LANL insp Port # Glove/cover installed LANL insp Port #

BuUYzo30 K14 1 Buy 2030 K 13
/ [ )% 2 = g 14

s DA 3 3 \ 15

>3 2 DA 4 77 g 1 16
B sss T AIRDI | s 7 17
o T\nb«.ﬂx\m ﬁ. v/ 6 o 18
LUy 203 ¢ K17 7 2 [ 19
o R,b\&‘ 8 o~ 20

SN 1532 L 1, 9 © 21
2 < DH 10 2 1/ 22
LUy 2030 { x,g\ 11 GVIS32 F\n.eu&i A 23
2 RDA 12 v e | WDH 24

Time & Description of Critical Events

[gnition Time:

500 degrees at glove (approx) Time:  AZA, g feup €7° (o

Breach Time:

140 Fenwal Detection Time:
190 Fenwal Detection Time:
Other key times:

N, no Flame veible
T
A
NG
pIA
/4

Miscellaneous Not

Rort-fonon # (S

PR




GB Floor {Top View)

1

] [ 1
un® &
W €
N
G g
iF

G l‘«t\_

F. Leather glove

i [ S | e =l
Legend:
A. Ignition bag G. Push Rod
B. Sand paper H. Horsehair brush
C. Screwdriver I. Scale cord
D. Mallet J. Cotton rounds
E. Poly Bottle K. Kim wipes

L, P mp_vf,r

GB Floor (Side View)
-~ s i ~ -
{ L ! \ f 1 \
N7 N b
Catin ! 0 S it -
A Tkt T R N i
Nl NS N N
-~ e e i
Lasy ogt e e YEE R
Noof N N N
5 N N
¢ w QRE .
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Emergency Contact Information:
911 or (575) 835-5555

n =
vt 5

Glovebox Fire Suppression: Experiment #_=

Experimental Conditions

Test Conductor Name Date Experiment Location Success Aborted
Uﬁ 3,,?\ (T _ _ ) __~.._ i ,\_ il TR e s, e T e\\ _
Safety Officer Name
Tavaie L bty Loy _ Start Time PLE 7
Quality Assurance Rep. Name Ignition Time | A//#
Bol Hawnse _ End Time [Z:10

Relevant Environmental Conditions

mﬁbﬂ.m\._ _0 ___..\c ,ﬁ_u e e 20—

\mx -4 “\“./«,\\,...\._5‘::“\“% .

A2 fbpe sl




L B (1083
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Sensor Characteristics

ﬂmmm:_,m Sensors Serial Num DAQ channel|Thermocouples Serial Num DAQ channel
igmrm,, Dwyer _Model: 648B-05 | 4614118 A0 1. Make: Omega Model: ¥C20K120Cal 3732-1 T1
m Make: Dwyer Model: 648B-15 4514088 Al 2 Make: Omepa  Model: XCZOK120Cal 3732-2 T2
3, Make: Dwyer Model: 648B-05 0115016 A2 4. Make: Omega Model: XC20K120Cal 37324 T3
4 Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega Model: XC20K120Cal 3732-8 T4
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num DAQ channel
1. Make: Thomas Model: Traceabl | 160274832 N/A 1 Make: Fenwal Model: 140 deg. 28021-5 DO
2. Make: Fenwal Model: 190 deg. 28021-5 D1
Air Flow meter Serial Num DAQ channel|Cameras Serial Num _ DAQ channel
1. Make: TSI Model: 5725 1511004 N/A I Make: Point Grey Model: Grasshopper 3 14273764 N/A
2. Make: Point Grey Madel: Grasshopper 3 14273944 N/A
3. Make: Foint Grey Model: Grasshopper 3 15383782 N/A
4. Make: FLIR Model: T640 55909287 N/A
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Glove Installation

-\IJ

Glove/cover installed

= LANL insp Port # Glove/cover installed LANL insp Port #
SU(zo30 K 1 _BuUv 2030 KDY 13
£ | 2 /r _ 14
\ | 3 7 15
7y 4 7 16
SIS 32 “ cover g 5 o 17
‘s “f ¢ne v /3 6 5 18
DUy 20 3o 7 o 19
i 8 v 15 20
EYisaa / 9 D | 21
2 N/ 10 o A 22
SNy 2o 30 v 11 BYIS2T Ve 4 W 23

[
o RD4 12 2 e KW 24
T

Time & Description of Critical Events

Ignition Time:

500 degrees at glove (approx) Time:

Breach Time:

140 Fenwal Detection Time:
190 Fenwal Detection Time:
Other key times:

\/\\\N o Flap: Su.mww‘_

A, F37 A Ferap \\.ﬁg

AL
ALA
i

RebaHhnen® 301775

Miscellaneous Notes

e Tl I \\Nw

—
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GB Floor (Top View) GB Floor (Side View)
T N e~ oz )
{ Vil 1 { Vo \
[ E=1 [ [ Lt ol R T O
=5 2 BT
Dt T SRR =
o - — o T
DB £l e TN R E R
EIve R N N
A A W
) Q A_.\ .{— .5.\./.— x\ .Ig .‘.\...I.J
H rm N L Ny N A N
T 1 { _P .,_ 1 ]
T DL N pF M
Legend: S K
A. Ignition bag G. Push Rod M. Marker G p E
B. Sand paper H. Horsehair brush 7...?V L Ny
C. Screwdriver 1. Scale cord EE
D. Mallet J. Cotton rounds =]
E. Poly Bottle K. Kim wipes
F. Leather glove L. FPaalg-bik

0
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment

Experimental Conditions

# 26

Test Conductor Name Date Experiment Location Success Aborted
.\N\\Iu.\\m .\._1\\ \Wﬂ.ﬁcnt d\ _\ ! ; x_:\ |\MM..J&,M > Z-7ore /\
Safety Officer Name
s e Piesles e L Start Time 21 Em
—J - . -
Quality Assurance Rep. Name Ignition Time -t
End Time 320l

E E ]
NU:U L\AT_L/ S o b~—

<

Relevant Environmental Conditions

58 - 0" sia bunleer

VA A \_x:.:\r%

2:51 &

Loty

\..\~N\\m

vist _F.\.r\
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1
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Sensor Characteristics

Pressure Sensors Serial Num DAOQ channel|Thermocouples Serial Num  DAQ channel
1. Make: Dwyer Model: 648B-05 | 4614118 AO I. Make: Omega  Model: XC20K120Cal 3732-1 T
2. Make: Dwyer Model: 648B-15 4514088 A1 2. Make: Omega  Model: XC20K120Cal 3732-2 T2
3. Make: Dwyer Model: 648B-05 | 0115016 A2 3. Make: Omega  Model: XC20K120Cal 37324 T3
4, Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega Model: XC20K120Cal 3732-8 T4
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num _ DAQ channel
1. Make: Thomas Model: Traceabl | 160274632 N/A 1. Make: Fenwal Model: 140 deg, 28021-5 g DO

2. Make: Fenwal Maodel: 190 deg.

280215 | DI

Air Flow meter Serial Num DAQ channel|Cameras Serial Num _ DAQ channel
1. Make: TSI Model: 5725 1511004 N/A 1. Make: Point Grey Model: Grasshopper 3 14273764 NIA

2. Make: Point Grey Model: Grasshopper 3 14273944 N/A

3. Make: Point Grey Model: Grasshopper 3 15383782 N/A
7’ 4. Make: FLIR_Model: T640 55909287 N/A
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Glove Installation

SO BB |

Glove/cover installed LANL insp Port # Glove/cover installed LANL insp Port #
Buyro3o [ 1 211y 2030 DA 13
” \ 2 o 14
v 3 7 15
i 4 Va 16
BvIs 32 Teoer A 5 y 17
or S eener B 6 7 18
SUyzo3o 7 Va 19
/74 m i NO
8YI532 _ 9 v 21
/ 10 v 22
 BuUY 3D \ 11 B Yisgz s 23
« Ry 12 T, T eaerp &Y 24
Time & Description of Critical Events A Miscellaneous Notes \
Ignition Time: 2(0 5. Sl AT \ﬂ ;Dj.m“v) QRH@“MA«W\ LA N\: Ru
500 degrees at glove (approx) Time: MTA | pax _.94. \w7* Qﬂvm —
Breach Time: 433s.
140 Fenwal Detection Time: [ A -
190 Fenwal Detection Time: N/
Other key times:
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GB Floor (Top View)

GB Floor (Side View)

kWi .\.\./, i
R ] ]| ] F a4 R AR
1 hA
=3 Fie
) ] aba - e .
J ST ..):-c._ E ~ ~ ™
| S Y A B B
x 7/ \ ozl /.rl / \ 7
@ -
P m ﬂ- ~ N Ry .
V! vt Vo \
H 7 ./ N/ \ -
T = [ J i ¥ i
T F & MM
Legend: Avd B C ¢
A Ignition bag m\ Push Red E mc.rﬁv ﬁu “ n C
B Sand paper M. Horsehair brush N _,\@0;4%,3@ A e
¢/ Screwdriver ¥ Scale cord L o
. Mallet J. Cotton rounds E 2
& Poly Bottle M. Kim wipes
. Leather glove e Fankods
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # 29

Experimental Conditions

Test Conductor Name Date Experiment Location Success Aborted
UDS;Q\ (Syom? ; _ _J\:\\? _ \Nﬂu\._w}nh. Z2—fo v
Safely Officer Name
T v NF@.;—NA,\_\JI L Start Time 343
Na Ignition Time | 3 il

Quality Assurance Rep. Name

mW.ur lb&?hﬂv&l _

Relevant Environmental Conditions

End Time

m%. ma \Ha. Mux_\x\ﬂwﬁ\.\
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Sensor Characteristics

Pressure Sensors Serial Num DAQ channel|Thermocouples Serial Num DAQ channel
1. Make: Dwyer Model: 648B-05 | 4614118 AD 1. Make: Omega  Medel: XC20K120Cal 3732-1 T1
2. Make: Dwyer  Model: 648B-15 4514088 Al 2, Make: Omega  Model: XC20K120Cal 3732-2 T2
3. Make: Dwyer Model: 648B-05 | 0115016 A2 3. Make: Omega Model: XC20K120Cal 3732-4 T3
4. Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega Model: XC20K120Cal 3732-8 T4
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num__ DAQ channel
1. Make: Thomas Model: Traceabl Amom..ﬁmwmh NIA 1. Make: Fenwal Model: 140 deg. 28021-5 DO
2. Make: Fenwal Model: 190 deg. 28021-5 D1
Air Flow meter Serial Num DAQ channel|Cameras Serial Num  DAQ channel
1. Make: TSI Model: 5725 ~ 1511004 N/A 1. Make: Point Grey Model: Grasshopper 3 14273764 N/A
2. Make: Point Grey Model: Grasshopper 3 14273944 N/A
3. Make: Point Grey Model: Grasshopper 3 15383782 NIA
4. Make: FLIR Model: T610 55909287 N/A




L o
Glove Installation

Glove/cover installed LANL insp Port Glove/cover installed LANL insp Port £
ShvVzezo N.ﬁL. 1 BB e b Py s =y -
= 3 . [ 15
= 4 u M 16
EViEB2 Tea 5 P e
I vl Niﬁ 6 I 18
SuYzs 7 { 19
= 8 fd} 20
SYIT=2- 9 T Y
£ 10 1" 22
Suvy 2030 Vi 11 SRz — /\ 23
~ KDH 12 T EL Y

Time & Description of Critical Events
Ignition Time: (S S

500 degrees at glove (approx) Time: _ﬁ\} X .T..r.ﬁ sl ﬁr&

Breach Time: 856 s,
140 Fenwal Detection Time: P
190 Fenwal Detection Time: N/ A
Other key times:

\ﬂ\n\V

Miscellaneous Notes

ﬂk&ﬁﬁﬁmﬂuﬁa\%

e
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GB Floor (Top View)

GB Floor (Side View)

r /, ﬁ\.f., _._.\ .,.. _\.J.,
1 o R T
H PP e
—> N . |
N T ki Gl W T
?ﬁ /ﬁ\y\hm..t o N i Nt N A
9 .m|_m s (it ) e LA
= V! \ { v I \
H = e N Son B N,
—71 1 | PR N IS | ] R F %
H. ﬂ.ﬂ i \ 9@3 ce
Legend:
4 Ignition bag “Push Rod R INACYRs _m Mo
/B7 Sand paper A Horsehair brush N7 ﬁﬁ.%? Tub: " el G
| &7 Screwdriver "kScale cord ﬁd o
1o Mallet J. Cotton rounds ¢
"E Poly Bottle AC Kim wipes
£ Leather glove L C w N
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment #95°

Experimental Conditions

Test Conductor Name Date Experiment Location Success . Aborted
e winbeqie, | ;\:_\:._ T e e R

Safety Officer Name

JA i, |

Start Time Giof

Quality Assurance Rep. Name

Ignition Time | F. 04

= 5 vl
ol Hmeseas | End Time | G4

Relevant Environmental Conditions

e
16 S el _?am&ku
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1 bae

Sensor Characteristics

Pressure Sensors Serial Num DAQ channel| Thermocouples Serial Num DAQ channel
1. Make: Dwyer Model: 648B-05 | 4614118 AQ 1. Make: Omega Model: XC20K120Cal 37321 T
2. Make: Dwyer Model: 648B-15 4514088 Al 2. Make: Omega Model: XC20K120Cal 3732-2 T2
3. Make: Dwyer Model: 648B-05 | 0115016 A2 3. Make: Omega Model; XC20K120Cal 37324 T3
4. Make: Dwyer Maodel: 648B-15 4914183 A3 4. Make: Omega Model: XC20K120Cal 3732-8 T4
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num DAQ channel
1. Make: Thomas Model: Traceabl | 160274632 N/A 1. Make: Fenwal Model: 140 deg. 28021-5 DO
;i 2. Make: Fenwal Model: 190 deg. 28021-5 D1
Air Flow meter Serial Num DAQ channel|Cameras Serial Num DAQ channel
1. Make: TSI Model: 5725 _ 1511004 N/A 1. Make: Point Grey Modcl: Grasshopper 3 14273764 N/A
2. Make: Point Grey Model: Grasshopper 3 14273944 N/A
3. Make: Point Grey Model: Grasshopper 3 15383782 . NIA
4. Make: FLIR Model: T640 55909287 NIA




Glove Installation

> ﬁn\uo‘.ﬂwwnocnl:m,m:na LANL insp Port # Glove/cover installed LANL insp Port #
2UY20 30 {5 RN 1 8 JY 26 30 ~ DA 13
/¢ ] 2 ’ " : ; 14
__m | 3 I 15

; - 3 -

SYIS D2 (o A G 5 i ] “w
1" Coven 13 8 1 | 18
LY a0 36 7 o ] 19
@ l 8 i [ 20
BN reity wHed / 9 a o= #l
5. Ll R | 10 i 7 o 22
STV 20 %o \/ 11 Y15 32 Covt Aol o VW . - 23
L AV 12 FsE Covwifd )| KON 24

(i e Qg

Time & Description of Critical Events

191 s

Ignition Time:

500 degrees at glove (approx) Time: \4\\». Pacix .T._?\u jo3° Nhr

Breach Time:

140 Fenwal Detection Time:
190 Fenwal Detection Time:
Other key times:

ZER S
N/A
A

cnr a\nx

s, F@»Mma_ww\@m . 7kl
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GB Floor (Top View)

GB Floor (Side View)

./.. ﬁ\.)..— _n.\ ,...._ _..\......._
o A s, A e {1 N JAN_F o P N
F H MM
&, P GoN
..Bt.qm\u mum_?hi ,..,.. { .;.._ { ,...“_ { ,,.._
K S NS Ve o Nk
(CI.
S ~ R . e
L mm S A T SN B
H we? Nt N N _ -
== = 1 1 { 1 1 1 i Lﬂv
g Push Rod o Aso Y cC (247X
A. Ignition ba G. Push Ro : G =g B V(S
B. m@mza nmu% H. Horsehair brush N, Tyeow .?_C:.M\_ _W ov "/
C. Screwdriver I. Scale cord il
D. Mallet J. Cotton rounds .
E. Poly Botlle K. Kim wipes ., m
L. FAUTASI K

F. Leather glove
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment #0I

il 14

LI

Experimental Conditions

Test Conductor Name

J;M_a__..._. fh._ mber _.ov\ \_

Safety Officer Name
Sakub M v =k ouoslet _

Relevant Environmental Conditions

Dale

Experiment Location

Success

Aborted

_ﬁ:i_a

2-Tan

X

Start Time

1O

/i

Quality Assurance Rep. Name Ignition Time | /i~ :
Rob  Waaorn ﬁ ,mp..n_ﬂﬂ& 11.0y
pe 2f __@\ 1o

m.ml. 7 P b \.__“\Q?»..P;u.d\l

[y

/67 el \:.?26«@
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Sensor Characteristics

Pressure Sensors Serial Num DAQ channel|Thermocouples Serial Num _DAQ nrn_.:b&
1. Make: Dwyer Model: 648B-05 | 4614118 ) 1. Make: Omega _Model: XC20K120Cal| ~ 3732-1 T1
2. Make: Dwyer  Model: 648B-15 4514088 Al 2. Make: Omega Model: XC20K120Cal 3732-2 T2
3, Make: Dwyer Model: 648B-05 | 0115018 A2 3. Make: O.._.:nmm Model: XC20K120Cal| 37324 T3
4. Make: Dwyer Model: 648B-15 | 4914183 | = A3~ |4 Make: Omega Model: XC20K120Cal|  3732-8 T4
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num _ DAQ channel
1, Make: Thomas Model: Traceabl ._mom.\.hmmw_  N/A 1. Make; Fenwal - Model: 140 mom\.. 28021-5" ~ bO

2. Make: Fenwal Model: 190 deg. 28021-5 Dl
Air Flow meter Serial Num DAQ channel|Cameras Serial Num DAQ channel
1. Make: TSI Model: 5725 1511004 NIA 1, Make: Point Grey Model: Grasshapper3 | 14273764 NJA

2. Make: Point n_‘.n.< Modek: m«mmmrmuvnmu ._Amqwmwb NIA

3. Make: Point Grey Model; aqpmm&ovvnqw « Am.mmWNmM NIA

4 Make: FLIR_Model: TGO 55909287 “NIA

S —
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Glove Installation \

Omwdmnmn”wa._“wwm:nm LANL insp Port # Glove/cover w:m”m:h\n_\ LANL insp Port #
TUN20 Do 1 LUy 205l 13
& 2 il 14
I 3 \ £ 15
o 4 A 7 16
hmw \ IS B2 “Srirvor \r 5 \\\. 7 17
24 Ao R 6 A & 18
E N 2o B 7 o ‘o 19
Vs ! B £y 20
- z 10 - 2 - 22
BUYrcZo pa 11 ©TLBYIS B2, R 24
z o 12 o s B v : 24

Time & Description of Cfitical Events Miscellaneous Notes
Ignition Time: MN u w \ _ uﬂ TNI\ mﬂ
500 degrees at glove (approx) Tipfe: NSO wu | w Hm I\ r
Breach Time:
140 Fenwal Detection Ti
190 Fenwal Detection 1

Other key times:
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GB Floor (Top View}

GB Floor (Side View)

-~ e~ i~ e~
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D&L, Al nup{.rw.w Vﬂnn.\
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D yud L. Fhdke S N N/ N/
|M\_V Pl . . .
= i ) Voafeo % vk 1T 2
X En .Mr o SNy B R N
A A i R S A W | S T s i M I
= O Devﬂt .u“ N x Fnaug _m-m.(
Legend: Prne\B, | G Koo p e
A. Ignition bag G. Push Rod M. Morkers vl L F
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # fep1s

Experimental Conditions

Test Conductor Name Date Experiment Location Success Aborted
T4 crd i _ [Bipile [ a A e [a i il
Safety Officer Name
Start Time | J112Y

e Pl
—

Ignition Time it 27

Quality Assurance Rep. Name

Bl Hemso L End Time A

Relevant Environmental Conditions
N\Wmu r\ 5 \I..\r" .F.“:)hu,.um\ :
Fpie X g e
/67 el x.r\é:n\fqﬂ




Sensor Characteristics

Pressure Sensors Serial Num DAQ channel|Thermocouples Serial Num DAQ channel
1. Make: Dwyer Model: 6488-05 | 4614118 - AD 1. Make: Omega Model: XC20K120Cal 373241 T1
2. Make: Dwyer Model: 648B-15 4514088 A1 2. Make: Omega’ Model: XC20K120Cal 3732-2 T2
3. Make: Dwyer Model: 648B-05 | 0115016 “A2 13 Make: Omega  Model: XC20K120Cal 37324 T3
4. Make: Dwyer Model: 648B-15 | 4914183 A3 4. Make: Omega  Model: XC20k120Call  3732-8 T4
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num DAQ channel
1. Make: Thomas Model; Traceabl \_momﬁmmmw _ N/A . |1 Make: Fenwal Model: 140 deg. - 28021-5 Do
2. Make: Fenwal Model: 190 deg, 28021-5 D1
Air Flow meter Serial Num DAQ channel{Cameras Serial Num DAQ channel
1. Make: TSI _Model: 5725 1511004 | 'NIA |1 Make: Point Grey Model: Grasshopper3 | 14273764 N/A
M..Zmre.. Point O_.n._., Model: OSmmT..oﬂvm.w..m A#M.Nwmaw N/A
a Make: Point Grey Model: Grasshopper3 | 15383782 N/A
4 Make: FLIR Model; T640 | 55909287 N/A




Glove Installation

Glove/cover installed LANL insp Port # Glove/cover installed LANL insp Port #
FINECER iy 1 Bilyzo5o KDA 13
o ¥ 2 ” ) 14
z / 3 ; / 15
o~ [ 4 & 18
Y537 A A | 5 7 17
. AP | 6 - 18
SN Zom / 7 e 19
z \ 8 z 20
aHiSH 9 ~ { 21
o 10 < 22
_ BiaYzoeds M 11 o Sy g R g LE T L 23
“ / 12 | 7o oA ?iﬁ. ,NG.J_. . 24

Time & Description of Critical Events

(8 s

lgnition Time:

500 degrees at glove (approx) Time: {4, mer toy 2l
Breach Time: /63 5.

140 Fenwal Detection Time: ~NA

190 Femwal Detection Time: NN

Other key times:

ol N_\f

Miscellaneous Notes
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GB Floor (Top View)

GB Floor (Side View)
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F. Leather glove Lo Fagbbil
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment # 2 * 3

Experimental Conditions
>vo_._mn\\

W

Date Experiment Localion Success

Test Conductor Name
Safety Officer Name /
Tapmie Kimbedecs

Quality Assurance va.xzn_._.mn
R End Time

Starl Time

Ignilion Time

Relevant Environmental Conditions
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Sensor Characteristics

Pressure Sensors Serial Num DAQ channel .mrﬁ.:.—onc:u_nm Serial Num _ DAQ channel
1. Make: Dwyer" Model:6488-05 | 4g14118° ] - . AD-= | ‘Make: Omega_ Model e L el
2. Mike: Diwyer. . Model:648B-15 - | +45140887 | iats £1: |5, Make: Oméga Model: Xc20K120€all 4 373012 T2
3, Make: Dwyer Model: 648B-05 -|; 0115016 . |8 Make: oamf Model wﬂoamo@_ i a739.4 ! T3
4. Make: Dwyer Madel: 648B-15. | 4914183 - i aake: Omega. Model: XC20K120Call -~ 3732.8 ABT4
Upm:m_ Timer Serial Num U>D n_.:uzzn_ mn:Em._ Heat Detector Serial Num DAQ channel
1. Make: Thomas - Model: Traceabl \_momﬁmwm_ AT Make: Fenwal- Model: 140 deg. 28021-5 .. DO

2 'Malke: Fenwal - Model: 190 %n. 28021-5 DL
Air Flow meter Serial Num U>D nTw:Sn_ nm_.:n_.mm mnlm_ 2:5 U>D channel
1, Maké: TSI Model:5725 511004 |1 NIA s make: E_aoa,. TModel: S_.a:o% £14273764. ~1.  NIA-

q .,_.Eno. Point nﬂ.é Zomn_ ogmwrouvﬁ. u ._hmﬂwon«h_ ; Z_.>

3. prméo_: nqﬁ_ Zomn_ o_.mmmrouunnw ;_mmmw....mm SUNIA .&

4, Make: FLIR Modal: T640 :.m.mwommm.\.w A NAL
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Glove Installation

Glove/cover installed

LANL ins

“dludzose [ KDL

,\\,

m\ ?ﬁ nw],...\\

Port #

SP@ONmo RN =

P
S

Glove/cover installed

LANL insp

Y

d

T

) e

Port #
13
14
15
18
17
18
19
20
21
22
23
24

Ignition Time:

Breach Time:
140 Fenwal Detection Time:
190 Fenwal Detection Time:
Other key times:

500 deprees at glove (approx) Time:

Miscellaneous Note
@ﬁf@@ #2179
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GB Floor (Top View) GB Floor (Side View)
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D. Mallet J. Q.uzo:.qo::am P ine urin_ . .Lc.r
E. Poly Botile K. Kim wipes a.
F. Leather glove Ly Pl « Shop burly
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment# <~

Experimental Conditions

Test Conduclor Name

Safety Officer Name

T mdnie Epaleigde s
~——

Quality Assurance Rep. Name
R s S T _

Date Experiment Location

Success .

Gl il T 2l

Start Time
Ignition Time
End Time

Relevant Environmental Conditions
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Sensor Characteristics

Pressure Sensors

Serial Num DAQ channel Thermocouples Serial Num DAQ channel

1. Make: Dwyer Model:6488:05' | 4614118-] ~ AD * - |1, Make: Omegs Model ¥C20K1200a] Y v ] POy i, (e
2:Make: Dwyet - Model: 648815 - |- 4514088 |- .~ AT" ", |2 Make: Omégs " Modek: XC20Kiz0ca] - - 37322, T2
3./Make: Dwyer. Model: 648B-05 .| 0115016 | - A2 - 3. Make: Omeéga ' Model: XC20Ki20¢al| 37324 Fas
4:Make: Dwyet :Model:648B-15 | 4814183 | A3 | |4 Make: Ormega. Model XC20K120Cal 3732:8 TR
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num  DAQ channel
1: Z‘wmm".ﬂ.g.ogw.m..‘Zomm_.“.u._..mnnmzﬂ 160274632 wa L. Make: Fenwal Model: 140 deg. | 280215 Do -

2. Make: Fenwal Model: 190 deg. 28021.5 5 | DR
Air Flow meter Serial Num DAQ channel{Cameras Serial Num  DAQ channel
I Make: TSI Model'5725° | 1511004 [ NIA |1 heske Point Grey /Model: Grasstioopér 3 | . 14273764, ]~ NiA -

2:Make: Point Giey Model Graéshopper3 | 14273944 - |- NI .

a. Eurn Point Grav ,‘Zonarwﬂﬁch.nvnn < R .._mwmw_r\.mw oo 2..)

4.Mike FLR ModelToso. | | 55909287 NIA
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Glove Installation

Glove/cover installed

LANL insp

T R IR R e
i .f.\ﬁh\\.\.w_\mh\;_.b._l\

¥

e

XK

Glove/cover installed LANL insp Port #

BiYze go-m o m LR
3

4

5

6

7

8

9

10

; 11

KA 12

Port #
13
14
15
16
17
18
19
20
21

23
24

Time & Description of Critical Events
Ignition Time: /4 .\m.. , Harne vistle
500 degrees at glove (approx) Time: AM/A |, pax Hevep Nmﬁ‘mWWM\

Breach Time: 25/ 5. /fouis. fo
140 Fenwal Detection Time: 226 g \.%?uxmr 1 73 n.v
190 Fenwal Detection Time: /4 )

Other key times:

LY}

RbartHareon

Miscellaneous Notes
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GB Floor (Top View)

GB Floor (Side View)
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Emergency Contact Information:
911 or (675) 835-5555

Glovebox Fire Suppression: Experiment #2025

Experimental Conditions

Test Conductor Name ,Date Experiment Location Success Aborted
DAVO  Ghow) i T 2100 v
Safety Officer Name . !
JAM (e ?\.hi be i, _ Start Time o7
Quality Assurance Rep. Ndme Ignition Time | /%
End Time |/.!%2—

Botn WARSar— |

Relevant Environmental Conditions

mm_¢um
|6 7, RY

e —— e —— e




Sensor Characteristics

Pressure Sensors

Serial Num DAQ channel

Thermocouples

Serial Num

DAQ channel

1. Make: Dwyer  Model: 6483-05 | 4614118 Al 1. Make: Omega  Model: XC20K120Cal 37321 T1
2. Make: Dwyer Model: 6485-15 4514088 A1 2. Make: Omega  Model: XC20K120Cal 3732-2 T2
3. Make: Dwyer Model: 648B-05 | 0115016 A2 3. Make: Omepga  Model: XC20K120Cal 3732-4 T3
4. Make: Dwyer Model: 648B-15 4914183 A3 4. Make: Omega Model: XC20K120Cal 3732-8 T4
Digital Timer Serial Num DAQ channel|Fenwal Heat Detector Serial Num DAQ channel
1. Make: Thomas Model: Traceabl Amomﬂammm_ N/A 1. Make: Fenwal Model: 140 deg. 28021-5 DO

2. Make: Fenwal Model: 190 deg. 28021-5 Dl
Air Flow meter Serial Num DAQ channel|Cameras Serial Num DAQ channel
1. Make: TSI Model: 5725 1511004 NIA 1. Make: Point Grey Model: Grasshopper 3 14273764 NIA

2. Make: Point Grey Model: Grasshopper 3 14273944 N/A

3. Make: Point Grey Model: Grasshopper 3 15383782 NIA

4. Make: FLIR Model: T640 55909287 N/A
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Glove Installation

Glove/cover installed

z LANL insp Port # Glove/cover installed LANL insp Port #
UY 20 30 EDA 1 BU Y20 30 Ko 13
\ 2 o 14
i 3 7 15
2 4 U 16
@f\ﬁm a2 wf covea Iis 5 i w 17
i New W Covet— 1 6 i 18
UY 20 do 7 u 19
0y 8 Y 20
@Y 15182 wWeond Ao N g i [ 21
K New 1w/ cona 1 N/ 10 i !; 22
BVY2n he V 11 BY IS 32 Y/ 23
1" [ 12 7 Bl 24

Time & Description of Critical Events
2\T s .

Ignition Time:

% o
500 degrees at glove (approx) Time: WA, Mak T&r«ﬁ w.w&.

Breach Time: 2ICS.
140 Fenwal Detection Time: 304 & P&:.,.J %93,
190 Fenwal Detection Time: N7 B

Qther key times:

r«mrAv
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Miscellaneous Notes
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GB Floor (Top View)

GB Floor (Side View)
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Emergency Contact Information:
911 or (575) 835-5555

Glovebox Fire Suppression: Experiment %W 36

Experimental Conditions

Test Conductor Name

R vicl Grend l_

Safety Officer Name

Quality Assurance Rep. Name

Bl Hansme |

Relevant Environmental Conditions

dolewt, Mrocele peasly,

Date

Experiment Location

Z
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@oeﬁ Installation

Glove/cover installed

LANL insp Port # Glove/cover installed LANL insp Port #
| FUYzo 3o 2o 1 SUY 030 i 13
& 1 2 i ] 14
: 3 4 | 15
— = 4 “« | 16
Bz ey 5 P 17
foener B 6 P 18
FiY2c30 7 P 19
« 8 & 20
BYIS32 /ey 9 ” o
7 wf et 3 10 &y MM
5 57 11 QY (S32 S
] Nmu = B | 12 2 12 R4 24
Time & Description of Critical Events Miscellaneous Notes ﬁ m
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E Glove Material Heat Exposure Testing

Background

Experiments were designed to determine the response of glovebox golves to a range of thermal
exposure. The overarching goal was to determine what thermal environment could lead to a
breach /rupture of gloves. Instead of performing full-scale tests, a specimen holder was designed to
test 4 in. diameter (100mm) circular coupons. The specimen holder was a sealed system designed to
apply a positive (gage) pressure test specimen. This replicated the negative pressure environment
a glove would be subjected to under normal operating conditions. Any thermal induced softening
of the material would result in the specimen expanding towards the flame/heat source, as would
be the case of an a fire inside the glovebox. A picture of the specimen holder is shown in Figure
51. Glove specimens were clamped in the specimen holder resulting in a sealed chamber, and then
the apparatus pressurized to ~+1 inAq. A port on the specimen holder was connected to ballast
tanks with an approximate volume of 20 gal (40 liters) to minimize temperature-induced changes in
pressure inside the specimen holder. A pressure transducer was connected a port on the specimen
holder to measure pressure during each experimental run. This allowed for temperature-induced
variations in pressure to be quantified. Additionally, ruptures of the glove specimens could be iden-
tified by a drop in pressure to near zero inAq. A thermocouple was placed in contact with the
external side (nearest to heat source) of the glove specimen, and surface temperature was recorded
for the duration of each experiment run. In order to vary the temperature that the specimen was
exposed to, the test specimen was located at different distances from the burner (measured from
the top of the burner to the specimen). Figure 52 shows the variation in temperature with distance
from the top of the heat source (Meker burner). This figure shows that for distances between 2 and
4 inches from the burner, the temperature is approximately 2100 °F and there is little variation in
temperature. As the distance from the burner increases the temperature decreases until it plateaus
at 250 °F at distances greater than 14 inches. The experiment setup is shown in Figure 53(a)
including the Meker burner (lower left), support stand, and specimen holder (upper right) Figure
53(b) shows the burner located beneath the specimen holder during an experiment.

Experiments were conducted on specimens cut from new Hypalon®) gloves of two thicknesses (15
mil and 30 mil). Gloves were placed in the specimen holder and placed at a specified distance (10,
11, 12, or 14 in.) from the burner. At time ¢ = 0 s, the burner was placed under the specimen. The
pressure in the specimen holder was monitored until a drop in pressure corresponding to rupture
was observed. At this point in time the burner was extinguished, removing the external source of
heat. The results of these experiments are presented in the following sections.

Experimental Results
15 mil thickness Hypalon specimen, 10 in. above the burner

Temperature and pressure histories of an experiment on a 15 mil thickness specimen are shown in
Figure 54(a). After the burner is placed under the specimen at t =0 (reference image of the specimen
is shown in (b)) the pressure and specimen surface temperature rise. The surface temperature of
the specimen reached a maximum of 539 °F at 13.3s, the pressure measured 1.07 inAq at that

316



(b)
Figure 51: Side (a) and bottom (b) views of the specimen holder.
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Figure 52: Temperature variation of heat source with distance from the top of the burner.
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Figure 53: Images of Experimental setup showing: (a) specimen holder, test stand, and Meker
burner, (b) experimental components in place during an experiment.
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time. Shortly after this maximum in temperature is reached, the pressure dropped to near zero (t=
14.8s) indicating a rupture of the glove. Figure 54(c) shows an image of the specimen at the time
corresponding to the drop in pressure. Here, we observe a change in color and surface appearance
as bubbles and pinholes formed on the specimen at a corresponding temperature of 519 °F. An
image of the specimen after removal from the specimen holder is shown in Figure 54(d), showing
discoloration, surface bubbling, and residual deformation. The material that shows color change
etc also exhibits reduced materials stiffness as compared with the pristine material. This indicates
that the material is experiencing some heat induced decomposition, which is further supported by
the presence of bubbles on the surface of the specimen.
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Figure 54: Exi)érimental results for a 15 mil thickness specimen at a distance of 10 in. from burner.
(a) Temperature and pressure history, (b) image showing initial state at =0, (¢) image showing
changes in surface appearance (t= 14.8), (d) image of the specimen after removal from the specimen
holder, showing significant changes in the specimen color and shape.

15 mil thickness Hypalon specimen, 11 in. above the burner

Temperature and pressure histories of an experiment on a 15 mil thickness specimen placed 11 inches
above the burner are shown in Figure 55(a). After the burner is placed under the specimen at ¢ =0
(reference image of the specimen is shown in (b)) the pressure and specimen surface temperature
rise. The surface temperature of the specimen reached a maximum of 509 °F at 18.9s, the pressure
measured 1.0 inAq at that time. After this, the temperature remained mostly constant, and bubbles
appeared on the surface of the specimen at 19.8 seconds. A drop in pressure was observed at t= 34.4
s, indicating a rupture of the glove (corresponding temperature was 492 °F). After the specimen
ruptured, a change in surface color and texture (shown in Figure 55(c)) was observed at t=43.7
s. An image of the specimen after removal from the specimen holder is shown in Figure 55(d),
showing discoloration, surface bubbling, and residual deformation. The region of the specimen that
exhibits color change etc also has reduced material stiffness as compared with the pristine material.
This indicates that the material is experiencing some heat induced decomposition, which is further
supported by the presence of bubbles on the surface of the specimen.
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Figure 55: Experimental results for a 15 mil thickness specimen at a distance of 11 in. from burner.
(a) Temperature and pressure history, (b) image showing initial state at ¢t=0, (c) image showing
changes in surface appearance (t= 43.7), (d) image of the specimen after removal from the specimen
holder, showing significant changes in the specimen color and shape.

(d)

15 mil thickness Hypalon specimen, 12 in. above the burner

Temperature and pressure histories of an experiment on a 15 mil thickness specimen placed 12 inches
above the burner are shown in Figure 56(a). After the burner is placed under the specimen at ¢ =0
s the pressure in the specimen holder and specimen surface temperature increase. The surface
temperature of the specimen reached a maximum of 522 °F at t=36.2 s, the pressure measured 1.09
inAq at that time. After this, the temperature began to decrease slowly, and bubbles appeared
on the surface of the specimen at t=35.5 s. The pressure in the specimen holder began to drop at
t= 48.6 s (corresponding temperature was 496 °F), the pressure continued to drop over the next
thirty seconds, indicating a rupture of the specimen. After the specimen ruptured, a change in
surface color and texture were observed, shown in Figure 56(c). An image of the specimen after
removal from the specimen holder is shown in Figure 56(d), showing discoloration, surface bubbling,
and residual deformation. The material that shows color change etc also exhibits reduced material
stiffness as compared with the pristine material. This indicates that the material is experiencing
some heat induced decomposition, which is further supported by the presence of bubbles on the
surface of the specimen.
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Figure 56: Experimental results for a 15 mil thickness specimen at a distance of 12 in from burner.
(a) Temperature and pressure history, (b) image showing initial state at ¢t=0, (c) image showing
changes in surface appearance, (d) image of the specimen after removal from the specimen holder,
showing significant changes in the specimen color and shape.

(c) (d)
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15 mil thickness Hypalon specimen, 14 in. above the burner

Temperature and pressure histories of an experiment on a 15 mil thicknesss specimen placed 14
inches above the burner are shown in Figure 57(a). After the burner is placed under the specimen
at t =0 s the pressure in the specimen holder and specimen surface temperature increase. After the
initial rise the pressure remains nominally constant in the range of 1.0-1.1 inAq, and the temperature
varied slightly in the range of 371-409 °F. Figure 57(b) shows the specimen at t=180 s, just after teh
maximum temperature was reached, indicating no change in surface appearance. The experiment
was terminated at ¢ =~ 200 s, and no loss of pressure was observed. No damage to the specimen
was observed, and the specimen shown by Figure 57(c) appears identical to a pristine sample.
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Figure 57: Experimental results for a 15 mil thickness glove at a distance of 14 in. from burner. (a)
Temperature and Pressure history, (b) image showing lack of change in specimen surface appearance
(t= 180 s), (c) image of the specimen after removal from the specimen holder, showing no changes
in the specimen color and shape.

()

30 mil thickness Hypalon specimen, 10 in. above the burner

Temperature and pressure histories of an experiment on a 30 mil thickness specimen placed 10
inches above the burner are shown in Figure 58(a). Figure 58(b) shows an image of the specimen
as the burner was placed under it at t=0 seconds. The surface temperature reached a maximum
of 622°F at t=20.5 seconds. Charring, bubbling, and bulging of the specimen was observed soon
after the maximum temperature was reached; flame also appeared on the thermocouple at 30.0s
(Figure 58(c)). The specimen caught fire at ¢ = 30.9s as shown in Figure 58(d). The specimen
continued to burn and pressure dropped rapidly at t=34.7s (Figure 58(e)) indicating a rupture of
the specimen. The burner was turned off once breech was detected and the specimen was allowed
to burn on its own until it was extinguished with a puff of air at ¢ =~ 48 s. The specimen suffered
severe deformation, discoloration, and a large hole can be seen in the lower left of Figure 58(f).
Figure 58(g) shows the specimen after removal from the specimen holder, significant charring and
deformation are observed.
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Figure 58: Experimental results for a 30 mil thickness specimen at a distance of 10 in. from burner.
(a) Temperature and Pressure history, (b) an image of the specimen as the burner was placed at
t=0 seconds. (c) image showing charring, bubbling, and bulging of the specimen soon after the
maximum temperature was reached t=30.0s, (d) Image showing that the specimen caught fire at
t=30.9s. (e) Image showing specimen burning at time of rupture (t=34.7s), (f) Image showing
severe discoloration and damage of the specimen (note large hole in lower left) after the specimen
was extinguished at ¢ =~ 48 s. (g) Shows the specimen after removal from the specimen holder,
significant charring and deformation are observed.
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30 mil thickness Hypalon specimen, 11 in. above the burner

The burner was placed under the sample at ¢ = 0 s, at which time the pressure and temperature
began to rise as seen in Figure 59(a). The surface temperature reached a maximum of 557 °F at ¢ =
49.6 seconds with a corresponding pressure of 1.01 inAq. Also at this time, bubbles were seen at the
specimen surface, whecih continued to spread and covered a large portion of the specimen at ¢t =51.9
s (Figure 59(c)). Shortly thereafter, charring and bulging were observed (Figure 59(d)). Despite
significant charring, discoloration, and deformation, the glove specimen did not rupture during the
duration of the experiment (~180 s) as indicated by the nominally constant pressure. Figure 59(e) is
a photograph of the specimen after removal from the specimen holder showing residual deformation
and discoloration. It is worth noting that the areas of the specimen that were exposed to the heat
were less compliant than the original specimen, and had a somewhat brittle feel to them.
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Figure 59: Experimental results for a 30 mil thickness specimen at a distance of 11 in. from burner.
(a) Temperature and pressure history, (b) an image of the specimen as the burner was placed at
t=0 seconds. (c) image showing charring, bubbling, and bulging of the specimen at t= 51.9 s, and
(d) image showing discoloration of the specimen shortly thereafter. (e) Shows the specimen after
removal from the specimen holder, significant charring and deformation are observed.

30 mil thickness Hypalon specimen, 12 in above the burner

The burner was placed under the sample at ¢ = 0 seconds at which time the pressure and temperature
began to rise as seen in Figure 60(a). The pressure remained nominally constant in ranging from
1.01-1.12 inAq for the duration of the experiment (~180 s). Changes in the specimen surface
were noted at t=53.7 s (Figure 60(b)) with a corresponding temperature of 502 °F. A maximum
temperature of 525°F was achieved at t = 84.0 s, and more discoloration and deformation of the
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sample is observed at this time Figure 60(c)). Figure 60(d) is a photograph of the specimen after
removal from the specimen holder showing residual deformation and discoloration.
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Figure 60: Experimental results for a 30 mil thickness specimen at a distance of 12 in. from burner.
(a) Temperature and pressure history, (b) image showing changes in surface appearance (t= 53.7),
(c) image showing further discoloration on the specimen at the time (t=84 s) corresponding to
maximum temperature, (d) image of the specimen after removal from the specimen holder, showing
significant changes in the specimen color and shape.

30 mil thickness Hypalon specimen, 14 in. above the burner

The burner was placed under the specimen at t = 0 s. After an initial increase, there were small
variations of pressure within a range of 1.02-1.08 inAq over the duration of the experiment (~170
s). The maximum temperature reached was 431 °F, and no change in the specimen surface was
observed at this time (Figure 61(b)). Figure 61(c) shows the specimen after removal from the
specimen holder illustrating that the heat exposure resulted in no physical change in the specimen.
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Figure 61: Experimental results for a 30 mil thickness specimen at a distance of 14 in. from
burner. (a) Temperature and pressure history, (b) image showing the specimen surface at the time
corresponding to the maximum temperature, (d) image of the specimen after removal from the
specimen holder, showing no change in specimen appearance.
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Summary

The results of the experiments presented above are summarized in Table 7. Timing of critical
events, such as appearance of bubbles on the specimen surface and rupture are noted. Relevant
temperature and pressure data are also summarized. These results indicate a few critical aspects
of the response of Hypalon glove material when exposed to a high temperature environment. Glove
specimens began to show changes in surface appearance (appearance of bubbles on surface) when
the temperature at the specimen surface was 530 + 32 °F, regardless of specimen thickness. The
bubbles are likely the result of the glove material decomposing and off-gassing. In the case of the
15 mil thickness gloves, specimens ruptured shortly after bubbling was observed. The ruptures are
likely the result the bubbles growing in size, eventually forming pinholes through the thickness of
the specimen. It should be noted that the specimens did not need to ignite in order to cause a
perforation of the specimen. Specimens located 10, 11 and 12 inches from the burner ruptured,
while the specimen located 14 inches from the burner did not rupture; in fact no change in surface
appearance was observed.

The 30 mil thickness specimens exhibited a different post-bubble response with only the specimen
located 10 inches from the burner (i.e. highest surface temperature) resulting in rupture. There
was a longer delay between surface bubbling and rupture than was observed in the 15 mil thickness
specimens. This specimen also ignited before the specimen ruptured. While the 30 mil thickness
specimens located 11 and 12 inches from the burner did show surface bubbling corresponding to
thermal breakdown, neither specimen ruptured. Examination of the specimens after testing revealed
that a slightly hard layer of melted material had formed on the rear of the specimen. This layer
may have acted to seal the rear surface of the specimen by forming a barrier that bubbles could not
penetrate. The specimen located 14 inches from the burner did not rupture, and did not exhibit
any change in surface characteristics.

In general the 30 mil thickness glove materials proved more resistant to thermal-induced rupturing
as compared with the 15 mil thickness glove material. It was shown to be possible to rupture a 15
mil thick glove without igniting the glove, while the only test case that resulted in a rupture of a 30
mil thickness specimen also showed the specimen igniting several seconds before eventual rupture.
Furthermore, it was observed that 30 mil thickness specimens could be exposed to temperatures
high enough to cause decomposition (bubbling), yet not rupture. Thus, it is possible that the 30
mil gloves rupture by burning through the specimen material, while the 15 mil thickness specimens
could be ruptured by small bubbles formed by thermal off-gassing expanding and causing pinholes
through the specimen thickness. We also note that thermal decomposition and the appearance
of surface bubbles was observed in all experiments with a maximum temperature exceeding ~500
°F.. Lastly, we can state that specimens subjected to temperatures below 400 °F experienced no
thermal damage, staying below this threshold should prevent damage and potential rupture of either
thickness glove materials.
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Specimen Heat Source Surface Pressure Bubble Rupture
Temp.

Test Thickness || Distance | Duration Max Initial Max Final Temp | Time || Temp | Time

ID (mil) (in.) (s) (°F) (inAq) | (inAq) | (inAq) || (°F) () CF) | (s)
HY1510-04 15 10 18.8 540 0.88 1.07 0.06 517 12.2 519 16.4
HY1511-01 15 11 51.9 509 0.82 0.99 0.05 508 19.8 492 46.2
HY1512-01 15 12 79.7 522 0.089 1.1 0.14 518 35.5 496 52.5
HY1514-01 15 14 100.3 411 0.88 1.08 1.06 No No No No
HY3010-03 30 10 38.5 621 0.91 1.19 0.02 583 18.5 1.15 35.9
HY3011-01 30 11 186.3 557 0.83 1.07 1.04 557 49.8 No No
HY3012-01 30 12 184.6 525 0.87 1.23 1.1 502 53.7 No No
HY3014-01 30 14 170.9 431 0.89 1.08 1.06 No No No No

Table 7: Summary of glove material heat exposure tests
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F Glovebox Combustible Materials Testing

Introduction

LANL has provided a list of combustible items routinely found in gloveboxes. These items include:
wood-handled mallet, screwdrivers, cheesecloth, wash bottles, horsehair brush, wooden push rod,
lab wipes, leather gloves, sandpaper, and cleaning spray. Each of these items will have different
autoignition temperatures, flashpoints, and combustion temperatures depending on the materials of
which they are made. For some of the constituent materials, such as polypropylene and cotton, these
temperature data are readily available in the open literature. However, for other materials, such as
cowhide, the temperature data is not readily available. Thus it was decided to conduct a series of
experiments to determine the ignition and combustion temperatures of the items/materials listed
above. In all cases, it is expected that combustion temperatures will depend not only on parameters
intrinsic to a material, but also a particular objects form as well as environmental conditions.

Terminology

1. Flash Point: The flash point is the lowest temperature at which enough vapor forms above
a combustible substance and to ignite in air when exposed to an ignition source (Merriam-
Webster.com). Solid fuels ignite when they are melted and vaporized or when they undergo
heat decomposition into vapors [4]. The fire point is the point where enough of the substance
has pyrolyzed to sustain a flame for at least 5 seconds; generally, the fire point is assumed to
be 50 °F above the flash point [9].

2. Auto-ignition Temperature: The auto-ignition temperature is the lowest temperature at which
a combustible substance when heated takes fire in air without an ignition source, such as a
flame, and continues to burn (Merriam-Webster.com).

3. Combustion Temperature: The combustion temperature is the temperature at which an object
burns. The rate of energy release from a fuel depends on the mass of the object, the surface
area of the object, and the availability of oxygen [8].

Experimental Methods

For each experiment, the test article was attached to a frame in a fume hood at a fixed distance of
3”7above a natural gas Meker burner (Fig. 1). An IR (FLIR T640) and a grayscale camera (Point
Grey, Grasshopper 3) were positioned to record each trial. A total of three K-type thermocouples
were used to measure the temperature at the underside of the test article (exposed to flame) and
above the test article (individual thermocouples located 1.5” and 2.5” above the upper surface).
The burner was ignited and placed under the test article of interest. If the test article ignited, the
temperature at the time of ignition was recorded as the “Flash point temperature”. After the test
article was sufficiently involved in flame, the burner was removed and test articles were allowed
to burn until they either self-extinguished or reached an apparent steady-state of self-sustained
combustion, after which time they were manually extinguished.

327



Results

The data collected from literature and experimentation are presented in Table 8. In some cases, test
articles ignited very rapidly, with ignition temperatures being measured at under 200 °F. It should
be noted that ignition was so rapid that this measurement may under-predict the actual ignition
temperature given the non-zero response time of the instrument. Other materials were very slow
to ignite. Combustion temperatures were equally widely spread.

Of particular note for the full scale experiments are objects which do not self-extinguish and/or
burn at >500 °F. These materials present the most likely threat to glove integrity. With this in
mind, the following categories can be assembled from these experiments:

1. Ttems/materials that burned > 500 °F:

e Cotton
Leather
Polypropylene

Sandpaper

Spray Cleaner bottle
e Black, red, and yellow mallet heads

2. Combustibles that ignited quickly:

e Cotton
e Horsehair

e Sandpaper

A few additional noteworthy observations were that: 1) Polypropylene had the most consistent
flame, 2) Some materials (e.g. sandpaper and cheesecloth) burned up quickly seeming to produce
much heat, 3) Some materials tended to self-extinguish (e.g. mallet handles and black rubber mallet
head), 4) The cleaning spray would not ignite while full
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From References Tested
Auto-ignition | Flash Point °F Flash Point | Combust. Temp.
Material Temp. (°F) Temp. ( °F) Temp. (°F) Temp. (°F)

Cotton [2] 765 392 166 906
Horsehair unknown unknown 159 381
Leather unknown unknown 1748 723
Polypropylene rod [7] 730 500 1051 981
Sandpaper unknown unknown 261 1000
Spray Bottle (w/ solution) unknown unknown Did not ignite N/A
Spray Bottle (empty) unknown unknown 400 1554

Black mallet head unknown unknown 705 400-600
Red mallet head unknown unknown 367 750
Yellow mallet head unknown unknown 383 800

Wood [1], [3] 572-662 428-500 285 400-500

Table 8: Summary of ignition/combustion temperature data.

[5] MSDS CAS No. unknown; Redwood Plastics Corporation: Woodland, Washington, USA, Octo-
ber 2006. Web. 23 May 2016. http://web.mit.edu/rocketteam/www/usli/MSDS/Polycarbonate.
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uary 2009. Web. 18 May 2016. https://www.iocl.com/products/Polypropylene(Comopolymer)
.pdf (accesed05-18-16)
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G Comprehensive Post-Mortem Photography
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Figure 89: Condition 02 Trial 3. The Fantastik bottle and cheesecloth contributed to the burning of gloves.
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Figure 144: Condition 06 Trial 2. A small fire did little damage.
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Figure 146: Condition 06 Trial 3. A small fire did little damage.
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Figure 148: Condition 07 Trial 1. No consumables appear burned.
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Figure 150: Condition 07 Trial 2. Consumables sustained very little damage.
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Cond10_T1

Figure 192: Condition 10 Trial 1. The contents of the fire resistant container did not burn. Tygon tubing burned but the fire remained

isolated.
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Instrumentation / Setup

Figure 1. Glovebox configuration in bunker.

: 8" Square Inlet Filter
: Ignition Junction Box
: 8" Circular Exhaust Filter

: Heat Dcetectors

: Fire Supression System

7: Pressure Sensors
8: Thermocouples
9: Velocicale Anemometer
rai: Greyscale Digital Cameras
[C@J: Infrared Camera

: Stacked Exhaust Fans

A. Ignition Bag
B. Sand Paper
C. Screwdriver
D. Mallet

E. Poly Bottle

F. Leather Glove

G. Push Rod i § Wire Mesh Basket

H. Horsehair Brush Steel Container (Closed)
I. Scale Cord Igniter Coils

J. Cotton Rounds

K. Kim Wipes

L. Fantastik Cleaner

Glovebox Combustion Experiments

Krishan Bhakta, Jakub Mroczkowski, John Paul Norman,
Dan L. Puckett, Maria Ruiz, Christopher Schmittle, Jamie Kimberley and David Grow
New Mexico Tech, Department of Mechanical Engineering

Objective

Experiments were conducted to investigate how
glovebox (GB) fires involving common GB contents
can result in a GB breach through glove loss.
Various quantitative measures were made to
generate data for use in fire hazards evaluations
(FHEs) and/or for determining when to require a
fire suppression system to be installed within a GB.

fire scenarios.

of 2 inAq.

P

NEW MEXICO TECH

SCIENCE  ENGINEERING - RESEARCH - UNIVERSITY
ROBOTIC INTERFACES LAB
DYNAMIC DEFORMATION & FAILURE LAB

Methodology
Each trial involved consumables arranged on the GB floor to target various
Before each trial, the exhaust fan speed was adjusted to reach a GB vacuum
Remote fire ignition (nichrome heater coils), fire monitoring, and data

collection were facilitated in a bunker adjacent to the GB.
Pressure, temperature, and air-flow data were collected during the

experiment, along with visible and infrared camera imaging.

400 0.2 p 45
Low d ”Nﬂ
2 ' - 40
350 AN Midt 1 0 ‘ %
i —— High ' lss
300 bl Amb 02 L"/
fry B 140°F s v
s Ly 1wr | 5| 1=
~ 250 - | (< 54 -
2 |1 3lE” - %
= [t = Exh Filter o
© 200 - IR al® s GBPress {20 =
g- { ‘l‘ § 3 - —Flaw g
£ 150 ] o 08 o
@ Iy 2 (s
= I = a 10
100 y = \
| ! 1
4‘ b -0 ’
sa°
I 12 b
& 200 400 5 D 100! 1204 -14 : ' o
] 200 00 00 00 0on 1200 0 200 400 BOD 8O0 1000 1200
Time (s) Time (s)

Figure 3. Representative dataset of quantitative measurements captured

Various arrangements of common GB contents could contribute to a fire substantial enough to breach in a glove.

Depending on the stored state of the glove, breach could result in either partial or essentially complete loss of GB
vacuum (Figure 3).

A total of 31 successful trials were run.

Glove breaches occurred in 14+ trials, often more than one glove was breached in a single trial.

Heat detectors were sensitive to only a subset of these 14 trials (140 degree unit responded to 9 trials, the 190 unit
to 2 trials). The detector would sometimes, but not usually precede the breach.

Glove breach was shown to potentially accelerate combustion due to increased, localized air flow (Figure 4).

Hypalon gloves added significantly to an existing fire, being extensively consumed in some cases.

All fires eventually self extinguished (up to 22 minutes).

The fire was not observed to spread to other piles of combustibles, when separated from other combustibles by a
foot or so, even though the piles may have included flammable liquid soak materials in open bags.

Other readily igniting consumables included laboratory wipes, polypropylene bottles, and horsehair brushes.

Mallet head, leather gloves, scale cord, all-purpose cleaner, and screwdriver typically did not participate significantly
in the fire.

Distance of consumables from the fire and containment played a major role in determining their participation.

Figure 4. Fire before & after breach.
External oxygen flow through the breach

simultaneously strengthened the fire,

leading to a more rapid consumption of
the breached glove.

Figure 5. Typical state of GB contents
after fire. Damage is localized and extent
of combustion varies.
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Introduction

Hypalon gloves are part of the confinement barrier to
protect personnel for exposure to radioactive

contamination and exposure.

Tests were performed to evaluate the integrity of the
gloves under heat exposure to understand their response
to a potential fire within a GB.

New Mexico Tech, Department of Mechanical Engineering

Results

The figures below show representative results for 15 mil and 30 mil specimens placed 10” (Fig. 2 & 4) and 11” above the
burner (Fig. 3 & 5). Key findings include:

15 mil and 30 mil specimens breached when exposed to temperatures over 500 and 600 F, respectively.

30 mil gloves were not only more durable but even able to temporarily withstand combustion before breach.

Failure process: specimens began to blister/bubble on the surface, followed by charring, and in some instances igniting.
No damage or color change were observed on specimens of either thickness at 14” above the burner (approx. 400 F).

Experimental Setup I "

)l

Figure 1. Support Stand & Pressure Vessel.

Methods

4 in. diameter circular specimens were cut from 15 mil thickness
(HY15) and 30 mil thickness (HY30) Hypalon gloves.

Specimens were loaded into the test apparatus and pressurized
to approximately +1 inAq to simulate negative pressure in a
sealed glovebox.

Tests were performed at heights of 10”, 11”7, 12”, and 14” to
provide a target range of temperatures at the surface of the
specimen.

A NIST traceable pressure transducer and thermocouple were
used to monitor the pressure in the vessel and glove
temperature.

Images of the specimen were recorded during the experiment to
evaluate qualitative changes in the specimen during exposure to
flame.
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Figure 2: a) Pressure and temperature history of a 15
mil Hypalon specimen placed 10” above the burner;
b) relatively uniform change in color, bubbling, and
pinholes present on specimen’s surface before
breach; c) specimen deformed and changed color
during flame exposure.
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Figure 4: a) Pressure and temperature history of a 30
mil Hypalon glove 10” above the burner; b) ignition
on specimen’s surface before breach; c) large hole,
extensive embrittlement and charring, and bulging
evident on specimen during flame exposure.
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Figure 3: a) Pressure and temperature history of a 15
mil Hypalon glove 11” above the burner; b) bubbling
and pinholes present on specimen’s surface before
breach; c) specimen deformed and changed color
during flame exposure.
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Figure 5: b) Pressure and temperature history of a 30
mil Hypalon glove 11” above the burner; b)
transformation in color and bubbling on specimen, no
breach; c) pronounced deformation and charring
during flame exposure.
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