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1.0 INTRODUCTION

This document contains high current, arc entry test results of gas, Corrugated
Stainless Steel Tubing (CSST) samples manufactured by Titeflex Inc. (®a s t produet)
and tests on standard black iron pipe. Tests were performed in accordance with the
lightning test procedures contained in LC1027 fPMG Listing Criteria for Conductive
Jacketed Corrugated Stainless Steel Tubingo (Reference 1) a nd L C PNQ@ ldsting
Criteria for Conductive Jacketed Corrugated Stainless Steel Tubingd ( Ref er ence
Two of the tests (Test Nos. 9 and 18) performed on the CSST gas piping samples
included the piping filled with propane gas, one of which (Test No. 18) included a strike
to a pressurized liquid propane gas pipe.

The tests were performed by D. A. DeBlois, S. M. Baker, and T. P. Zeik of
Lightning Technologies in Pittsfield, MA on 1 and 2 April 2013. The tests were
witnessed by M. Goodson from Goodson Engineering, M. Wolf from Lyon & Associates,
P.C, S. Carpenter from Carpenter & Schumacher, P.C and Dr. T. Eager of Materials
and Engineering Group, LLC/Massachusetts Institute of Technology. The actual current
discharges to the CSST and black iron pipe were photographed by Inertia Unlimited,
Inc. of Jacksonville, VT using a digital camera setup capable of up to 100,000 frames
per second, separately contracted by Lyon & Associates, P.C. for the purpose of
documenting the tests. The test results contained in this report relate only to the test
items/part numbers tested.

2.0 TEST SUMMARY

The arc entry, high current tests were performed in accordance with Section
4. 3.2.2 AArcing Re s i of tL@1O2Y eand Seéxtion elc t3 . Erfifge dit s O
Resistanceo of LC1024. The applied current components were as defined in Section
42.1 of LC1027f or t he ODirect Ef fectd teshothbwithnd per
varying amplitudes to adjust the amount of total electrical charge delivered to the test
article.

Two O6direct effectsb6 tests were perfor med
pipe without propane, using the Current Components 1, 2 and 3 of Section 4.2.2 of
LC1027, with two different amounts of charge deposited, 38.5 and 267.1 Coulombs.
Both tests resulted in localized surface melting of the iron at the arc entry area but with
no punctures or burn-through of the pipe sidewall observed.

Two Odirect ef fect sd 1tmetetlong, e 0 e rzfear nGeSd
samples with the non-conductive jacketing but with di f f er encesguinct uhengo
method used for the insulating jacket. The CSST sample tested with a small puncture
of the insulating, non-conductive jacket had approximately 2.3x the damage area to the
gas pipe sidewall verses the CSST sample similarly tested but with a large section of
the jacket removed at the arc entry location.
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A single o0direct efCureenttCseniponénelsat 32.4 pAppeaki ng on
with 2.86 Coulombs of chargetoanon-conducti ve | acketTesample 0. 50 <
resulted in no visible burn through of the pipe sidewall. This test was performed with

propane gas filling the pipe section volume. No flame from ignition of propane was

observed.

A single o6direct effectsd6 tmbsdfchargegdayi ng a
condudtaskegovardd jacketed, 0.50 sized CSST sa
to the jacket. The jacket was not cut back to observe the condition of the pipe sidewall.

This test was performed without propane gas.

The remainingt est s utAidd¢izreg R dastssttpaohSedidn 4.3.2.2
of LC1024, with all but one test performed without a propane gas supply connected to a
plugged CSST pipe section. Four tests were performed on 1
CSST, non-conductive jacketed sections with progressively lower levels of total
deposited charge, from 3.62 Coulombs to 0.76 Coulombs. All four CSST samples had
pipe sidewall burn-through holes at the arc entry locations, ranging in size from
approximately 0.0625 inches to 0.03125 inches in diameter, with the larger holes due to
the higher charge transfers. A si ngl e, 1 meter | oncgnductvte 00 s
jacketed sample was also tested with a total of 4.69 Coulombs of charge deposited,
resulting in a <0.5 inch diameter hole in the pipe sidewall.

The final test performed was an arc entry discharge per Section 4.3.2.2 of

LC1024 to a 1 meter | on g-conductivejadketingwithetlie ga&8S ST wii
pipe pressurized by a liquid propane (LP) tank, one end of the gas pipe plugged with a
short brass fitting attached to a shut-off ball valve. An acrylic three sided enclosure of
approximately 120x #A40 di mewasplaced evertop of the arc entry test location.
A current transient of 25us x 2800us waveshape at 1.22 kA and 4.72 Coulombs was
discharged to the CSST at a pre-punctured location in insulating jacket. The test result
was a puncture of the gas pipe sidewall along with ignition and continued burning of the
propane gas until the LP tank supply was turned off. Specific high current test results
can be found in Section 6.2 of this Report

3.0 TEST ARTICLES

The test articles consisted of 1 meter long Corrugated Stainless Steel Tubing
(CSST) made of ASTM A240 type 304 Stainless Steel with a nominal wall thickness of
0.0100 and cover eandwetiveé Rolyethyldnéd jacketing or a conductive,
proprietary 6 F |1 a s h paketingd @he CSST types tested were either of t he 1. 00,
0.760 0.50 fEacthngSSiTzeest sample had the app
C360 brass fitting installed on both ends. The CSST gas tubing test articles were
approximately one meter in length. Additionally, a 0. 76 met er |l ong secti
black iron pipe (BIP) was tested.

All CSST test samples were manuf actured byGa$i prediech.ex | nc
M. Goodson prepared the CSST test samples by connecting the various end fittings.
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40 APPLICABLE DOCUMENTS
Referencel | CC Evaluati on Ser RMGclLesting Critea.for L C1 0 2 7
Conductive Jacket ed Corrugat,ed St
September 2010
Reference2 | CC Evaluati on Ser RMGclLesting Critea.for L C1 0 2 4
Conductive Jacketed Corrugated St ai nl ess Sitrewigetl Tubi n
April 2010
Reference3 | SO/ 1 EC 17025: 2005, AGener al Requi r ¢
of Testing and Calibration Laborator
Reference 4 ANSI/NCSL Z540-1-1 9 9 4, AnCalibration Labo
Measuring and Test Equipment-Ge ner a | Requirementso
5.0 HIGH CURRENT CALIBRATIONS
5.1 Test Measurement Equipment

All measurement equipment furnished by Lightning Technologies is calibrated by a
commercial calibration agency in accordance with the requirements of the second edition
of ISO/IEC 17025:2005 (Reference 3) and/or ANSI/NCSL Z540-1-1994 (Reference 4)
using standards traceable to the National Institute of Standards and Technology. Table 1
lists the test measurement equipment used for the high current, arc entry tests.

Table 117 High Current Test Measurement Equipment

. Serial Calibration | Calibration
Manufacturer Equipment Model No. NO. Date Due Date
T&M Current Viewing W-2-01-4S | 8303-10 25 0ct 12 25 0Oct 13
Research | ShuntResistor | r 16504 | 0410-28 | 250ct12 | 250Oct13
118521 5 Feb 13 5 Feb 13
1423
099639 11 Dec 12 11 Dec 13
Current Probe
Pearson 4160 080860 16 Jul 12 16 Jul 13
3525 080334 16 Oct 12 16 Oct 13
Attenuator A5 106787 18 Jun 12 18 Jun 13
TDS3034B | C010791 11 Jan 13 11 Jan 14
Tektronix Digital Storage | 1yoa0358 | B015906 | 28 Jun12 | 28 Jun 13
Oscilloscope
TDS3032B | B010832 | 30 May 12 30 May 13
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5.2 Ambient Test Conditions

The high current tests were performed with the following ambient conditions, as
shown in Table 2.

Table 27 Ambient Test Conditions

Temperature Relative Barometric

Test Sample (°%/°F) Humidity Pressure
(%) (kPa/in. Hg)
1 April 2013 16/60.8 36 98.88/29.20
2 April 2013 18.89/66 16 98.04/28.95

6.0 HIGH CURRENT, ARC ENTRY TESTING

The high current, arc entry testing was performed in accordance with either
Section 4.3.2.2 of LC1027, AArcing Resi
LC1024, i Ar c i nDisciRmges iofghte aurrenttransients were photographed
by Inertia Unlimited, Inc. of Jacksonville, VT. These images are not included in this
Report. Two tests were performed with the CSST section of gas piping filled with
propane (LTI Test Nos. 9 and 18). Test No. 18 was conducted with the CSST section of
gas piping pressurized as well.

6.1 High Current, Arc Entry Test Setups

The high current, arc entry tests were performed using two different test setup
arrangements, one set of tests using the A" Ar ci ng Resistance,

r
described in Section 4.3.2.2 of LC1027 and the other set of tests per t he A Ar ci n
Resistanceo tests from Section 4.3.2.1 of LC

The first tests performed on the Titeflex, Gastite CSST test samples as well as
onasectionof0.750 sized black iron pipe were t
This setup involves orienting the test pipe sample vertically, with one end of the pipe
connected to the output of the current transient generator. The pipe is then positioned
such that one side is within 0.125 inches from the edge of a 0.25 inch thick grounded
plate electrod e , which serves as the tr anFBhe anis
then established between the pipe and the edge of the grounded plate, with the other
three sides of the -pondquaiveSupmrtsespared ione inehifronh
the pipe surface. This test procedure only requires that one end of the CSST test

stance

Di e
g
1

he ar

gener

non

sample be terminated with .t Rgure inghowsfaabasicur er 6 s

cartoon of this test arrangement, with Figure 2 showing a photograph of the calibration
setup. Figure 3 shows a photograph of the test setup using the black iron pipe sample
and typical setups for the conductive and non-conductive jacketed CSST gas pipe
samples are shown in Figures 4 and 5, respectively. Figure 6 shows the single CSST
test performed with the gas pipe volume filled with propane gas. Figure 7 shows the
single CSST test conducted with the gas pipe volume filled with propane gas, and
pressurized.
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Conductive Jacketed
CSST

Figure4i Phot ograph of Typical Setup for LC1027 i
Tests, Conductive Jacketed CSST Test Sample

Non- Conductive
__Jacketed

&

~

Figure 5T Phot ograph of Typical Setup for LC1027 n
Tests, Non-Conductive Jacketed CSST Test Samples
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.50 -(Bboductil\/e
Jacketed CSST

Figure6T1 Phot ograph of Typical Setup for LC1027 i
Tests, Non-Conductive Jacketed CSST Test Sample using Propane Gas
(Not Pressurized)

The second round of tests performed on the Titeflex, Gastite CSST test samples
were the darc resi st anc.eThissempitvelvesdseppactingtiee d i n
CSST gas pipe sample with non-conductive supports horizontally above a large flat
copper ground plane, which served as the transient generator current return. One end
of the gas pipe was connected to this ground plane via a piece of nickel coated copper
braid, the other end left open circuit, and the output of the current transient generator
connected t o a 0.250 d i apositioreed fo within canh least o d el
0.25 inches of the CSST sidewall. The arc is then established between the pipe and the
electrode, with ionization of thisgap helpedby an 6i ni t i atugefigamenti r e 6,
(~38 AWG) wrapped around the electofthe@mc and p
entry location of the pipe sidewall. The free end of this initiating wire was set just above
t he -Ppyprmreet ur e 6 bk moon-eohductive jadkeat of thenCSST test sample. Figure
7 shows a basic cartoon of this test arrangement, with Figure 8 showing a photograph
of a typical setup for the non-conductive jacketed CSST gas pipe tests. Figure 9 shows
aclose-up of therod elect r ode and i nitiating wire arrangeée
Resistanced tests.
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Steel Rod __
Electrode ‘
ifPrPeunct ul
Area of CSST

Initiating

+. T2 0109 114N d04

/

Figure9T1 Phot ograph of Typical Setup for LC1024
Non-Conductive Jacketed CSST Test Samples

A derivative of tes$tefaClB24 was Rezfames bnaones .60 0
sized CSST sample using an aluminum frame lattice in lieu of a rod electrode. This
setup involves supporting the CSST gas pipe sample with non-conductive supports
vertically above a large flat copper ground plane, which served as the transient
generator current return. One end of the gas pipe was connected to this ground plane
via a piece of nickel coated copper braid, the other end left open circuit. The aluminum
frame was connected to the output of the current transient generator and the CSST test
article routed through cutouts in the frame, with a CSST to sidewall separation distance
of approximately 0.125 inches. Figures 10 and 11 show photographs from this test
arrangement, with the non-c onduct i ve | ac k et-pubctuieddbgt a painmi | ar |
directly opposite the frame cutout.
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Aluminum

10
Section

-~

Figure 10T Phot ograph of Modified Setup of LC1024
Aluminum Frame to Non-Conductive Jacketed CSST Gap

Figure 1117 Photograph of Modifed Set up of LC1024 AArcing Res
Aluminum Frame to Non-Conductive Jacketed CSST Gap
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The final test performed on the Titeflex CS ST t est sampl es per th
Resistanwaé bastsally the same a &eedCSSTbed ab

gas pipe sample supported horizontally above a large flat copper ground plane, which
served as the transient generator current return. One end of the gas pipe was
connected to this ground plane via a piece of nickel coated copper braid, this same end
being fitted with a shut off stop cock valve to plug this end of the CSST gas pipe. The
other electrically open circuit end of the CSST gas pipe was connected to and
pressurized by a 15 Ib LP tank via a long section of plastic tubing which had an in-line
ball shutoff valve (open) and the tank regulator open. The output of the current
transient generator was again connected to a 0.250 di
positioned to within at least 0.25 inches of the CSST sidewall. The arc is then
established between the pipe and the electrode, with ionization of this gap helped by an
0i nitiati ng ugeifilaneedt,(~38aAWEG) wiappedyamound the electrode and
positioned t ooftheiatc lentry loc@tionlo® thedpipe sidewall. An Acrylic,
three sided enclosure was positioned around the electrode and arc entry area to re-
create a loosely confined condition. Figure 12 shows a basic cartoon of this test
arrangement, with Figures 13 through 15 showing details of this setup. Figure 16
shows a photograph of the Lyon Associates supplied LP tank and regulator.

ift) Impulse
~25us x 2B800us

Digital 5torage
Dscilloscope

CSST Test

Sample
l | Cock Stop

0.25" dia. electrode

fiel

1
1
1
1=
1
1
:
/ﬂ r,.f 'l".| M
i =——Acrylic enclosure
—
1
1

oy

g
= 20

/~2000 Pl asti

M ,I'ID‘ tEﬂk
ball valve Regulator ball walve

Figure 127 Gener al Setup Diagram for LC1024

using Pressurized Propane Gas

ameter

iAr c
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Figure 131 Phot ograph of Setup for LC1024 AArci
using Pressurized Propane Gas
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Figure 151 Photograph of ElectrodetoCSSTSet up for LC1024 AArcing
Test using Pressurized Propane Gas

LP Tank

Figurel6i Phot ograph of LP Tank Source for LC102.
using Pressurized Propane Gas
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6.2 High Current, Arc Entry Test Results

In general, both the waveshape and magnitude of the applied current transients
deposited to the CSST test samples via an electric arc discharge determined whether
sufficient energy was transferred to cause a melting of the pipe sidewall. This was
observed in transient currents of longer duration but of lower peak amplitudes causing
wall burn through verses shorter duration, higher amplitude transient currents not
causing a melt through of the pipe sidewalls. Table 3 summarizes all of the high
current, arc entry tests. Appendix A contains all of the recorded oscillographs of the
applied current transients.

Two 6direct effectsd dinglesd76 metee sectionmfebladko r me d
iron pipe (BIP), using Current Components 1, 2, and 3 of Section 4.2.2 of LC1027, with
the second test having a modified Current Component 3 delivering 254 Coulombs of
charge in lieu of the 26 Coulombs. Both tests resulted in localized surface melting of
the iron at the arc entry area but with no punctures or burn-through of the pipe sidewall
noted. The tests performed to the black iron pipe test sample did not use propane.
Figure 17 shows the result of Test No. 4, with 38.5 Coulombs of total charge deposited
to the arc location on the BIP via all three Current Components 1, 2 and 3, each having
peak currents of 33.2 kA, 3.9 kA and 562 Amperes average current, respectively. This
resulted in a surface melted area of approximately 0.28 inches in diameter. Figure 18
shows the result of Test No. 5, with 267.1 Coulombs of total charge deposited to the arc
location on the BIP via all three Current Components 1, 2 and modified 3, each having
peak currents of 33.2 kA, 3.9 kA and 550 Amperes average current, respectively. This
resulted in a surface melted area of approximately 0.47 inches in diameter.

Figure 17 1 Post-Test Photograph of Arc Discharge Area on Black Iron Pipe Section,
38.5 Coulombs Total (Test No. 4)
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Figure 18 1 Post-Test Photograph of Arc Discharge Area on Black Iron Pipe Section,
267.1 Coulombs Total (Test No. 5)

Two Odirect effectsd tests were performed
samples with nonconducti ve jacketing but -pvunn &t udriifnfgebr
method used for the insulating jacket. One sampl ex hlh.d5@& rleéect angul ar
cut out of the jacket to expose the CSST metal sidewall, with the other sample having
only a pin head sized hole puncture in the jacket opposite the grounded plate electrode.

The results observed were a larger burn-through hole in the CSST sample which had

the pin hole sized pre-puncture (Test No. 8), with approximately a 0.3750 di amet er ho
in the gas pipe sidewall as compared to a 0 . 2dkameter hole in the large jacket cutout

setup (Test No. 6), both tests having comparable total amounts of charge delivered

(41.2 Coulombs and 38.8 Coulombs, respectively). The CSST test sample discharged

to the small puncture in the jacket also had visible damage to the pipe sidewall on the

side opposite of the arc entry location. Figure 19 shows the post-test results of Test No.

6 (large jacket 62@ shoves ahe Pojst-teat phibtogFaphgofi thee CSST

from Test No. 8 (small, pin head sized jacket puncture).

S s A A e WRemea R m

Figure 1971 Post-TestPh ot ograph of Arc Discharge Area
38.8 Coulombs Total (Test No. 6)
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Figure 2017 Post-TestPh ot ogr aph

of

Arc Discharge

Ar e a

41.2 Coulombs Total (Test No. 8)

A

single

o0di

rect

e f QureenttCeniponéne Isat 32.4 pAppeak i n g

with 2.86 Coulombs of chargetoanon-conduct i ve
resulted in no visible burn through of the pipe sidewall.

jacketed,
This test was performed with

0.

50

on
S

propane gas filling the pipe section volume.

No flame from the arc discharge was

observed. Figure 21 shows the post-test results from Test No. 9, with only the Current

Componentl of LC1027

odi
the CSST insulating jacket.

rect ef f e-puncduted locatiomirg d i

s c |
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Same Area, Now with
Jacket Cut Back for Clarity

Figure 2171 Post-TestPh ot ograph of Arc Discharge Area
2.86 Coulombs Total (Test No. 9)

A sinmddlrecd eff ect stotal of dX9 Coomips|ofychargg to a
condudtaskegovardd jacketed, 0.50 sized CSST sa
to the jacket at the arc entry area. The jacket was not cut back to observe the condition
of the pipe sidewall. This test was performed without using propane gas in the CSST
section. Figure 22 shows the post-test results from Test No. 7, with all three current
components of LC1027 iscdargedeta & nonairfalf(reom-gusciiredp e i ng ¢
location of the CSST conductive jacket.

Figure 221 Post-TestPhot ograph of Arc Discharge Area
Conductive Jacket, 42.9 Coulombs Total (Test No. 7)
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The remaining tests wtfinlcieded etslhe seAuepi md R
of LC1024, using a current transient approximately 25 ps x 2,800 pys in waveshape.
This waveform, at a peak current level of 1.2 kA would deliver 4.5 Coulombs of charge
within 2 milliseconds, per Figure 1 of LC1024. The first four tests were performed on
1 meter long, non-conductive jacketed, 0. 50 si zed CSST sections W
lower levels of total charge being deposited. The charge delivered varied from
3.91 Coulombs to 0.76 Coulombs, with all four tests resulting in burn-through of the pipe
sidewalls. The resulting holes sizes melted in the sidewalls at the arc entry locations
ranged in size from approximately 0.0625 inches to 0.03125 inches in diameter, with the
larger hole due to the higher charge transfer. All four of these tests (Test Nos. 12 ~ 15)
were performed without anpyunpcrtoupraende pg ans ,h euasdi nsgi
the insulating jacket of the CSST gas pipe at the arc entry locations. A single CSST test
article was used for all four tests. Figures 23 through 26 show the post-test
photographs from Test Nos. 12 ~ 15, respectively.

Figure 231 Post-TestPh ot ograph of Arc Discharge Area
Non-Conductive Jacket, 3.62 Coulombs Total (Test No. 12)
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Figure 241 Post-TestPh ot ograph of Arc Discharge Area
Non-Conductive Jacket, 1.96 Coulombs Total (Test No. 13)

Figure 2571 Post-TestPh ot ogr aph of Arc Discharge Area
Non-Conductive Jacket, 0.77 Coulombs Total (Test No. 14)
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Figure 26 1 Post-TestPh ot ogr aph of Arc Discharge Area
Non-Conductive Jacket, 0.76 Coulombs Total (Test No. 15)

A single, 1 meter long, non-conductive jacketed, 1. 00 si zed CSST, sarfl
also tested using a steel frame, with the CSST test sample being routed through the
frame lattice. The CSST test article had a 1/80 air ga
of the steel frame, the frame being connected to the transient generator output and one
end of the CSST test sample grounded to the current return of the generator. A total of
4.69 Coulombs of charge was deposited from a 25 ps x 2,800 us current transient at
1.22 kA peak, resulting in a 0.25 inch diameter hole in the pipe sidewall. This test (Test
No.1l7) was al so performed without upumgt wmegd ppic
head sized hole in the insulating jacket of the CSST gas pipe at the arc entry location.
Figure 27 shows the post-test photograph from Test No. 17.
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Figure 27 1 Post-Test Photograph of Arc Discharge Areaon1.00 si zed CSST,

Non-Conductive Jacket, 4.69 Coulombs Total (Test No. 17)

The final test performed was an arc entry discharge per Section 4.3.2.2 of
LC1024 to a 1 meter long, non-conductive jacketed,0 . 750 si zed CSST
pressurized by a remote liquid propane (LP) tank, one end of the gas pipe plugged with
a short brass fitting attached to a shut-off ball valve. An acrylic, three sided enclosure
approxi mat &b gasdlaced overtop of the arc entry test location. The test
result was a puncture of the gas pipe sidewall along with an ignition of the exhausting
propane gas and continued burning of the gas until the LP tank supply was turned off.
Total charge deposited by the 25 ps x 2,800 us current transient at 1.22 kA peak was
4.72 Coulombs. Figure 28 shows the post-test photograph from Test No. 18. Figure 29
shows the applied transient current waveform with Figure 30 showing the integral of the
applied current transient, or the total charge delivered.

Figure 281 Post-TestPhot ograph of Arc Discharge
Non-Conductive Jacket w/ LP gas, 4.72 Coulombs Total (Test No. 18)

wi t h

Ar ea
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Table 371 High Current, Arc Entry Test Summary

Component 1 Component 2 Component 3
Generator
Test Charge Action Total Ipk/ Cha'rge . Total Average Notes/Results
No. Voltage Ipk Intearal ch | Qin Duration ch c i
KV) (A) g ) arge | lavg 5Emsec (msec) arge urren
( Ao /¥ (©) | (A) | TS ©) A)
1 April 2013
1 76 33.8 0.0632 3.03 Eig%/ 9.5 14.7 6.5 442.2 Calibrations to Cu Pipe using Setup of Figure 7 of LC1027
2 76 33.8 0.0632 3.03 not applied 41.0 24.2 590.2 Calibrations to Cu Pipe using Setup of Figure 7 of LC1027
3 74 33.2 0.0604 3.04 z%gl 10.1 45.0 25.2 560 Calibrations to Cu Pipe using Setup of Figure 7 of LC1027
4 75 33.2 0.0612 3.01 2%3/ 10.1 45.2 25.4 562 BIP, at Test Location No. 1
5 75 33.2 | 0.0612 301 | Applied, but not 462 254 550 BIP, at Test Location No. 1
captured on DSO
3.88/ 10 si zed C®SNwA-Codactivie jatket) Line Not Filled w/ LP;
6 75 328 0.0608 2.98 2.00 10.0 47.0 258 549 Result: Hole in Pipe Sidewall ~0.185 in2 Area
3.90/ 0.50 sized @ECBrAuctivesIackdt)iLiheaNot Filled w/ LP;
/ 75 328 0.0604 3.12 2.00 10.0 68.4 29.8 436 Result: Damage to Jacketing Not Inspected for Hole
3.88/ 10 sized CS\WA-Codactivie Jacket) Line Not Filled w/ LP;
8 "~ 328 0.060 2.91 2.02 101 588 28.2 4796 Result: Hole in Pipe Sidewall ~0.419 in? Area
9 75 324 0.0596 286 Not Applied 0.50 sized CNSrSC. bnd(B:t_ave tlacnkdat)eLme Filled w/ LP;
Result: No Hole in Pipe
Now Applying Longer Duration Current Transients per LC1024 (~25 s x 2,800 us Waveshape)
2 April 2013
9-B 13 1.25 recNo(r)(;[Ied 4.8 Not Applied Calibrations to Cu Pipe using Setup of Figure 2 of LC1024
10 10 1.6 recNo(r)(;[Ied 3.3 Not Applied Calibrations to Cu Pipe using Setup of Figure 2 of LC1024
10-B 10 0.94 recNo(r)(;ed 3.6 Not Applied Calibrations to Cu Pipe using Setup of Figure 2 of LC1024
11 9 0.86 0.0015 (332'%* Not Applied Calibrations to Cu Pipe using Setup of Figure 2 of LC1024

22 April 2013
Page 24 of 25
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Table 31 High Current, Arc Entry Test Summary (Continued)

Component 1 Component 2 Component 3
Generator
'I,'\lest \%ll?ggee Ibk Action Total Ipk/ Cgairr?e Duration Total Average Notes/Results
: (kV)g (kpA) Integral | Charge | lavg 5msec (msec) Charge | Current
(x10ed /Y]  (C) (kA) ©) © (A)
2 April 2013
3.50 . 0.50 sized @MBECond@&tve Jacket)d ine Not Filled w/ LP;
12 10 094 | 00018 | 560y Not Applied Result: Hole in Pidpe Sidew
1.84 . 0.50 sized @BreCond&tve Jacket)dine Not Filled w/ LP;
13 55 0.50 0.00053 (1.96)* Not Applied Resul t: Hol e in Pipe Sidewg
Not . 0.50 sized @MBECond@&tve Jacket)d ine Not Filled w/ LP;
14 2.2 020 recorded 0.77 Not Applied Result: Hole in Pipe Sidewg
Not . 0.50 sized @BreCond®tve Jacket)dine Not Filled w/ LP;
15 2.2 020 recorded 0.76 Not Applied Result: Hole in Pipe Sidewg
Now Testing CSST Gas Pipe Section Routed through Grounded Aluminum Frame
Not . 10 si zed C S(Noh-Cahdustive Jacket) Line Not Filled w/ LP;
16 13 1.26 recorded 4.6 Not Applied Result: Arc at Pipe Bottom Edge
Added more Insulation at Bottom of CSST Gas Pipe Support, Repeating Test No. 16
4.6 . 10 si zed C S(Noh-Cahdustive Jacket) Line Not Filled w/ LP;
7 13 1.22 0.00304 (4.69)* Not Applied Result: Arc from CSST to Steel Fr a me Hol e in Pipge
Testing 0.750 si zedFill@tisel& Ptessarized bytL JankyAcrylic, B-Sided Enclosure Placed Around Arc Entry Area
46 0.750 si zed CS(Hon-C@dustive Jacket) Line Filled w/ LP;
18 13 1.22 0.00304 @ 7'2)* Not Applied Result: Arc from CSST to Al Frame, Hole in Pipe Si dewal | ~
) Ignition of LP Gas, Extinguished by Shutting Off LP Tank

* indicates the full integration of current for total charge delivered

22 April 2013
Page 25 of 25
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APPENDIX A

Raw Data Oscillograms
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