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ABSTRACT

The Nuclear Environmental Qualification Report presented herein

details the procedures nd results providing Nuclear Environmental'

Qualification of the Hydrogen Ignitor Assemblies furnished by Power
Systems Division (PSD) for use in the Grand Gulf Nuclear Station.
Testing, analysis, and a combination of both were the methods used to
verify the adequacy of the equipeent design under normal, abnormal,-

seismic, and accident conditions. The tested equipment was shown to be

able to perform its safety-related functions through all specified
conditions when maintained in accordance with the maintenance schedules
established as a result of this program. The test program satisfies the'

requirements of IEEE 323-1974, "IEEE Scandard for Qualifying Class 1E
Equipment for Nuclear Power Generating Stations," including the November
21, 1975 Supplement, and IEEE Standard 344-1975, "IEEE Recommenaed

Practices for Seismic Qualification of Class 1E Equipment for Nuclear'

Power Generating Stations." In addition, the equipment qualification
meets the requiranents of Bechtel Technical Specification No.
9645-M-198.0, Revision 6.
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1. QUALIFICATION REPORT LOCATOR

The reviewer of this Nuclear Environmental Qualification Report,

(NEQR) will be primarily interested in determining how the Grand Gulf'

Nuclear Station requirements nave been satisfiea. Table 1.1 provides an

j index to the important documentation requirements of IEEE 323-1974 cnd
the Bechtel specification.
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Requirement Location

i

Purchase Order N:"nber Title page of this report
,

List of Equipment Q alified Table 4.1 of this report

Methods of Qualification CCL Report A-409-81-01, NEQP for
7 i Hydrogen Ignitor Assemblies

| \

Justification of Test Sequence | Section 3 of this report |

111ustrations and Description Sections 4 and 7 of this report and
of Equipment Appendices F, I, and K of this

e report

Test facility description-CCL Section 3 of this report and

| Test facility description-SDRC , Appendices F, I, and K of this
Test facility description-WYLE || report

|
j Functional & environmental test Appendices B through K of this I

,

i set-ups, instrumentation, and report

calibration records

Seismic test set-ups, SURC Report No. 10824 3, contained
instrumentation, calibration in Appendix F of this report

( records

Loss of Coolant Accident (LOCA) Wyle Report No. 45880-1 contained

( test set-ups, instrumentation, in Appendix I of this report
and calibration records

|

J Hydrogen burn test set-ups, Wyle Report No. 57149 contained 1

I instrumentation and calibration in Appendix K of this report
| | |

CCL instrum:ntation calibration CCL Laboratory records
traceability records (Permanent file at CCL)

| I

c Plan and objective | CCL Report A-409-81-01 |

l |
Test data (test procedures Appendices B through K of this |

and results) report
'

|

|
Statement of qualified life Section 6 of this report ||

3 I ._................._.....l...........................I
A,

Q'

Table 1.1 Qualification Documentation Locator (Continued)
,
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!Requirement Location
{

l

Conclusions and Section 8 of this report

:( recommendations
|

;

Supporting data and CCL Report A-409-81-01 |
i

references )
Description of analytical CCL Report A-409-81-01 ;

1

method used"

Identification of specified CCL Test Procedures contained in
tolerances Appendices B through G, H, and J of j

this report !
1

t Recommended program to This report
maintain qualification ,

'

I

Statement that equipment Provided separately by Power Systems
shipped matches that which Division
has been qualified' ,

Table 1.1 Qualification Documentation Locator (Concluded)
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2. INTRODUCTION

Nuclear environmental qualification of the Hydrogen Ignitors

) furnished by P'SD was accomplished in accordance with the program
descriced in Corporate Consulting and Development Company, Ltd. (CCL)

RepLrt A-409-81-01. The program was executed by CCL in conjunction with

Structural Dynamics Research Corporation (SORC), Wyle Laboratories,

Georgia Institute of Technology, and PSD. This report summarizes the
,

huclear Environmental Qualification Program resul.ts.
The CCL qualification program consisted of putting age-sensitive

equipment in a simulated end-of-life condition and then subjecting it to
Design Basis Event (DBE) (seismic and accident) testing. The finci step<

in the program consisted of operating the aged ignitors while exposed to
specified concentrations of hyorogen in air postulated to occur in the
event of an accident during the plant life. This demonstrated that the

,] equipment was capable of performing its safety-related function while in<

V its "end-of-qualified-life" condition. A test program outline is

provided in Section 3 of this report.
A brief summary of the Hydrogen Ignitors and a description of their

safety-related function is provided in Section 4 to aid the reader in
(

understanding the overall qualification.

f
Section 5 contains a description of the service conditions to which

the components will be subjected anc compares these to the service|

|
conditions on which the test program was based. In all cases, the test

i

program conditions envelope the Grand Gulf requirements.
Section 6 contains a summary, in tabular f orm, cf the results of the

program and shows the qualified life of the ignitor along with margins on
thermal and wear aging based on the Grand Gulf requirements. The

(
qualified life of the Hydrogen Ignitors is 40 years plus seven days Post
Design Basis Event (PUBE) operation.

-

Section 7 contains a summary of the seismic testing performed on the

ignitors, and Section 8 contains summaries of the LOCA and Hydrogen BurnI t

O Testing.
O

l
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Appendix A contains the Environmental qualification Summary Sheets
for the ignitors These sheets show the test program phases to which the

1 CCL test samples were subjected.
Appendix B contains the Functional Test Procedures and the results

of each functional test.
Appendices C through E contain the test prccedures and results for

radiation, thermal aging, and wear aging, respectively."

Appendix F contains SORC Report No. 10824-3, " Seismic Qualification

Report on Two Hydrogen Ignitor Assemblies." Tnis report documents 9e
results of the triaxial seismic testing which was performed on the

ignitors.

Appendix G contains the Submergence Test Procedure and results.

Appendix H contains the LOCA Test Procedure and results, followed by

Wyle Report 45880-1 documenting the LOCA test, in Appendix I.
O
() Appendix J contains the Hydrogen Burn Test Procedure and results,'

followed by Wyle Report 57149 documenting the Hydrogen Burn Test, in

| Appendix K.
Both a prime and spare test sample were tested by CCL for the

|

t' majority of the program. The spare sample was aged (thermal and wear) to

an equivalent life of 20 years (plus margin) while the prime was aged to
a 40 year life (plus margin). The prime sample is identified by CCL ,

Sample No. 1609-001-000-002. The spare sample is identified by CCL
( Sample No. 1609-001-000-001. The spare sample was tested with the prime ;

f or all test phases except LOCA testing and the Hydrogen Burn Test. Only

the prime sample was tested during these last two phases. Therefore,
qualification of the Hydrogen Ignitors is based on the success of the

|E' prime test sample. Tne reader will note that the data contained in the
appendices refers to both test sample numbers. The data concerning the
spare sample is included for completeness sake only.

L
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3. TEST PROGRAM OUTLINE

Test samples received at CCL's laboratory were inspected,
functionally tested and prepared for accelerated aging simulation. Thei

samples were subjected to radiation exposure, thermal aging, and wear
aging, as well as periodic functional tests to verify equioment
operability. When the test samples reached their simulated qualified
life, they were shipped to SDRC in Milford, Ohio, for seismic
qualification.

Seismic testing consisted of an exploratory, low-level resonance
search, followed by 30 minutes of simultaneous horizontal (in boto
principal axes) and vertical random multifrequency motion to simulate
Safety kelief Valve (SRV) loads. The SRV load simulation was followed by
triaxial seismic testing to simulate five Operating Basis Earthquakes
(OBE). The samples were then subjected to the Design Basis Earthquake

O simulation. Triaxial seismic testing was performed using a Required

Response Spectra (RRS) developed from Appendices Q, R, and S to Bechtel

Specification 9645 '4-198.0, as explained ir Sections 3.2.3 and 3.3 of CCL
Report A-409-81-01. The test samples were mounted in their worst case

T- in-service configuration and the operability of the ignitors was verified
during and after all seismic test series.

Following the seismic test, the assemblies were subjected to
additional testing to simulate anticipated conditions resulting frc,m a

i LOCA. These included a Submergence Test, a LOCA Test, and a Hydrogen

Burn Test, as well as periodic functional tests. During the Submergence
Test, the assembly was immersed in demineralized water, removed and

energized. The ignitor was then submerged in water while energized. The

i LOCA simulation consisted of exposing the assembly to the temperature and

pressure profile shown in CCL Report A-409-81-01. During the LOCA
~

simulation, the assembly was subjected to negative pressure transient.
The assemaly was energized continuously curing the LOCA Test. Tne final

test phase contisted of a Hydrogen Burn Test. Dur W ' sis test, thet

assembly successfully ignited comt,ustible mixtures or hydrogen and air,
with concentrations varying f rom 4% to 12% t.ydrogen by volume.'

.i

, - , -, -
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The qualification test program sequence is presented in Figure 3.1.
IEEE 323-1974 was used as the basis for the test sequence. That is, the

equipment was aged to its "end of qualified life" point and then
subjected to the DBE simulations. The same test sample was used<

thecughout &!l test phases.
The Arrhenius methodology was used as the basis for thermal aging as

discussed in CCL Report A-409-81-01. Activation energies of the
materials in the components tested were derived from literature sources,

and through the use of thermal analysis methods. The use of the
Arrhenius methodology and, specifically, the use of thermal analysis to
determine material activation energies in nuclear environmental
qualification programs is discussec and justified in CCL's paper,
"Arrhenius 11ethodology of Aging for Nuclear Environmental

Qualification."
Synergistic effects were considered in the testing program to the

h extent to which these effects are known, At present, thea state.nf-the-art of accelerated aging has not been developed to the
extent that predictions of humidity effects on activation energies of
materials can be included in defining aging programs. A measure of
humidity stress was factored into the test program by subjecting the test
samples to a "1-nour humidity soak 17 excess of 90 percent RH at the
maximum service temperature which th. assembly is expected to experience.

In addition the assembly was subjected tc combined environments of
,

( pressure, temperature, and steam during the LOCA Test. Reference Test
Procedures 1609-2, Appendix 0 and 1609-5, Appendix H for more specific

;

! discussion. No other known synergistic effects exist that would affect
the testing sequences or overall test program. The actual test sequence

|0 is described in Figure 3.1.

These tests constitute complete qualification of the Hydrogen
Ignitor Assemblies,

t

V
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4. DESCRIPTION OF EQUIPMENT
'

The Hydr ogen Ignitor Assemblies will be used to burn hydrogen at low
' concentrations as it is produced following a postulated design basis

a ccident. The system will maintain hydrogen concentration in the
containment within acceptable limits, thereby precluding hydrogen
detonation at high concentrations. Figure 4.1 is the general assembly
drawing for the Hydrogen Ignitor. The figure also lists the components

f rom whicn the ignitors are assembled.

4.1 Safety-Related Functions
' The specific safety-related function of the Hydrogen Ignitor is to

maintain hydrogen concentration in the containment within acceptable
limits by burning low-level concentrations as it is produced. The glow

plug must maintain a minimum temperature of 1,500*F.

<
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5. SERVICE CONDITIONS'

The service conditions upon which the qualification of the Hydrogen

Ignitors is based are discussed in this section.
t

5.1 Normal Service Conditions
Equipment service conditions considered in this qualification

program may be divided into two primary categories: environmental

conditions and wear conditions.*

5.1.1 Environmental Conditions

For the purpose of the qualification program, environmental service
conditions are defined as those present at the equipment location during

the generating stat. ion design life. Environmental conditions in the
immediate area surrounding the equipment are as defined in Bechtel

Specification No. 9645-M-198.0. The worst-case set of environmental
conditions from the drywell and containment locations was chosen as the

basis for qualification and is shown in Table 5.1. Table 5.2 shows the

environmental conditions for inside the drywell. Table 5.3 shows the
environmental conditions for outside the drywell but inside containments.

Qualification test results have been evaluated on the basis on each'

location and included in this final qualification report.

5.1.2 Wear Conditions

t Table 5.1 contains an estimate of the number of cycles the

equipment will undergo over a 40-year period. The ignitors will not be
energized during normal plant operation. However, they will be energized
during periodic surveillance, specified to occur once per month. In

0 addition, once per year during reactor shutdown, the ignitor operating
temperatures will be verified. Bechtel has estimated that the ignitors

could be energized for eight hours for each of the shutdown periods.

.
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PAPAMETER NORMAL DUTY SEISMIC ACCIDENT.

.

Temperature Minimum 26.7aC (80*F)
Maximus:: 57.2*C 135'F) 57.Z'C (135'F) See Figure 5.7
Representative 57.2*C 135'F)

Pressure -0.5 to 2.0 psig -0.5 to 2.0 psig See Figure 5.7*

Relative 401 - 901 401 to 901 1001

Humidity

|

Radiation 1.81 x 107 Rads gansna (air) 2.7 x 107 Rads gamma (air)
40 Year Total Integrated Dose 1.0 x 109 Rads beta (air)

7 Day Total Integrated Dosages

.

Continuously Energized
Operational 520 cycles Maximum of 100 Ignitions
Cycles of Combustible Hydrogen

Voltage 120 VAC 2 101'

60Hz[

Seismic SRV Loads Safe Shutdown

(. Figures 5.1 and 5.2 Earthquake (SSE)
Operating Basis Figures 5.5 and 5.6
Earthquake (OBE)

Figures 5.3 and 5.4

i

Table 5.1 Service Conditions for Hydrogen Ignitor
Assembly Qualification

i
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PARAHETER NORMAL DUTY SEISMIC ACCIDENT

Tenerature Representative 57.2*C (135'F) 57.2'C (135'F) See Figure 5.7
.

Pressure -0.5 to 2.0 psig -0.5 to 2.0 psto See Figure 5.7

Relative 401 - 60% 401 to 604 1005Humidity

t

Radiation 1.8 x 107 Rads gama (ai-) 2.7 x 107 Rads gamma (air)
1.8 x 1014 Neutrons /cm2 1.0 x 109 Rads beta (air)40 Year Total Integrated Dose 7 Day Total Integrated Dosages

Operational 520 cycles Continuously EnergizedI

l ['N
Cycles Maximum of 1.0 Ignitions

of Combustible Hydrogen

Voltage 120 VAC 10%

,

60 Hz * I*O- 3.0

i Seismic SRV Loads Safe Shutdown
Figures 5.1 and 5.2 Earthquake (SSE)

Operating Basis Figures 5.5 and 5.6
Earthquake (OBE)

Figures 5.3 and 5.4,

1

l i

; Table 5.2 Service Conditions for InSide Drywell

|t
|

,*
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PARAMETER NORMAL DUTY SEISMIC ACCIDENT
-

Temperature Minimum 26.70C (80'F)
Maximum 40.6*C (105'F) 40.6*C(105'F) See Figure 5.7
Representative 40.6'c (105'F)

1

Pressure -0.1 to 1.0 in H O -0.1 to 1.0 in H O See Figure 5.72 2

Relative 80% - 90% 80% tt 901 100%Humidity

'
Radiation 9.0 x 106 Rads gamma (air) 1.0 x 107 Rads gamma (air)

2.5 x 10!! Neutrons /cm2 2.0 x 109 Rads beta (air)Total Integrated Dosages Total Integrated Dosages

Operational 520 cycles Continuously Energized
'/ Cycles Maximum of 100 Ignitions'

of Combustible Hydrogen

Voltage 120 VAC 2 10%

I*O
60 Hz * 3.0-

Seismic SRV Loads Safe Shutdown
Figures 5.1 and 5.2 Earthquake (SSE)

Operating Basis Figures 5.5 and 5.6
! Eartnquake (OBE)

Figures 5.3 and 5.4

t

| T?.ble 5.3 Service Conditions for Outside
; Drywell/Inside Containment
|

|.

.
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This results in a total of I cycle / month x 12 months / year x 40 years
periodic surveillance energize /de-energize cycles, plus 1 cycle / year x 40
years annual energize /de-energize cycles during the 40-year life of the
plant. Therefore the total number of cycles is 520.

5.1.3 Safety Relief Valve and Operating
Basis Earthquake Loads

During the 40-year plant design life, the assemblies will be
subjected to dynamic loads asscciated with the main steam SRV discharge

'

thermo-hydrodynamic phenomena in addition to seismic loads. The SRVs are

postulated to actuate 1800 times during the life of the plant. Tne
horizontal and vertical RR; due to the SRV actuation are shown in Figures

5.1 and 5.2. The OBE RRS are shown in Figures 5.3 and 5.4 for the

horizontal and vertical directions. The RRS shown were taken from
Appendix R, Rev.1, to the Bechtel specifications and include a +10
percent margin added to the acceleration.

5.1.4 Radiation
The radiation levels to which the assemblies will be exposed during

normal and accident conditions will be highest for assemblies located
t

within the drywell. Therefcre, radiation levels inside the drywell were
the basis for qualification.

Normal radiation consists of gamma and neutron dosages. For the

purposes of qualification, the neutron dose was converted to equivalent
gamma radiation and added to the gamma dose. This resulted in a 40-year
total integrated dose of 1.81 to 107 Rads gamma (air equivalent) as shown

i n Ta bl e 5.1.
Accident radiation consists of gamma and beta doses. The ignitor

i assembly components are sealed within an 0.125 inch (0.318 cm) thick type

304 stainless steal enclosure. Therefore, the components contained

within the stainless steel box will be shielded frcm the effects of beta
radiation and the effects of beta radiation were exempted from the

4

qualification process. The glow plug and the cover plate gasket were not

V exempted from the beta radiation qualification process and were

irradiated.

'1
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The maximum accident gamma dose specified is 2s7 x 107 Rads. The maximum
,

accident beta dose specified is 1.0 x 109 Rads.

5.2 Conditions During Design Basis Events
The DBEs for the Ignitor Assemblies consist of an SSE and a LOCA.

.

Tue horizontal and vercical RRS for the SSE conditicq are snown in

Fioures 5.5 and 5.6. The RRS for the SSE condition were combined, using

the absolute sum method, with the SRV and LOCA RRS and a +10-percent

margin added to the accelerations. Tne LOCA test temperature and
pressure profile is shown in Figure 5.7. It is during the course of the
LOCA that the ignitor will be energized continuously in order to burn
combustible concentratTons of hydrogen. It is also postulated that some

of the assemblies may be submerged in suppression pool water as a retult-

of pool swell and drywell negative pressure transients. The submergence
may occur while the ignitor is de-energized or energized. Qualification
requires demonstration of operability while exposed to the DBE conditions'

while the assembly is in its "end-of-qualified life" condition.--
, ,
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6. COMPONENT QUALIFIED LIFE SUMMARY

,

Tables 6.1 and 6.2 provide a summary of the results of the
,

qualification test program and show the qualified life of the ignitor,
along with the appropriate margin on radiation, thermal ano wear aging,
and required maintenance. Tat,le 6.1 is based on the environment inside
the drywell and Table 6.2 is based on the environment outside the

,

drywell, but inside the containment. The following is an explanation of
the columns used in Tables 6.1 and 6.2.

1. CCL Sample Number - This number identifies the test sample used

for qualification, in this case the prime test sample.
2. Qualified Life - The number of years in this column represents

the period of time for which satisf actory performance has been
demonstrated based on the Grand Gulf service requirements.

3. Radiation Exposure Margin - The percent margin in this columny

"v - represents the amount of radiation to which the component has
been exposed in excess of the specified dose. Margin is
calculated based on the accident dose only.

4. Thermal Aging Margin - The percent margin in this column
represents the amount of thermal aging induced on the component
in excess of the qualified life, expressed a3 a percent of the
qualified life based on the Grand Gulf service requirements.

5. Wear Aging Margin - The percent margin in this column represents

I the number of wear aging cycles through which the component was
|

| operated, in excess of the number of cycles expected during the -

i qualified life, expressed as a percent of the qualified life
cycles based on the Grand Gulf service requirements.g

6. Maintenance / Replacement Interval - The maintenance / replacement

interval contained in this column is the maintenance.or the
replacement interval required in order to maintain qualification
of the hydrogen ignitors. This maintenance / replacement

p information should not replace PSD's recommended maintenance but
,

V should be combined with it.

|

|C
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RADIATION THERMAL WEAR

| QUALIFIED EXPOSURE AGING AGING MAIN 1ENANCE/
,

| CCL SAMPLE LIFE MARGIN MARGIN MARGIN REPLACEMENT
,

NUMBER 1609- DESCRIPTION (Years) (Percent) (Percent) .(Percent) INTERVAL
'

|
i

1

001-000-002 Hydrogen Ignitor 40 18 (gamma)1 12 14 Replace junc-
L Assembly tion box wire

,18 (beta) penetration
~ seal after 20
. i

j
,

, years

| 1.__....._____.L_________________.L_________L________..L__________.._______.L___________.
!

1 Radiation margin based on accident dose only.

.

Tar'e 6.1 Qualified Life Summary - Inside Drywell

.
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a

I

i
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RADIATION THERMAL WEAR
QUALIFIED EXPOSURE AGING AGING MAINTENANCE /

1 CCL SAMPLE LIFE MARGIN MARGIN MARGIN REPLACEMENT
; NUMBER 1609- DESCRIPTION (Years) (PERCENT) (Percent) (Percent) INTERVALi

_ ,

| 001 000-002 Hydrogen Ignitor 40 410 (gamma)1 >100 14 None
| Assembly

590 (beta)
- . . . . . . . . . .. . . _ . . . . .. ... .. . . .. . . . . . . _ _ _ . . _

1 Radiation margin based on accident dose only.
|

1

1

. Table 6.2 Qualified Life Summary - Outside Drywell/Inside Containment
!

i

i

l

!

.
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7. SEISMIC TESTING SUMMARY

The Hydrogen Ignitor samples were mounted on the shake table in a
' manner simulating the worst case in-service mounting condition. Figures

.<

7.1 and 7.2 contain photographs illustrating the mounting arrangement.
The testing was performed with the test specimen's principal horizontal
axis positioned parallel with the test table motion.

The ignitors remained functional before, during, and after the
,

entire test sequence. Table 7.1 is the CCL log of the glow plug
temperatures monitored during the +.est. The glow plug terperatures
during the seismic tests were approximately 1,600*F, or approximately
100*F below the required 1,700*F at 120 VAC. This was judged to be the
result of two principal factors.

1. The Chromel-Alumel thermocouple was attached to the glow plug

by wire. Although a smaller diameter thermocouple was used to
~

j ,- [ reduce heat-sink effects, the attachment method prevented solid
contact between the thermocouple and the plug. A ceramic'

binder was used in subsequent testing.
2. Air movement around the plugs as a result of table motion

during the tests increased the heat transfer from the plugs to.,
>,

the environment, lowering the plug temperature.|
See Appendix F of this report for the entire SURC report o. the

seismic testing of the Hydrogen Ignitors.
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GLOW PLUG TEMPERATURE ('F) ;

1

RUN TIME 1609-1-0 2 1609-1-0-1 NOMIi4AL

} NO. DESCRIPTION AND COMMENTS (PM) (PRIME) (SPARE) VOLTAGE it

'I

Bolts torqued to 21
ft-lbs i

,

1

| Pretest 1:40 1670 1645 132' --

1 X exis resonance search 1:42 168o 132

1:44 1692 132 |

132| 1:45 | 1682 i

|

1:46 1582 120

|
'

| 1:47 | 1576 | 120 |

| l I i 1

| 1:48 | 1580 | 120 |

(}
<

end 1:49 1578 120
'

Between runs 1:55 1707 170u 132
|

's 2:00 | 1455 1440 108
1

2 Y axis resonance search 2:15 1575 1585 120

end 2:18 1577 | 120
,

1
2:19 1685 1708 | 132

( |
Ii

3 Z axis resonance search 2:28 1700 | 132

I l | |
, 2:29 1718 | | 132 |

| | 1 I

132 (I 2:30 1716 |i.

2:33 1708 132'

I
*

,

end y 2:35 | 1616 120 |,

.. . .. . . .. .. . . . . . . .. L .L . ._. L _ . . . I

.s Table 7.1 CCL Seismic Test Log (Continued),
g-~
L'

,

'' *
. , ,
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GLO4 PLUG TEMPERATURE ('i-) i
I

i

RUN TIME 1609-1-0-2 1609-1-0-1 NOMINAL

NO. | bdSCRIPTION AND COMMENTS (PM) | (PRIME) (SPARE) VOLTAGEt

'

2:40 1621 1 120 |

4 Start SRV aging 2:50 1616 1602 120
!

2:53 1605 120

2:55 1614 120

3:05 1625 1623 120

11

3:10 ,
1616 1616 120

| 3:15 1623 1628 { 120
,

end 3:20 1632 1636 120

Os l
L l |

| Bolts torqued to 21
| ft-lbs |

|

5 1st OBE 3:28 1620 120

< 6 2nd OBE 3:39 1622 120

7 3rd OBE 3:43 1623 120

8 4th UBE 3:45 1732 132

9 Sth OBE 3:48 | 17E7 i 132>

\ \ | |

Bolts torqued to 21 | | |

| ft-lbs | |

| 10 1st 3SE 3:57 1593 120
,

post-SSE 4:00 1636 1638 120
'

---.................................................__.......I.

Table 7.1 CCL Seismic Test Log (Continued)

4
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; () -- _ __-'
_________

GLOW PLUG TEMPERATURE ( F)

I i 1

RUN , TIME 1609-1-0-2 1609.1-0-1 NOMINAL.

NO. | DESCRIPTION AND COMMENTS (PM) (PRIME) (SPARE) VOLTAGE

I

j 1st SSE did not envelope
bolts torqued to 21
ft-lbs |

I1587 | 120 |11 2nd SSE 1 4:03 |

|
2nd SSE did not envelope i

bolts torqued to 21,

ft-lbs
1

120
12 3rd SSE 4:15 1586

,

i _.____L.,____________..__________L _L.- ____ L_ _ __ _____ _ I

Table 7.1 CCL Seismic Test Log (Concluded)
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8. LOCA AND HYDR 0 GEN BURN TESTING SUMMARY
4

The Hydrogen Ignitor prime test sample was subjected to LOCA and
Hydrogen Burn Testing at Wyle laboratories, Huntsville, Alabama, and.

Norco, California, facilities.

During the LOCA Test, the test sample was installed inside a
pressure chamber cad subjected to a steam environment to simclate a LOCA.
The ignitor was energized throughout the test with the glow plug and case

,

temperature monitored. The input voltage and current to the sample were
i

uring the latter part of the test, the maasured glowalso monitored. n

plug temperature declined steadily from the required levels. However,
the input current to the ignitor transformer remained constant,
indicating praper operation of the ignitor (i.e., no short or open
circuit). The temperature decline was therefore attributable to the ,

thermocouple becoming detached from the glow plug. As proof of this, the
thermoccuple was reattache'd to the plug following completion of the LOCA,

| Test. The required chamber conditions were then re-established and the'

ignitor energized. The glow plug temperature was above the reauired

levels. During the saturated steam portion of the test, the chamber
;

3
temperature fell below the required levels for short periods of time.
The LOCA Test time was not extended to compensate for the total

accumulated low temperature time. However, Wyle demonstrated by using

the Arrhenius methodology, that due to overtemperature test conditions
| the equivalent degradation of the assemblies amounted to a +32% margin on,

the required 7 day LOCA period. The Wyle test report documenting the
'

complete test is included as Appendix I to this report.
Tre Hydrogen Burn Test was composed of two parts. In the first

part, the ignitor was exposed to known concentrations of hyarogen in air.f
*

The ignitor was then energized and ignition of nydrogen/ air mixture
veri fied. The concentrations of hydrogen was varied from 4% to 12% by

' volume. Concurrent with this, the voltage to the ignitor was varied from
108 VAC to 132 VAC. In all cases the ignitor successfully burned the

,

! hydrogen to which it was exposed. Tne second part of the test consisted

;(

'

..___ . _ , _ . - __ - . _ _ . . _ __. _ _ _ . _ _ _ . . _ . _ _ _ _ _ _ _ _ - - - _ - - - . . _ . - _ _ ____ _-
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i

f

of multiple burns of an 8% hydrogen concentration by volume in air. The -
'

known volumetric flow of hydrogen and air into the chamber was begun and

the ingitor energized. The hydrogen ignited and was allowed to burn for
approximately 3 to 8 seconds. The flow of hydrogen was then stopped and
the ignitor de-energized. Thit process was repeated until the total
number of ignitions frcm both parts of the test reached 100. The ignitor

successfully completed the test and showed no signs of deterioration from

the burn test. A section of conduit used in the actual in-service
configuration was used in the installation of the ignitor in the test
chamber. The conduit was in a like-new condition following the burn

test. The Wyle test report documenting the Hydrogen Burn Test is
included as Appendix K to this report.

O
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i

O .

9. CONCLUSIONS AND RECOMMENDATIONS
,

The work documented by this Nuclear Environmental Qualification

Report demonstrates that the Hydrogen Ignitor Assemblies supplied for the
Grand Gulf Nuclear Station are capable of performing their safety-related

/

function through all specified conditions, when maintained in accordance
with maintenance schedules specified herein. This qualification program
satisfies the requirements of IEEE 323-1974 including the November 21,
1975 supplement, and Bechtel's Design Specification. No further work is

required to demonstrate the capability of this equi ment with regard ton
,

the specified environmental design criteria.
a

: O
::
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APPENDIX A - ENVIRONMENTAL QUALIFICATION SUMMARY SHEETS
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ENVIRONP. ENTAL QUALIFICATION PROCEDURE
.

COMPONENT Hydrogen !qnitor Assembly CLIENT. Power Systems viviu on
QUALIFIED LIFE Forty years plus 12% margin

CCL PROJECT NUNBER 81-1609
! MAINTENANCE / REPLACEMENT SCHEDULE Replace junction box wire penetratice. seal after CCL SAMPLE NUMBER 1609-001-000-002<u years

! ENVIRONMENTAL AGING
I THERMAL AGING: ElREQI 1 RED O EXEMPTED LOCA SINULATION: E REQUIRED O EXEMPTED

COPMENT COMENT:''

v
_

TEMPERATUbE DURATION MEDIA QUALITY PRESSURECONDITION
SERVICE t,.G I NG SERVICE AGING SERVICE AGING SERVICF AGING SERVICE AGENG

5tandby 57.2"C .15UC 44.83 years 57.62 days Air Air 40-90% RH HS ?.0 psig mas ats
! I
!

i i

i

CRITICAL COMPONENT / MATERIAL Transformer Varnish ACTIVATION ENERGY 1.08 ev

RADIATION AGING !l
h0TES*RADIATION EXPOSURE: [3REGUIRED O EXEMPTED

-

. COP 9fENT Per CCL Test Procedure 1609-3 1. Functionally test per CCL Test Procedure
1 16C9-1.

T . I . D._ 5.0 x 107 Rads ganna DURATION 40 years normal integrated dose plus
1.1 x 109 Rads beta 2. Hydrogen Burn Test per CCL Test Procedure

! 7 day accident integrated dose
WEAR AGING 1609-6.

; CYCLING: @ REPUIRED D EXEMPTED; COP 9 TENT Per CCL Test Procedure 1609-4 3. Submergence Test per CCL Test Procedure
! NO. CYCLES- 592 1609-7.

VIBRATION AGING See SDRC Report 10824-3 in Appendix F. 4. Inermal aging evaluation based on temperatures
j inside drywell.

] SEISMIC QUALIFIC' R
j METHOD: O ANALYSIS @ TEST O EXEMPTED
| COMNT See SDRC Report 10824-3 in Apperidix F. .

? 8

1 f

i o

! I.
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ENVIRONMENTAL QUALIFICATION PROCEDURE

COMPONENT Hydrogen ignitor Assembly CLIENT Power Systems utvision

QUAL FIED LIFE Forty years plus >100% mi.rgin CCL PROJECT AUNBER 81-1609

MAINTENANCE / REPLACEMENT SCHEDULE None CCL SAliPLE NUNBER 1609-001-000-002

IENVIRONMENTAL AGING

i THERMAL AGl;iG: D REQ'JIRED D EXEMPTED LOCA SINULATION: E RTQUIRED O EXEMPTED

COMENT C0 MENT: S'

.;

TEMPERAThRE DURATION MEDIA QUALITY PRES?URE |
: CONDITION

SERVICE ! AGING SERVICE AGING SERVICE AGING SERVICE AGING SERVICE AGING

5tandby 40.60C 115UC 333.77 year < 57.62 days Air Air 40-90% RH HS 2.0 psig max ata'

I
| t
. t '

! i

)

{ CRITICAL COMPONENT / MATERIAL Transforiner Varnish ACTIVATION ENERGY LO8ev
,

RADIATION AGING; MOTES:
RADIATION EXPOSURE: G REQUIRED D EXEMPTED

1. Functionally test per CCL Test Procedure
COP 91ENT Per CCL Test Procedure 1609-3 1609-1.
T. I .D. 5.0 x 10 Rads ganna DURATION 40 years normal integrated dose plcs 2. Hydrogea Burn Test per CCL Test Procedure1.1 x 10 Rads beta 7 day accident integrated dose 1609-6.;

WEAR AGING'

I CYCLING: @ REQUIRED D EXEMPTED; COP 9 TENT Per CCL Test Procedm e 1609-4 3. Submercence Test per CCL Test Procedure
1609-7.i 592NO. CYCLES

VIBRATION AGING See SDRC Report 10824-3 in Appendix F. 4 Thermal aging evaluation based on maximum
temperature outside drywell/inside

, SEISMIC QUALIFICATION I
'

i

| METHOD: O ANALYSIS G T ST O EXEMPTED
COMENT See SDRC Report 10824 3 in Appendix F.
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APPENulX B - FUNCTIONAL TEST PROCEDURES AND RESULTS
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Q A REVIEW aY DATE

<

.

FUNCTIONAL TEST

,

1.0 The requirements and procedJres for the functional testing of the
Hydrogen Ignitor Assembly are presented in the fellowing subsections. '

1.1 Test Requirements

The Hydrogen Ignitor Assembly shall be functionally tested in accordance
with the procedure specified below. The test sample shall comply with
the following requirements.

O- The Glow Plug of the assembly, when supplied with the following input
' power, shall achieve minimum temperatures as listed.

.

........... .... _______..... _ ___.. .. ..... ...

Input Power Frequency Mir,imum

(VAC) Phase (Hertz) Temperatures ( F)

120 1 60 1700
108 1 60 1500 R1

132 1 60 1700
'' 120 1 57 1700
L _ _ . _- 108 __ _ .. t _. . . . 57 . 1500 _

132 1 57 1700
120 1 63 1700
108 1 63 1500
132 1 63 1700 __

e

.................... ..... .___..........._.-...-.....

The Hydrogen Ignitor Assembly shall be tested at the input power levels
.

listed above during the initial baseline functional and final functional
tests followi,ng the last test sequence. The Intermediate Functional Tests ,

' ~

,

t

I

- - _ ____suLe - - _ - _ _ _ - _ .-
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' shall be conducted at 120/1/60, 108/1/60 and 132/1/60 ( 10% of rated
voltage conditions only). The glow plug temperature shall be a minimum
of 1500'F at 108 VAC and a minimum of 1700 F at 120 & 132 VAC. The innut
power, frequency and current shall be recorded. The glow plug

* temperature and case temperature shall be measured and recorded. The
insulation resistence between the electrical leads and base ground shall
be a minimum of 50 megohms at 500 volts.

.

1.2 Test Procedure R2

The Hydrogen Ignitor Assembly shall be electrically connected and
instrumented as shown in the attached schematic for the functional tests.

'
1 During the baseline functional test and the final functional test

following the last test sequence, the test sample shall be energized with
the following input power: 120/1/60, 108/1/60, 132/1/60, 120/1/57, R1

108/1/57, 132/1/57, 120/1/63, 108/1/63, and 132/1/63. The glow plug |

temperatures shall be as shown in Paragrph 1.1 above. The test results
and data shall be recorded on the applicable data sheets.

During all intermediate functional tests the test sample shall be

' energized with the following input power: 120/1/60, 108/1/60 and;
i _ __ _. _132/1/60 The glow plug tempecature- shel-1-be a- minim -of 1600V at 108

| VAC and a minimum of 1700 F at 120 and 132 VAC. The test results and
data shall be recorded on the applicable data sheets. R1

(

The insulation resistance shall be measured between the inlet power lead
and case ground during each functional test. The negohomneter (meggar) -

,

leads shall be attached to the power leads and case ground. The megger

voltage selector shall be set at 500 volts. Turn negger switch to on

) position. Measure and record the insulation resistance.
'

!

l'1i
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i

1.3 Test Results R2

The test samples were subjected to the functional tests in accordance |

with the requirements and procedure specified above. The functional |

test data sheets follow this Test Procedure. |
,

l

The test samples complied with the functional test requirements. |

|

The instrumentation and equipment used in the performance of the j.

functional tests, along with their calibration due dates are shown |

on the dats sheets. |

O
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CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD.
Test Procedure No. 1609 1, Rev. 1

| DATA SHEET FOR BASEL1hE AfC ,F?NAL FUNCTIONAL TEST

Client Power Systens Division Project No. 81 1609
Description sample Hydrogen Ignitor Assembly Date of Test
CCL No. Part No.

!

] INSTRUMET AND (QU .T*!T titT

ITEM CCL NO. RANGE CALIBRATION OUE DATE

- -

. . . . _ . _ .......____. __ ___... ..._ ..... ........

Test Drocedure Record Requi,rements _ ,

* Energize with the
i Following:

Voltage 120, 108, 132 VAC R1

Frequency 60 Hert2
Current Record
Record Glow Plug

Tempeaature See Para.1.1
Record Case Temperature Record

,

i

* Energize with the
Following:

Voltage 120, 108, 132 VAC R1 |

Frequency 57 Hertz 1 '

Current Record
Record Glow Plug

Tem;erature See Para.1.1 1

_- . "Recart Case-4emperature - Record~

j Energite with the
Following:

Voltage 120, 108, 132 VAC R1
Frequency 63 Hertz ,j_.

Current Record
Record Glow Plug

Temperature Ste Para. 1.1
- Record Case Temperature

_

Record

* Insulation Resistance
Record Voltage Applied 500 Volts
Record Insulation Resistance > 50 Megohns

O Functional within Acceptable Limits Tested By
V R04 No. EE Reviewed By

i

1F-067
_ _ - . . . _ _ - -.
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- F

Koger Executive Center
PREPARED BY DATE

919 782 34:1,0 0tS w ,0096 Ratt N C 27622 l
..

APPROVED BY - DATE

TEST PROCEDURE APPROVED SY. DATE |

QA REVIEW BY - DATE ;

1

.f

.

CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD.
Test Procedure No.1609-1, Rev.1

DATA SHEET FOR INTERMEDIATE FUNCTIONAL TEST
.

Client Power Systems Division Project No. 81 1609

Description of Sample Hydrogen Ignitor Assenbly Date of Test

CCL No. Part No.

'

INSTRUME,NT,AND EQU1PMENT LIST

Item CCL No. Range Calibration Due Date

O .._ _. . - . - ....... ... .......- __ . _ _ _ _
>

Test Procedure Record Requirements

* Energize Test Sample
with the following power.

,

Voltage 120, 108, 132 VAC
Frequency 60 Hertz

Record Current Record
~

Record Glow Plug
1500*F Min @ ICS,Temperature

- 1700'F Min 9 120 &
132 VAC
RecordRecord Case Temperature

_,, __.,

~~ ~ '' ' ~ ~ ~^ ~~

c
- - - --

~ ~ -- - Insulation P.esistfn' e ~.

Record Voltage Applied 500 volts
Record Insulation Resistance > 50 riegohms

.. ..... .. _. ... - .........

Functional with Acceptable Limitse. Tes To

. ROA No. Tested by

Reviewed bj

O
,

1F-067
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PROCEDURE No
6 6

essut paTE PAst or
Koger Executive Center PMPARED SY DATC

919-762-3441 !Raet N C 27622 *
POb *

D&TEAPeROVED SY 1

# ATE
TEST PROCEDURE apeRovto eV_

DAWQ A REVIEW BY

T urrent Meter
C

Hydrogen Ignitor

TAssembly-
CVM / y

-

'

O voltage a

120/1/60 Frequency [

-

Chancer -

,

*I; // 111

e
(

f |1 | 2 |3 | |

. o

I / w

(" Digital
temperature
Readout

|

Figure 1609-1-1 Functional Test Setup ~

Test Procedure 1609-1r

i
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CORPORATE CONSULTING AfiD DEVELOPMENT COMPANY, LTD.
Test Procedure No. 1609-1, Rev. 1

DATA SHEET FOR BASELINE AND FINAL FUNCTIONAL TEST
*

e

Client Power Systems _ Division Project No. 81-1609
Description Sample Hy'drogen Ignitor Assembly _ Date of Test o sr -o ,_ a x
CCL No. /6.o 9- co / -coo odart No.

~

INSTRUMENT _AND EQUIPMENT LIST, ,

'

ITEM CCL N0. RANGE CALIBRATION DUE DATE

l ') 9 b h, m G C0 5' o.enn e ac eL - It - e x- . |

|n4 h w ws & w o _c n . ca, w u a e o6 - tr - an ,_ |

f'.b(~ Q O O S~ Jd |? -41 ~ CL P_

nf e ase 4 con zoo M n.- ns - oo - B 2.
/':, !

'

--__ . - - _ -- .._ . - - - i

Test Procedure Record Requt_r,ements ;

|

Energize with the |
Following: i

,

1

Voltage /2 o /c8 13 2 120, 108, 132 VAC R1 ;

Frequency &o ac, s e> 60 Hertz |
Current /. / /. o /.2 Record 1

'

Record Glow Plug
Temperature ,/02o /_r-6 e /B09 See Para.1.1O|,

Record Case Temperature go r; c- no Record !
,

l

Energize with the
Following: .

;e Voltage 14o /og J3 c. 120, 108, 132 VAC R1

Frequency - so .cq ce; 57 Hertz .l.
! Current i.i j./ /./ Record

Record Glow Plug
Temperature i9oe /M2 1'186 See Para. 1.1 .

Record Case Temperature o7 <>3 r/ Record
~

Energize with the
~

-

Following:

Voltage /J o / og lyA 120, 108, 132 VAC R14

Frequency 6.3 63 43 63 Hertz _[.
'

Current /. o /_ o /_ o Record.c
Record Glow Plug

| Temperature /732 /6/2 /76 R See Para.1.1
Record Case Temperature e/ y r/r o( Record

,

Insulation Resistance-

Record Voltage Applied >/ ADO 500 Volts
,

Record Insulation Resistance > 50 Megohms

Functional within Acceptable Limits / Tested By i--#][rmv1
Yes EROA No. /v//4 Reviewed By 6 // N t / m .2N /g z.

i i* .--j ( ,
i

.
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CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD.
Test Procedure No.1609-1, Rev.1

DATA SHEET FOR BASELINE AND FINAL FUNCTIONAL TEST

Client Power Systems Division Project No. 81-1609 i
Description Sample Hydrogen Ignitor Assembly Date of Test og- ov-ez.

CCL No. /4.o9- oof.oc>o co / Part No.
. ,

'

INSTRUMENT AND EQUIPMENT LIST

' '
ITEM CCL NO. RANGE CALIBRATION DUE DATE

/ O '7 D h1 M 6 o O S~ e-noov nc os-n-G2 j

l99 O w wn 4 o o c~ e- a c o -rar a c o 6 - tr - t;: 7_

DJal, f R 0 0 <~~ K / 2 - 2 0. - B 2.

kA e u, s e doo) EDo m 1 o 3 - o n - 4B 2.r

<<

... _ _ _ _ . _ _ _ . .- -- ....___ ...

Recerd Requi,rcy,entsTest Procedure 4

* Energize with the
Following:

Voltage /tzo /o B /3 2. 120, 108, 132 VAC R1

Frequency 6o 60 6 c. 60 Hertz
Current // /-/ /_er Record
Record Glow Plug

'O.
Temperature / 02 </ /6f o / cwa See Para.1.1

Record Care Temperature B 2. s a. as Record
_

Energize with thea

Following-
|

Voltage 12 0 ~ /c B 13 2. 120, 108, 132 VAC R1
.,

Frequency gg so 59 57 Hertz 1'

Current ;_ ; ;_t J. I Record
Record Glow Plug

Temperature 17 00 ,If04 f ? tt <1 See Para. 1.1
Record Case Temperature 9 2. O <- r71 Record

, _
-- - .__

Energize with the-

Following:

Voltage !? o / 0 48 1 3 7._ _ 120, 108, 132 VAC R1
Frequency 63 63 g,3 63 Hertz ,j_
Current /./ Lf /, / Recordr
Record Glow Plug

Temperature l')I9 /Jr 9 6 / 6 o3 See Para.1.1
Record Case Temperature r) 2. 95- 9A Record

Insulation Resistance-

Record Voltage Applied > /o o C) 500 Volts
Record Inselation Resistance > 50 Megohms

Functional within Accept &ble Limits V" Tested By M m & o Y
E Reviewed By y/ A , ,- .i/ROA No. A//# Yes

9

<

. _ _ . _ _ _ _ . _ . _ _ . _ _ _ . _ _ . _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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CORPORATE CONSULTING AND DEVELOPMENT COMPANY. LTD.
T

O est Procedure No.1609-1, Rev.1

DATA SHEET FOR INTERMEDIATE FUNCTIONAL TEST

Client Power Systems Division Project No. 81-1609

De n.-iption of Sample Hydrogen Ignitor Assenbly Date of Test J/a/p

Cb m/-nnn -iom Part No. -

- A d 4 /J4| f asiki & f
INSTRUME,NT,AND EQUIPMENT LIST

;' Item CCL No. Range Calibration Due Date{%7% knA=
<*N>S ~34? M. 250/Y /nAs/Rt

' ' //%sh / 46s/% /ws~ Cz w IMe A hi%' O;fseonn J,/ s 9 A Erd-r . 9 /' 7 / 9 4// / / '/
E
:

_ _ -. _ __ _ - - -

..._ . .. _ ..

[ Test Procedure Record Requi reme,n_t,st
_

Energize Test Sample
with the following power.

-

Voltage /26 /Ap By 120, 108, 132 VAC
Frequency go 4g go 60 HertzRecord Current x/ z/ // RecordRecord Glow Plug

Temperature / 795- 4s 75 /9fe? 1500'F Min 9 108,
1700'F Min 9 120 &'

132 VACRecord Case Temperature 7;'9c- 7cep- 7f *,c Record

. Insulation Resistance

Record V,oltage Applied - san " 500 c 47 -'"~ ~, _ _ ~--

Record Insulation Resistance p,mo > 50 megohms
'

= _ _

Functional with Acceptable. Limits /
Yes To

'
ROA No. Tested by . 4 << /' p/,

//./SM,m .3d r_Reviewed by I
, , , i

O



.~.._e _ _ . _ _ _ . _ _ _ _ _ _ _ _

<

CORPORATE CONSULTING AND DEVELOPMENT COMPANY LTD.
Test Procedure No. 1609 1, Rev. 1

,

DATA SHEET FOR INTERMEDIATE FUNCTIONAL TEST

Client Power Systems Division Project h. 81 1609

De cription of Sample Hydrogen Ignitor Assenbly Date of Test 3/3 /b
CCL No.%/- % -u/ Part No. -

1f s7 Smn rnw / der, win. Msr-
INSTRUMi_N,T,_AND EQUIPMENT LIST

Item CCL No, Range Calibration Due Date
Z~A. -h ~ /dnL e x>s- -a:w as 2.e/*F /.:v n /93
//f A / /M,,&,,d t o c~ r; C im M /& 6/shpz __

A % -,.. &m7 sm e G n-r 9x,
.

// '~
- ' ( / r

l- __- .- _ . - . . . _ _ ._ ._ . . . . . . . - - - - - - - - . .

Test Procedure Record Requi reme,nt,s

Energize Test Sample
with the following power.

Voltage /3a /Og By 120, 108, 132 VAC
Frequency go c.o (, o 60 Hertz

Record Current /, / // r/ Record
Record Glow Plug

Temperature / 71 3 /4 w /P.rq 1500'F Min 9 108,
1700'F Min 9 120 &.

132 VAC
Record Case Temperature 7f*p 72 op 7 pep Record

,

. Insulation Resistance

4 Record Voltage Applied 42W 500 volts
Record Insulation Resistance 3/wo > 50 megohms

_ _ _ _ _ . . . . . . . . . _ , - -- =. . .-- .-- _= ...... .

Functional with Acceptable Limits
s K6

Tested by I h-;[ROA No.
_

Reviewed by [ //194,,_ g/
y i / ,<

O
.

- - _ _ _ _ _ _ _ . - _ - - . _ _ _ . _ _ _ _ . _ _ _ _ _ . _ . _ _ _
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CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD.
-

Test Precedure No. 1609-1, Rev. 1'

,
>

DATA SHEET FOR INTERMEDIATE FUNCTIONAL TESTc

4

(lient Power Systems Division Project No. 81 1609

Description of Sample Hydrogen Ignitor Assenbly_ Date of Test :-s y- sv

CCL No. Ibo<r -est-cw-acPart No. p p r g c. - T "4 G R w t;;l 4 ras 4'

2~ArrtItva t. Alo 1
*

INSTRUMEN,T,AND EQUIPMENT LIST

Item CCL No. Range Calibration Due Date
.

(Ala.hI Roc f V *HR L41ml l'1 - 4 c. - 9t 2.*

Dmm 1'19 6 ** [ o - 9eca V d <- G. // - M 7.

hLa M 1 ~4 h 6C)// o-2o M- M C 8 ~ Y - 87

-- . .. _. ...... .. _ _ .

Test Procedure Record Requi rem _e,n_t_se

Energize Test Sample
with the following power.

O Voltage /x o /OS 1.72 120, 108, 132 VAC
'

Frequency 6o s,c> 6o 60 Hertz
Record Current c. qq o.si i, o e Record

| Record Glow Plug
i Temperature /o t/9 /6.to / 6 ? 9' 1500'F Min 9 108,

1700*F Min 9 120 &1
132 VAC i

Record Case Temperature 7/ __ ') / qI Record

. Insulation Resistance
>

Record Voltage Applied soo 500 volts'
Record Insulation Resistance p moo > 50 megohms

.

! Functional with Acceptable Limits /
Tis 1To

ROA No. N[Af Tested by M e i f

|
Reviewed by bL

|
,

O
,

- - - _ . - . - - . - .



. _ _ .. .. . __ -

.

~
. .

CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD.
Test Procedure No. 1609 1, Rev. 1

t

DATA SHEET FOR INTERMEDIATE FUNCTIONAL TEST<

C1,ent Power Systems Division Project No. 81 1609i<

,

Descriptica of Sample Hydrogen Ignitor Assenbly Date of Test 4-f f. a z

f

CCL No. w/ - cm -co2. Part No. Qg rgg. rygwp c ,qg,,4
'

INSTRUMENT AND EQUIPMENT LIST

Item CCL No. Range Calibration Due Date
DMm n99 s oo r G - c o o V M t. 4 - ti .- e t

DW m I3O G ofI o- t o M os c ,__ m - Y - R , - ;
'

pih ym RerA K -3 * e -* H v1.s ? so - / *t- e t

iw . w e- 4 oo7 > /*eo mx 9 .2 '/ - R 2
r!

- - __ . . . . . . . . _ . _ .

Test Procedure Record Requirements

Energize lest Sample
with the following power.

O '.

Voltage /no /v g 1.32 120, 108, 132 VAC
Frequency c, o (. o eo 60 Hertz

Record Current o.9 r v. m i, o e Record
Record Glow Plug

Temperature __/ 9 3 f f e, w , /r.'5% 1500'F Min 0 108,
i 1700'F Min 0 120 &

132 VAC
Record Case Temperature 9/ i) c_ 99 Record

. Insulation Resistance -

o

4 Record Voltage Applied 3,oo 500 volts
Record Insulation Resistance w/ o o c> > 50 megohms

Functional with Acceptable Limits l-
Yes To

N !# Tested by M f % - 4 X . h ,ROA No.
'

Revtewedby[$<f4'

x

-

_ _ _ _ _ _ _ _ _ __-_ _ _ _ _ _ _ _ _ . - . - . _ _ . _ _ _ . _ - - - , . - - . , _ . , .- _ . , _ _ _ , - - . _ _ _ _ _ . _ _ _ _ . _ _ _ -. _ . _ _ . ,



-__ -.
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i CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD.
Test Procedure No. 1609-1, Rev. 1'

DATA SHEET FOR INTERMEDIATE FUNCTIONAL TEST,-

Client Power Systems Division ._ Project No. 81-1609

Description of Sample Hydrogen Ignitor Assenbly Date of Test // a o - g 2

CCL No. oof-coo-co2. Part No. p ggit. M uu,oiry Son /<

'

INSTRl: MEN,T,,AND EQUIPMENT LIST

Item CCL No. Range Calibration Due Date
,

DmW IS9 6CCI o-coo r M- t 6- //- M T..
,

'

b iu m 12 0 60// n-ro t2 s:LC A - V - n dL

V l.s ica RcoR V -128 Mov11% fo - H- R1
c~- 2Y- 97-4 e w? 3 /coe> M A rtwy.u r-

I

Test Procedure Record Requirements

* Energize Test Sample
|

with the following power.

h'

L Voltage fo o _j o s p31 120, 108, 132 VAC
Frequency r.o Go 6o 60 Hertz

Record Current o.9 r o.s3 Lo9 Record
Record Glow Plug

Temperature ir; it /ft.t /g f y 1500*F Min 9 108,
1700*F Min 0 120 &'

a
132 VAC

Record Case Temperature ry9 09 mg Record

Insulation Resistance.
>

'- Record Voltage Applied M 500 volts
Record Insulation Resistance y /oo o > 50 megohms

- . . . _ _ _ . - - - - - - - - - - - - .
-----= .. .. _ . .:

Functional with Acceptable Limits /
TeiI To"

ROA No. 9/A Tested by f/m M <
'

aeviewedby[84,2,5
~~

'

O
t

[



*
. .

o

CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD. .

'

Test Procedure No. 1609-1, Rev. 1

DATA SHEET FOR INTERMEDIATE FUNCTIONAL TEST
.

Client Power Systems Division Project No. 81 1609

Description of Sample Hydrogen Ignitor Assenbly Date of Test r _ g - s Z-
'

CCl No. par - mes-oo 2_Part No. h FT 6 Ic T4f ER M**L $4sy4

% TE Av4 L M e, 3-

*

INSTRUME,N,T,AND EQUIPMENT LIST
_

Item CCL No. Range Calibration Due Date
12 D 80 // o-f o M /4r R ~ if- R 2-7bMm

6mm m< 4 n cr~ n-2ec VM A- If ~ c?1

Pluke LXer- Sc>o R k' In ~ /y ~ R 7

-
-- - _. . . . . . . . . _ _ . .

Test Procedure Record Requi rem _e,n_t,s

'

Energize Test Sample*

with the following peacr.

k Voltage /g o /ng; /s 2 120, 108, 132'VAC
,

|
Frequency no (. o 6o 60 Hertz

| Record Current 7.f p. 2 /e2. t Record
Record Glow Plug

; Temperature /'/So /sc/ /cos 1500'F Min 9 108,r
1700*F Min 9 120 &,<

' 132 VAC
Record Case Temperaturc 96 r)b M Record

. Insulation Resistance -

>

t. Record Voltage Applied Soo 500 volts
Record Insulation Resistance >/voo > 50 megohms

Functional with Acceptable Limits /
Tiii F6

R0A No. u( w Tested by d e m o ,K
'

Reviewed by MM,2,
'

'

_

~

|

1

'

I

- - - - - . - - - - - - . ._ , .~, - - , - , . - - - - ,
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CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD. .

Test Procedure No. 1609-1, Rev. 1

DATA SHEET FOR INTERMEDIATE FUNCTIONAL TEST

Clier.t Power Systems Division Project No. 81 1609
,

Description of Sample Hydrogen Ignitor Assenbly Date of Test c.s o - e 2

CCL No. pol ~000 -000. Part No. gg7ga 3yn_,,( g,, ,4

"' *
INSTRUMENT,_AND EQUIPMENT LIST

Item CCL No. Range Calibration Due Date
DMm / '? 9 S o c.f" o~s m e As r_ 6-//-n>'

b us ws 13 a b c> 1 1 n-isaut e - Y- B2

Flak e e, co a y /o -tv- a t
hA f r,+< W 6 co 1 s c o M -.sa._ 9. a v. RA
y g g

- _ _ _ _ . . -. -. . . . . . . _ . _ _ _ . .

Test Procedure Record Requiremen_t_s

Energize Test Sample
-with the following power.

'

Voltage /2 o /o8 - /31 120, 108, 132 VAC
Frequency 6o c.49 eo 60 Hertz

Record Current o . 9 f- c.str- /- / Record
Record Glow Plug

Temperature f'7 o $ /$39 /7 mg 1500*F Min 9 108,
1700'F Min 9 120 &

~' 132 VAC

Record Case Temperature fa/ Oc 8( , Record

Insulation Resistance.
>

', Record Voltage Applied M 500 volts|

Record Insulation Resistance v a- c.:> > 50 megohms

- . .- _. - - - . _ . -- . --- ...... .

Functional with Acceptable Limits /
Tiis No

ROA No. N/h Tested by 8 m , g . d

Reviewed by //1794e, .n d. |Or
) | .

.

' '

O
,

I
_ _ - _ - - . _ _ _ _ - - - - _ . .-- _ _ - -



-.

< !

|
CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD. |
Test Procedure No. 1609-1, Rev. 1

'

I DATA SHEET FOR INTERMEDIATE FUNCTIONAL TEST |

r

Client Power Systems Division Project!b. 81 1609

Description of Sample Hydrogen Ignitor Assembly Date of Test 3~.2 o - B7
- CCL No. oot -oco -e:cf Part No. R FTtia. 'tW elt u osi. eQsigs

T^rrG?tvAL h]o. V .*

INSTRUMENT AND EQUIPMENT LIST

Item CCL No. Range Calibration Due Date '

D bt w I'i 9 6 C o s" _p. 2 co V WC G - If R ~L.-..

ogm l 'I o 6 e/l o-ro 4 we R . 8/ e z.-

P tul< e aces it. /e>-19 - BDE1
% y,e e 6 00~1 Sloo H1 .et-. 9 -2V ~m2

-- _. . . . . . . - - - - - ..

Test Procedure Record Requi rem _e,nts

* Energize Test Sample
with the following power. -

'

Voltage /10 /OS /J'2.- 120,108,132 VAC'

Frequency se ao 6o 60 Hertz
Record Current /. e o. @s t ~2 Record
Record Glow Plug

Temperature / 7 o s. /ff <p / go a 1500*F Min @ 108,
-

1700*F Min 0 120 &
t 132 VAC

Record Case Temperature #7 f 7T Ba Record

. Insulation Resistance -

i o

|'
Record Voltage Applied Jts:e 500 volts
Record Insulation Resistance 2/ceo > 50 megohms

_ . .. _ . - . -- --- ---- - .... .

Functional with Acceptable Limits /
Yes To

i ROA N3. h/# Tested by g j e J . d

Reviewed by #19[_ ,

~
i / /

; i

O

s

.-



1

| .

CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD.
Test Pr6:edure No. 1609 1, Rev. 1

DATA SHEET FOR INTERMEDIATE FUNCTIONAL TEST ;

i
i

Client Power Systems Division _ Pro.iect No. 81 1609 :

Description of Sample Hydrogen Ignitor Asseribly Date of Test Plt -B2 !

CCL No. cot.e:og Part No.
i yrkfToc!" lA)*" d

*

INSTRUME_NT,AND EQUIPMENT LIST.
_

Range Calibration Due Date
CCL No. f C-SC V NC 6- /f-9 z

Item
6m| bms, in9

D n sa i3O 6 O /f c>.to M st C 2 C/ - R *7_
6eo9 590v M ~.C1.- 7 - M - 9 2__w.s-s e.. o -

't

~

_ - - - . . .... .. _ - ..

Test Procedure Record Requi,r,s.ments

Energize Test Sample
with the following power. -

Voltage /#.0 /C 8 / 3 2- 120, 108, 132 VAC'

Frequency 6o 4o be- 60 Hertz'

Record Current o.% o-8 r Ac? Record
Record Glow Plug /1of ar,

Temperature .M:GPJte /.456 /soz.- 1500*F Min e 108,
1700'F Min 9 120 &
132 VAC'

Record Case Temperature 98 88 98 Record

f Insulation Resistance -

.
D

Record Voltage Applied Jz90 500 volts
Record Insulation Resistance y/ con > 50 megohms,

--. .- _. . ._ -- -. --
-- - -. ....

Functional with Acceptable Limits V
Teif 10o

N[/4 Tested by MR0A No.

Reviewed by //// a7[y-
pyrw'

&

O
.

. _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ , . - . _ . _ . . -
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CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD.
- -

-

Test Procedure No. 1609-1, Rev. 1

DATA SHEET FOR INTERMEDIATE FUNCTIONAL TEST l
,

Client Power Systems Division Project No. 81-1609

bescription of Sample Hydrogen Ignitor Assembly Date of Test f- SS .B7 |

CCL No. Oo/-oco -so/ Part No.
$ AyTof) (J.|* M f *

INSTRUME_N,T,AND EQUIPMENT LIST

Item CCL No. Range Calibration Due Date
DMm / *'l 4 doos~ O-9ao VMC 6 - //- 9 2

n su m / *t o 6 0r/ o -r o D Mc 9 - Y - 8 *2

fu c, , a 6oo9 !rtoo V ein.- 9- M - sr %
-

ii
-

- - - -. - _._ . ...... .-- ..

Test Procedure Record Requi reme_n_t_s

* Energize Test Sample
-

|
with the following power.

Voltage / # c) /o 8 i 31- 120,108,132 VAC
Frequency Go so Go 60 Hertz

Record Current /. o A c . 73 7 1 1 2. Record
Record Glow Plug

Temperature /'/ of /fD._ / Bl'Z - 1500*F Min @ 108,
1700'F Min 0 120 &:( 132 VAC

Record Case Temperature 67 O'/ gr Record

. Insulation Resistance -

,

i. Record Voltage Applied 4 tsHD 500 volts'

Record Insulation Resistance y /cou > 50 megohms

- - - = _ . . _ . . _ _ _ -__ - ....
--

--- - _ _ . . . . - -

Functional with Acceptable Limits 7
Tis To

ROA No. N /4 Tested by d h a g
Reviewed by [//7'P/,.e

I h /W
(

O
,

.. -_. ._. . . _ . _ . . _ _ _ - - - - - _ - - --
-



.. . . .-

f

f0RPORATE CONSULTING AND DEVELOPMENT LOMPANY, LTD.
iest Procedure No. 1609 1, Rev. 1 . .

DATA SHEET FOR INTERMEDIATE FUNCTIONAL TEST
'

Client __ Power Systems Division Project No. 81 1609

Description of Sample Hydrogen Ignitor Assembly Date of Test (e- Z- 82.
_

CCL No. oof.coe .co?_ Part No.'

Post S G I 5 w c. t EST
'

INSTRUMEN,T,AND EQUIPMENT LIST

Item CCL No. Range Calibration Due Date
DMM nq boon O.fno tJAC_ (s . I I . R2.
ntnrn 110 _foo n , o.to A QL B-4 9.2.
M Fis.aR bec1 $co v Mit S*24 67.
_6.2. T.snaenes m e m IL, b 00 8 hest.T4et K 1o ~l4 * BL
(;,. e . raermomtn e_ Boos w e.g..Tyet K u . 7_ % - B"Z.

_ -- _ - - - _._ . ......_ . _ . _ ..

Test Procedure Record Requ_irements

Energize Test Sample
with the following power. -

Voltage 12 0 10 8 132, 120, 108, 132 VAC' '

Frequency wo (,o co o 60 Hertz'

l Record Current 9.3 s.2 n .og Record
Record Glow Plug

Temperature 17to 1L37 IBSc 1500*F Min 9 108,
1700'F Min 9 120 &:,

' 132 VAC

| Record Case Temperature EPL Eg Sci . Record

. Insulation Resistance
,

Record Voltage Applied 500 500 volts
( Record Insulation Resistance psn > 50 megohms

. - .- .... ._ _ . - _ . _ - - __ - .

Functional with Acceptable Limits /
Tes Y6 c

g/A Tested by b N '~

R0A No.

Reviewed by g f d g . 9 k
'

i

O
.

'

..c- . . , _ , , _ . . . _ - - . __ *_ . . , , - .
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CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD. .

Test Procedure No. 1609-1, Rev. 1

DATA SHEET FOR INTERWEDIATE FUNCTIONAL TEST
'

Cl1, ent Power Systems Division Project No. 81 1609

Description of Sample Hydrogen Ignitor Assembly Date of Test 6 -n . ar_.

pg g64ff/c. * |CCL No. oo1 oco- co/ Part No. .<
,

j

'

INSTRUME.N.T..AND EQUIPMENT LIST-

\

Item CCL No. Range Calibration Due Date

_ffuke. mMF 9bo9 V. II- t s~~09 2.
D ht m rn 9 6 s of' e s eo r M C. 11 - 11 - s 2.

Ama,se.,e 6cce e-6 M r -,s'~ es
6co? o.ro ust suo v 9- M- 92- _ ,my e. r-

.
.

-- --
.

. . . . . . . _ _ _ .

Test Procedure Record Requirements

* Energize Test Sample
with the following power.'

~
'

Voltage tao __ /o s_ /S A, 120, 108, 132 VAC
*

Frequency 4o so 4o_ 60 Hertz -
.

Record Current /. o o. 6 /. V Record -

Record Glow Plug
-

';~-

Temperature.. /gfo. MSo Ao3/ 1500'F Min @ 108,'.;'3

1700*F Min @ 120 &- '
.

132 VAC' ~
.. . . .

Record Case Temperature 99 et s9 Record j ', L . . .'
.

j . Insulation Resistance -a

Record Voltage Applied ges>o 500 volts
p / o o w .52 > 50 megohms .

! Decord Insulation Resistance o .

.

|0 Functional with Acceptable Limits / .

TE!I Y6
.

.
.

; ROA No. y l a- Tested by _

Reviewed by . ;f ///f9 AMI2-,m
-

., y < i

|
,

.

. . _ . . - . ._. . - . . . - . . . . _ . _ , _ _ _ _ _ _ _ _ _ ,
____.
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CORPORATE CONSULTING AND DEVELOPMENT COMPANY, LTD.
Test Procedure No. 1609 1, Rev. 1-

-

DATA SHEET FOR BASELINE AND FUNCTIONAL TEST

Client Power Systems Division Project No. 81 1609
Description Sample Yydrogen Ignitor Assembly Date of Test //- a . s z-
CCI. No.16o9 oc l-ca:8-eo2 Part No.

INSTRUMET,_A,NDEQUIPMENTLIST

d ITEM CCL NO. RANGE CALIBRATION DUE DATE

6cn Dmm e :p o Go // o-n eo v n t - t 3 - 8)
_ _ _ _ _

D nt m I 3 D Go/h * -f|L M Dst /~ !) - 8)
'm yo s o t'f Iw. 9-t9- tJ
F10l& b axv9 K H - 2 s~~ 87 -

.
- ..... ..........._........ .........- .. - .............-........

Test Procedure Record Requi,rements

Energize with the
Following:

Voltage 12 o /os l y z. 120, 108, 132 VAC R1

Frequency so ao ao 60 Hertz
Current e. 9 </ o.s7 /, os. Record
Record Glow Plug

". p Temperature /866 16so I 9 9 6 See Para 1.1
g Record Case Temperature 7 cp 79_ 97 Record_

Energize with the
Following:

|' Voltage M_o /oe 1 3 2.- 120, 108, 132 VAC R1

'
_

S7 57 Hertz 1Frequency 57 s7,

Current eW o.g5- i. / / Record
~

Record Glow Plug
Temperature / s2 4:, /(.4 g 19B| See Para. 1.1

Record Case Temperature go g.o eo Record
_

Energize with the
Following: *

Voltage 11 o /o 8 13 2. 120, 108, 132 VAC R1
Frequency c., 3 63 __p3 63 Hertz _[_

<. Current o, f/ ,_o . B f / rpJ Record
Record Slow Plug

Temperature /Bf [ i s. r-a J TW See Para. 1.1
Record Case Temperature so so 80 Record

Insolation Resistance
Record Voltage Applied > /AoM 500 Volts,

Record Insulation Resistance > 50 Megohy_s,,,_O Functional within Acceptable Limits Tested By d u e f-
es W

N,/ A Reviewed By //J[M_/R0A No.
- ~

t

~ - - - - "
_ - _ . = _ _ _ _ _ . _ - _ - -
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RADIATION TEST

3.0 The requirements and procedures for irradiation of the Hydrogen Ignitor
'

Assembly are described in the following paragraphs,

3.1 Test Requirement *

The Hydrogen Ignitor test samples (1609-001-000-002 & 1609-001-000-001) R1

5 shall be exposed to a Cobalt 60 source of gamma radiatior to a total |
7accumulated dose of 5.0 x 10 rads (air equivalent). The test samples |

shall also be exposed to a source of beta radiation to a total |

accumulated dose of 1.1 x 109 Rads (air equivalent). These doses are |

tv based upon the normally expected radiation exposure over the equipment |

qualified life, plus that associated with the Design Basis Accident, and |

include a 10-percent margin. |

The radiation testing will be subcontracted to a CCL-approved radiation'

facility.

|

After completion of the Radiation Test, the Hydrogen Ignitor Assembly
' shall be functionally tested to verify operability in accordance with CCL

Test Procedure 1609-1.

1.2 Test Procedure
,

I' The following information shall be supplied by the radiation facility:
a. Description of irradiation chamber or rooms and source, R1

~

b. Identification of the samples by sample nunber or other j

unique identification number, I
|

c. Locatinn of source and distance from test sample, 1
-

,

q
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d. Type dosimetry used and its location from test sample, R1

e. Start and end date of test, |

f. Signature of person performing tne test, |
'

g. Dose rate, |

h. Total accumulated dose (air equivalent), |

i. Calibration due date on dosimetry used, and |

j. Certified test report or letter of certification. |

3.3 Test Results
The test samples were subjected to the radiation test in R2

accordance with the requirements and procedure specifled above. |

Q The letters of certification from Georgia Institute of Technology |

follow this Test Procedure. ]

l

The test samples complied with the radiation test requirements. ,1,

t
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Georgia Institute of Technology
A UNIT OF THE UNIVEASITY SYSTEM OF GEORGIA

O-
SCHOOL OF NUCLEAR ENGINEERING AND HEALTH PHYSICS.

ATLANTA GEORGIA 30332
March 2, 1982'

$g$ 8
we:tvuucsaAa massmcu iAoaies4seoo

N $*g f**" "

#

@f fry 6 p
Corporate Consulting and Development t cP :

P. O. Box 30096'

Raleigh, North CaroIIna 27622

Attention: Mr. Doug Greenwood Reference: 135 486:
Ga. Tec. 3

' Gentlemen:

The items covered by the above number have been irradiated in our
hot cell facility using Cobalt 60 (gamma energies 1.173 Mev,1.332
Mev) to a total dose of 5.0 x 107 rads (air) following an electron
Irradiation to a total dose of 1.18 X 109 rads.

We certify the specifics of the gamma irradiation as follows:

Irradiation periods: Intervals on February 22-26, 1982 as
shown on the enclosed Gamma irradi-
ation Log Sheet

O Dose Rate: 7.146 X 10$ rads / hour (alr)
7Total Dose: 5 0 x 10 rads (air)

Dosimetry: Victoreen Radocon Model 550 Inte-
1 grating / Rate Electrometer System

with Ionization chamber probe.
Calibration by Victoreen traceable'

to NBS Cobalt-60.

Details concerning the electron irradiation are given in the enclosed
' memorandum from Dr. M. V. Davis.

Calculations, a sketch, and photographs of the arrangement are enclosed.
Please let us know if any additional information is needed.

_

Yours truly

1

T. F. Craft, PhD
Senior Research Scientist

TFC:Irm

| Enclosures

t

AN EGUAL EDUC;ATION AND EMPLOYMENT OppostTUNITY INSTITUTION

. . .. . . - - - - ~ = ~ a
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Georgia Institute of Technology

O,\..t
A UNIT OF THE UNIVEASITY SYSTEM OF GECAGiA

/ SCHOOL OF NUCLEAA ENGINEEA:NG AND HEALTH PHYSICS
ATLANTA. GECAGIA 30332vj

g4041894-360C
NEELY NUCLE AA RESE AAC>*

CENTER

(

March 11, 1952

MEMORANnUM
,

.

*

TO: Dr. T. F. Craft

| FROM: Dr. M. V. Davis .

SUBJECT: Electron Irradiation of Hydrogen lgniters
s

lhe igniters were irradiated on all sides by the electron beam from
the Dynamitron located in the Nuclear Engineering Department of the
University of Arizona. The irradiations were performed at five mii-

,O liamps with a beam power of 750 kV. This corresponds to an equivalenti

source at the horn of approximately one megacurie.

3.2 (10)16 electrons /sec incidentAt a beam current of 5 ma there are
on the window. Between the inner side of the window and the geometrical

2 of attenua-center of the space occupied by the sample there is 15 mg/cm
ting material so the beam intensity (of 0.75 MeV particles) is attenua-:t
ted by 50%. At the sample 1.6 (10)6 electrons /sec or 1.2 (10)22 eV/sec
is incident. The dose given to the sample is then calculated to be

t

1.18 (10)' rad.

|t MVD:Irm

,

f

|

't

i

.

|O
|

. (
AN EOwAL EDUCATCN AND EvpLovvENT OppOATUN'Tv fNSTITUTCN

-
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GEORGIA INSTITUTE OF TECHNOLOGY
Nuclear Research Center
900 Atlantic Drive, N.W.
Atlanta, Georgia 30332*

,O (404)894 3608
,

GAMMA IRRADIATION LOG

Client: Corporate Consulting NRC Reference: 212013

7
Reference: 1357 Total Dose: 5.0 x 10

___

ltem: (2) Hydrogen Ignitors Dose Rate:
,

Lapsed Dose Rate Total Dose Cumulative
Start Stop

Hours Rads / hour Rads Dose Rads
2-22-82 2-24-82 5 7 7

1A14 n93n 'Li MAAA 7.146 X 10 2.94 X 10 2.94 X 10
2-24-82 2-25-82'

5 7 7
1626 1610 23.7333 7.146 X 10 1.69 X 10 4.63 X 10

2-26-82 2-26-82
5 6 70830 1340 and 5.1777 7.146 X 10 3,7 x 39 g,o x jo

39 7 hrs

!
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t

THERMAL AGING

2. The requirements and procedures for the Thermal Aging Test are presented
in the following subsections.

2.1 Test Requirements

The sample shall be thermally aged to simulate the environmental aging
effects that occur during its qualified life.

The thermal aging time required to simulate the test sample qualified
life plus a 10% margin (minimum) shall be based upon the activation
energy values of the age sensitive, nonmetallic materials which af fect
the safety-relayed function of the test sample.
The thermal aging temperature, duration of test, and aging condition of
the test sample (energized or not energized) are shown in the attached

'a ppendi x.

4

The temperature chambers used for this test shall comply with the
following requirements.
a. The chamber shall be equipped with a primary and a redundant

| temperature controller.

b. The chamber control thermocouple shall be located at a position that
measures the mean temperature inside the chamber. The chamber

control thermocouple shall be located within 6" of the test samples. R1

! c. Chamber heaters shall be baffled to prevent direct radiation of heat
on the test sample.

*
.

G
$
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1'
d. The chambers shall be equipped with fans of adegaate flow capacity<

to circulate the heated air.

After completion of the thermal aging test, the test sample shall be
functionally tested in accordance with Test Procedure Number 1609-1.

2.2 Test Procedures

The primary test sample shall be installed in the temperature chamber.
The test sample shall be positioned so air may circulate around and
over each sample.

'

,

The specified aging temperature, test sample operating conditions, and
duration of time required for each aging interval are listed in ther

attached Qualified Life Interval sheets.

The chamber temperature shall then be increased to and stablized at the,

required aging time temperature. This tenperature shall be maintained
until the specified aging time is obtained. The test sample shall then

,

be removed from the chamber and a functional test shall be performed to
verify that the test sample will function within its specified

operating requirements. The functional requirement procedures are

j specified in the Test Procedure Number 1609-1.

After completion of the first aging interval, both the primary and the
y|
| spare test sample shall be installed in the temperature chamber and
j procedure repeated. .

.

:

The above procedure shall be repeated until the Aging Days Required
,

m as specified in the attached Qualified Life Interval sheets are
completed.

i

|r,
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<I The spare sample shall be functionally tested before and after thermal
aging or in the event of the prime sample failure. Intermediate
functional testing of the spare sample is not required.

The instrumentation and equipment, along with their ranges and
calibration due dates used in the performance of the thermal aging test
shall be recorded on the attached CCL TF-069-A, B, and C. Thermal R1

aging times shall also be recorded on CCL TF-069-A, B, and C. |

2.3 Test Results R2

The test samples were subjected to the Thermal Aging Test in accordance |

with the requirements and procedures specified above. The Thermal Aging |

Data Sheets for the samples follow this Test Procedure. The chambers |

used for thermal aging and the instrumentation used, range and |
! calibration due dates are listed on the Thermal Aging Data Sheets. |

|

The test samp'es complied with the requirements and procedures specified |,

above. |
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Data Sheet for Thermal Aging

Client Project Number

Oven Number Date Test Started Date Test Completed

1. Test Conditions Required: The following test conditions shall be
monitored and recorded each working day.

A. Chamber Temperature B. Chamber Humidity %RH

o Wet Bulb Temp.

o Dry Bulb Temp.

Instrumentation and Equipment List
Calibration

Item CCL Number Range Due Date

O
G

IN OUT
--

Required
CCL Number Days Date Time By Date Time By

'

<

.-

Remarks Reviewed by _

|

Page _ of _

TF-069 A

1F-067

- . _ _ . __ ________ _-
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SAMPLE DESCRIPTION f "r g [ [ F y
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gHydrogen Ignitor , ,, g .
001-000-002

001-000-001 Hydrogen Ignitor [ [ [ [
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Data Sheet for Thermal Aging '
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Client Power Systems Division Project Number 81-1609

Dven Number J/co? Date Test Started o3 os-B2 Date Test Completed os.ss. g,_

1. Test Conditions Required: The following test conditions shall be'

monitored and recorded each working day.

A. Chamber Temperature //S *c B. Chamber Humidity /I E#'[ %RH

o Wet Bulb Temp. A,//A-

o Dry Bulb Temp. ///4

Instrumentation and Equipment List
! Calibration ,

Item CCL Number Range Due Date
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Data Sheet for Thermal Aging

O Client L,,.8vde 1)/v/r/m Project Number s/- /6o 9'

<

Oven Number #co ? Date Test Started o3.f r.cz Date Test Completed F- #3-82r

1. Test Conditions Required: The following test conditions shall bee

monitored and recorded each working day.

A. Chamber Temperature //S * c. B. Chamber Humidity Al,le,, / %RH

o Wet Bulb Temp. u/#
.

o Dry Bulb Temp. o/a

Instrumentation and Equipment List
Calibration

Item CCL Number Range Due Date
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Oven Number Noo ) Continued: Page 1 of &r

Chamber Temperature Monitoring Log

i Dry Bulb Wet Bulb Humidity
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Data Sheet for Thermal Aging
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Oven Numberfloo n Date Test Started c/-te.g2 Date Test Completed t/._9o.gz
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1. Test Conditions Required: The following test conditions shall be,

monitored and recorded each working day.

A. Chamber Temperature .gr>_2 c B. Chamber Humidity .7 PO __ %RHo

o Wet Bulb Temp. SE c

o Dry Bulb Temp. f'7. f2

Instrumentation and Equipment List-

Calibration
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Data Sheet for Thermal Aging
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Data Sheet for Thermal Aging

Client 7e w #r- 5,54 .r J L :r,ht Project Number R/- /6o 9

Oven Number #co ) Date Test Started 4-fo-gr Date Test Comoleted f.weze

1 1. Test Conditions Required: The following test conditions shall be
monitored and recorded each working day.

/4 %RHA. Chamber Temperature //5 *r . B. Chamber Humidity h

o Wet Bulb Temp. e./A

o Dry Bulb Temp. 4, /4
~/

Instrumentation and Equipment List
Calibration

Item CCL Number Range Due Date
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( Data Sheet for Thermal Aging
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1. Test Conditions Required: The following test conditions shall be
,'- monitored and recorded each working day.

A. Chamber Temperature pf r B. Chamber Humidity N/# %RHo

o Wet Bulb Temp. w/fe
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.O Data Sheet for Thermal Aging
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ISSUE DATE PAGE 1 4 jy_'
Ko er Executive Center

PREPARED sY_ DATE
RaV@ N C 27522F 0E:. Do96 919-732 3441. .

APPROVED SY DATE

TEST PROCEDURE Aernovro ey o&TE-

Q A REVIEW SY _DATE

WEAR AGING

1

4.0 The requirements and procedures for Wear Aging of the R1 !

Hydrogen Ignitors are presented in the following subsections. |
, 1

4.1 Test Requirements

4.1.1 The test samples shall be wear aged to simulate the
number of operating cycles they will experience during R1

their qualified life, plus a minimum margin of ten percent.

p 4.1.? The prime test sainple (1609-001-000-002) shall be R1

cycled a total of 572 cycles (minimum). The spare test j

sample (1609-001-000-001) shall be cycled a total of |

286 cycles (minimum). A Cycle shall consist of |

energizing the transformer with 120 VAC and allowing |
'

the glow plug temperature to increase to a minimun of |

1700 F and then de-energizing the transformer and |

allowing the glow plug temperature to decrease to 100"F |

+ 100 F, -0*F. ]
',

4.1.3 After completion of the wear aging cycling, the test
samples shall be subjected to a functional test in

accordance with the requirements and procedures
' specified in Test Procedure Number 1609-1.

~
-

*
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,f[ ) Corporate Consulting
1609-4, Rev. 2M AM & Development Company, Ltd. PRocCDURE No

0" I '80I F
Koger Executive Center

PREPARED SY DATE
Raw N C 27622POCon 3:096 9 9 762-3441*.

APPROVED BY DATE ,

TEST PROCEDURE APPRovt0 sY DATE

Q A REVIEW BY DATE

4.2 Test Procedures
R1

1

|-

4.2.1 The test samples shall be electrically connected and |

instrumented as shown in the attached schem, tic. The timing |

device shown in the schematic shall be set to energize and |

de-energize the ignitor. The on/off times shall be adjusted |

so that the gl~ w plug temperature cycles within the required |o

values. The test samples shall be cycled to the number of |

cycles required in Section 4.1, with data recorded on the |

attached data sheets. |-

4.2.2 After completion of the wear aging test, the test samples R1

shall be subjected to a functional test as specified in Test |

Procedure 1609-1. |

4.3 Test Results R2

The test samples were electrically cycled in accordance with the
requirements and procedures specified above. The Data Sheets fort

Wear Aging folicw this test procedure.

The test samples complied with the requirements and procedures
specified above.i

.
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PREPARto SY_ DATE
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APPRovtD SY OATE

TEST PROCEDURE AreRovto SY sattm
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.

Test Procedure 1609-4

Data Sheets for Wear Aging of
Hydrogen Ignitor Assemblies

Client Power Systems Division Project No. 81 1609

Dates of Test

Instrument and Equipment List

Item CCL No. Range Calibration Due Date

n - ....... .. ..._. . .

V Test Parameter Record Requirements

Sample No. 1609-

001 000-002 001 000-001

Input Voltage 120 VAC 2 5%
, i

Maximum Temperature 1700'F minimun

Minimum Temperature 100'F + 100*F, .0*F

Record Counter reading Zero or initial reading

Rec.ord number of cycles N/A Final counter reading
|5 at end of 20 year

equivalent cycling N/A 286 cycles minimun

Record number of cycles N/A Final counter rea11ng
at end of 40 year
equivalent cycling N/A 592 cycles minimun

'- Functional within Acceptable Limits
1

Sample 1609-001-000 002 Yes

No [ ROA No.

Sample 1609-001-000-001 Yes

No [ R0A No.

Tested by Reviewed by

i lt
-

1F-067

. . . _ - _ - _ _ _ . _ _ - _ - _ _ _ - _ _
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Test Procedure 1609-4

Data Sheets for Wear Aging of
Hydrogen Ignitor Assemblies

Client Power Systems Division Project No. 81-1609

Dates of Test 3 -. S /- B7.

Instrument and Equipment List

Item CCL No. Range Calibration Due Date
,

FMe malev- eco 8 T , - i e- e n

b kt w m ct & COS~ o -Dec v H c I2- //- sr 7 -

- . = - - -. _._ .--

Test Parameter Record Requirements

Sample No. 1609-
' 001-000-002 001-000-001

| Input Voltage /S o /s. O 120 VAC * 5%

Maximum Temperature / // t/_f / 9 3 77 1700*F minimum

Minimun Temperature / S.o // e 100*F + 100*F, -0*F-

Record Counter reading 3fB Psc/ 3p9a7p Zero oi initial reading

| Record number of cycles N/A g r9 n s, Final counter reading
h at end of 20 year
; eqaivalent cycling N/A 2 o(. 286 cycles minimum

| Record number of cycles 3S? S7 f, N/A Final counter reading
at end of 40 year
equivalent cycling $ 91, N/A 592 cycles minimum

'
-- . _ _ - _ _ - . - ------ _

Functional within Acceptable Limits

Sample 1609-001-000-002 Yes /'

No R0A No. N/# -

i

Sample 160 01-000-001 Yes 7 f

O. No ROA No. N/// j

Tested bv Reviewed by # fyJ fM,.m

' ' l fp|gt' ''

-<

,
- . - . ......_.. ...,_... . .m. ,.7,.. .
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1. QUALIFICATION RESULTS CERTIFICATION AND SUMMARY

k SDRC Report No. 10824-3 Voluraa 1 of 1 Revision Number 0 Date 6/15/82
i

| SDRC Project No. 10824-3 Dates from _ 5/26/82 to 5/26/82

''

! Customer: Corporate Consulting & Development Customer P.O. Number 1331

Company, Ltd.
'

Address: P.O. BOX 30096

Raleigh, North Carolina 27622
_ _ _

l
I

,

Test Specimen (s) Two Hydrogen Igniter Assemblies
*

j
I

l
; .

Manufacturer Power Systems - A Morrison-Knudsen Division

i 101 Gelo Road

I P.O. Box 192C
'

Rocky Mount, North Carolina 27801
,

The test levels meet or exceed the Required Response Spectra. Both test

I items passed all structural acceptance criteria. Operability was performed
! by CCL personnel and will be reported by CCL under separate cover.

1

Prepared by: r- --

Ant ny T. W61fer, Test
'

| * * ' * * " ' *A
Reviewed by: Ga7 ,. Pafujck, SeProi anager I hereby certify that the test specimen (s) have

Reviewed by: N ). g been qualified in full acco.-dance with the
Customers Purchase Order and is qualified to

Gary T. Popp A. Engineer L41
with:tartd without loss of those functions and/or

Approved by: [MM I /Nw structural integrity for the seismic condition

f
Edward L. Peterson, PE, Technical Director-Testing provided in the Purchaser's Specification as

presented to SDRC. The test has been super-
( vised and reviewed by me.

Signature [-

NAME AND LOCATION OF TEST FACILITY
Registration P.E. Number E104507

STRUCTUR AL DYN AMICS RESEARCH CORPOR ATION State of Ohio

2000 EASTMAN DRIVE'

Date L 'I w I w - F a- P.E. StampMILFORD, OHIO 45150
.

(513) 576 2400

Structural Dynamics R e s e arc h C o r p o r atio n,

i

. _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _
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1. Name of item:

i, item No.1 - Hydrogen Igniter Assembly
item No. 2 - Hydrogen Igniter Assembly

,

2. Customer's part number:
e

item No. 1 - 1609-1-0-1

Item No. 2 - 1609-1-0-2

h 3. Manufacturer's model number:
a

'
Item No.1 - PSD Ref. Drawing 6043C02001

| Item No. 2 - PSD Ref. Drawing 6043C02001
.

4. Manufacturer's serial number:,

1

N/A

j 5. Test date:
i

5/26/82
*

,

1 - 6. Specification number and source:

Supphed by CCLr

'l.
7. Specification class or seismic category:

| Class 1E

8. Spectrum curves used (R RS's) and sources:

r See Section Ill.1

9. Number of orientations:

|t
10. Number of tests / orientations:

I'
l. 1 SRV 30 min.

'

! 5 OBE
'

1 SSE plue SRV plus LOCA

.O
't,

f

| Structural Dynamics R e s e arc h C o rpo ration

|
. _ _ _ _ . . - - . . - - _ . - - .- ..
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(

11. Equipment is: stock , or special

.

'.

.

12. Equipment qualified by: analysis , test v , combination

i

| others

, instrumentation13. Equipment is: mechanical , electrical ,

[ 14. Equipment is a: motor _ , pump . fan , panel , switchgear ,

instrument , other (specify) hydrogen igniter'

i

f
15. Schematic and photographs of test setup:

,g
*

See Section Ill.3

1 16. Equipment is located in the N/S' building at elevation N/S' , ard is attached to the:
I floor , wall , ceiling , other (specify)v

.O 17. Summary of resonances located in equipment:
,

'| See Section IV.1
'

t.

.( 18. Damping values used in TRS calculation:

8 SRV 2%'

OBE 2%,

| f' SSE 3%

,(

19. Justification of use of damping values other than as a!! owed in item 6:

'

N/A

20. Description of the testing approach (such as biaxial, triaxial testing, simulated plant operation,

testing frequency range, frequency interval, type of frequency wave from inputs, etc.):

i
L Triaxial random input 1 to 100 Hz

l

i
,

'Not Specified,

i

s

| S tru ctu ral Dynamics Research C o rpo ratio n

._ _ -_.
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21. Method of monitoring and location of monitors:

', Survey accelerometers placed on the hydrogen igniters at locations specified by CCL

22. Statement of equipment function before and after tests:
1

The igniters were operated and monitored by CCL personnel

i 23. Test levels shown to meet or exceed required ris >onse spectra:

j. See Section IV.2

4

24. Mounting of test item as compared to actual mounting:

.
The hydrogen igniters were mounted to duplicate in service mconting as closely as
was practical. See Section 111.3.

t
6

25. Test observers (representatives from customer and/or supplier):

} CCL - Mr. Douglas Greenwood
(

26. Test logs:,
,

4 See Appendix Vll.2

!

t-

f

I

!

.

,

:r.

|

' ;:

r

l'

(
'

!

,O
!
i

'
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ll. INTRODUCTION

This report documents a full scale tri-axis seismic qualification test performed by Structural;

Dynamics Research Corporation for Corporate Consulting and Development Company, Ltd.

~ I Tha items tested were Two Hydrogen Igniter Systems.
' l

This test was conducted at the SDRC* testing laboratory in Milford, Ohio on May 26,1982.

'

Participants in this project are:

- {.
4 Corporate Consulting & Development, Ltd.

Mr. Douglas Greenwood
,

. |:
- t.

SDRC

'i Mr. Gary Patrick

Mr. Thomas Zurmehty

Mr. Anthony Wolfer
;

t
t

t

|.
,

i
i

:

4

s

1-

|:
I

c.

I~
(

,

/ SDRC is a service mark of Structural Dynamics Research Corporation.

i

,

S tru ctu ral Dynamics Research C o r p o ration'
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lit. TEST DESCRIPTION

! 111.1 Required Response Spectra:n (RRS)

The response spectrum was provided by CCL. The horizontal and vertical SRV spectra

are shown in Figures 111.1 and Ill.2. The horizontal and vertical OBE spectra are shown

in Figures Ill.3 and Ill.4. The horizontal and vertical SSE curves are shown in Figures

111.5 and Ill.6.+

l.
Ill.2 Test Signal Generation

i

b The horizontal and vertical input signals wers generated by three random noise signals

shaped by one-third octave digital equalizers The resulting signals are tape recorded

f' for playback to the table. The signals are 30. econds in duration. Figure 111.7 shows

approximately 5 seconds of the horizontal an i vertical time signals.

!

!

!.

I

i ,g
'V
r

i
I

'1

!
l

-

\

f. .
I .

f

i
i

I:
,i-
.

|-:

i

;

\
;

! S tru ctu ral Dynamics R e s e arc h C o rpo ratio n
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( 111.3 Description and Mounting of Test Specimens

{ The mounting of the test specimen simulated the actual in-service mounting as closely

as was practical. The hydrogen igniters were bolted to unistrut which was welded to

,f ; the test fixture. The test fixture was rigidly clamped to the shake table.15/8" x 15/8" x
li 1/4" square washers were placed between the igniters and the unistrut. Each igniter

was mounted with four 3/8"- 16 ASTM A 307 bolts with lock washers. See Figure
I 111.8.
l-

'

lil.4 Test Procedure-

i
|11.4.1 Exploratory Test

I The frequency search was conducted in each principal axis prior to the full level
I' que!ification described in Section 2 below.This search was in the form of a

single axis continuous frequency sweep using a sinusoidal steady state input at
,

' the lowest amplitude capable of determining resonance. This frequency search

was conducted by developing transmissibility plots for point (s) on the test

j specimen. A transmissibility plot is defined as the ratio of motion of a point

on the object divided by the input motion at the base of the item or the ti,ble

on which the item is mounted. Peaks in the transmissibility plot represent the

natural frequencies of the system. Phase angle of the output with respect to the

input is also provided.

Transmissibility function (s) are calculated using Fourier analysis techniques on

a GenRad test system. This technique ratio's the Fourier spectrum of the com-
,

|. ponent response to the Fourier spectrum of the input motion.
i*

| p. The frequency of the input excitation was varied from 1.0 to 100 Hz.

!

li The linear sweep rate was equivalent to two octaves per minute. The sine sweep

was applied in the order of 0.2g to 0.4g.
i

Response accelerometers viere mounted on the specimen as required to record
(, natural frequencies up to 100 Hz.!

!f
_

;' Natural frequencies were determined by the peaks and the phase angle in the '

| |- transmissibility plot.
t

, r
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i

|
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111.4.2 Full Level Qua!ification Test

Simultaneous Excitat on Techniquei
;

'

.

The seismic qualification for the subject equipment was performed by using an

|, independent triaxial random motion simulator. Testing was performed with the
i test items' principal horizontal axis positioned parallel with the test table motion.

? ,

{ Thus, each horizontal axis was excited separately, but simultaneously with the
vertical axis. The horizontal East West, horizontal North South and vertics.

! input accelerations were independent (incoherent) of each other during the
I' multi-frequency test.

n.

! Full Level Qualification Methodology
a

a. The number of tests performed simultaneously in three directions was
! one SRV 30 minute tast, five operating basis earthquake basis (OBE)

levels followed by one safe shutdown earthquake (SSE).

i b. The specimen was subjected to a minimum test duration of 30 seconds.
I for the OBE and SSE tests.

, , c. The test consisted of simultaneous horizontal (N-S and E W) and vertical
* - inputs of continuous random waveform motion over the frequency range

of 1.0 to 100 Hz.,

I
- d. The amplitude of each random waveform motion was independently

adjusted at one-third octave frequency intervals in each axis until the

j TRS envelopes the R RS within the limitations of the test machine.

e. The resulting shake table motion was analyzed and plotted by a digital,

| fourier analyzer using shock response software. This calculation was
'

performed at the appropriate damping value and frequency interval:

Damping value(s): SRV 2%
''

OBE 2%
SSE 3%

l:
< Octave frequency interval: 1/3

| Ill.5 Monitoring instrumentation
f .-

SDRC calibrates all test equipment and instrumentation used in this test program in
I

c accordance with SDRC Ouality Assurance Manual Section 12.001. This procedure is in
'

compliance with 10CFR50 Appendix B, and ANSl/ASME N45.2-1977. Calibrations

; are traceable to the National Bureau of Standards.
!
,

t, S tru ctu ral Dynamics Research C o r p o ratio n
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i
' D 111.5.1 Table Control

! The three control accelerometers were mounted in the egg-crate designed : hake

table plattorm. These accelerometers are located in the approximate center of

the horizontal planes and approximately 3 inches below the table top specimen

interface plane.
,

8
t

' The table control accelerometers were continuously monitored during the test

using a brush recorder.
9'

.

||1.5.2 Survey Accelerometers-

| Three survey accelerometers (one triaxial location) were attached to each

$. hydrogen igniter. See Section IV.I.

I 111.!:.3 Electrical Monitoring

All operation and monitoring was performed and will be reported by CCL

personnel.'
'

Ill.6 Criteria for Test Acceptance,

' The criteria for seismic acceptance or failure of devices will include the following char-

acteristics as applicable during and after testing:

1. No structural damage.

', 2. Igniters must function at specified temperature before, during and after seismic
t events.

.-

|
Is

!

I,

1
I

$

f't

!.

I'
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i
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: . IV. DATA PRESENTATION

IV.1 Transmissibility
,

This section reports the results of the low level swept sine tests. Horizontal and vertical.

j sweeps were run at .2g peak acceleration table input for the three orientations. The
,

linear sweep rate was equivalent to 2 octaves / minute. Transmissibility plots are generated,

| by comparing the output of an accelerometer mounted on a test item to the output of
'I a table reference accelerometer of the same direction.

- Table IV.1 lists accelerometer locations, plot locations and resonant frequencies for the

hydrogen igniters. SD RC documents significant resonances. Significant rer,onances are'

[
defined as those which have an amplification factor of 2 when the table motion is used

I as the reference.

Table IV.1
,

!

Acceleromew' Photo Plot Location Summary of Mejor,

'| Location Number Direction Fig. No. Fig. No. Description Resonances (Hal*

1 IX NS IV.1 V.1 Top of test 78.5, 88.1
'

1 2Y EW IV.1 V.2 itom no.1 33.9,78.5,88.1

i 1 3Z Vert IV.1 V.3 83.2, 92.3

'

2 4X NS IV.1 V.4 Top of test 78.B. 88.1,

( 2 SY E-W IV.1 V.5 item no. 2 33.9, 87.1

2 6Z Vert IV.1 V.6 82.2,92.3~'

1 *These frequencies are cursored approximations at the equipment's resonant frequencies.
1-

ii

1

| |-
|'
,t

l~
l

.

i

I
'

|

|\ Structural Dynamics Research C o rpo ration
:

- - . - - _ _ . __ _ _ _ . _ _ _ _ _ - _ _ _ - - - . - , _



I,

'

13

i

|C
i
i

e
I-.

I.
'

, , - . ,.g . - ~ ~~. ; - --,

. . . . - ' ) . . ' , .
* -

_
+y;. . ;

_ ^

k

-
.

?!. * -: *
. / , , ,

. ig-Cr A3-

'% , Y (E w) Z(vert)
'

. .; m -u ';5

d. =. ~.!, &,._ ,..$.8%~
. c.,y, J, ,g .

..S VW -

,* , .. y' ' .c ,s r n
- g ,' ., ,4 .,.g...

} A' 6
..

;a s.,,- . . . -

. A.g * 4 2
- 9 !- ''

! - : x (N s)-

> .e.,. p. :
.

, '

'.. e. - . , . . :

4 I{.7-.x _ _ _ . g +/5.* * 4

}{{ |hk5hff$$f - Y." " ' " ' ' '

4O Figure IV.1
Accelerometer Mounting Locations

.

t

:

't

, ,

.

:( -

..

!
I

i

i Structural Dynamics Research Corporation



_ . - - _ __. .

.

4

1
'

20

i O IV.2 Test Response Spectra (TRS)(,
The test response spectra for the varloes OBE levels and SSE levels ar3 presented in"

i
'

Section VI.

f*

!. Test no. 4 TRS enveloped the SRV R RS in all three axes.

e

Test nos. 5 through 9 TRS enveloped the OBE RRS in all three axes.

Test nos.10 and 11 did not envelope.
j.
I

Test no.12 TRS enveloped the SSE plus SRV plus LOCA R RS in all three axes.

t
I A representative TRS plot is provided in Figure VI.1 as a reference.li

i
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; V. 1 HANSPISSIBILITY DATA
,

.

|
The data presented in this section is from the resonance search. See Section IV.1 for details. )'
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VI. TEST RESPONSE SPECTRA PLOTS

i

VI.1 Table Controls

The table control TRS are presented as follows:

Test Number Description Pages
'

i 4 SRV 2% 27 _ 29
5 30 - 44

5-9 OBE 1-5 2%
45 - 50

10 - 11 SSE 1-2 3%,

[
Tests nos.10 and 11 TRS did not envelope the SSE

; plus SRV plus LOCA RRS

|- 12 SSE 3 3% 51 - 53

(

VI.2 Survey Accelerometers

i The TRS for the survey accelerometers are presented as follows:
|

l
i

I Description Pages

OBE 2% 54 - 59
i
I- SSE 3% 60 - 65

1
'

;

1

i

|
i:
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Computer data acquisition channel
i

i 2PA peak time history acceleration
Iog-log display
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:
.

|
ii

. M-!!/bs!26.e4 .
. .

| |
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-

. .- w
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v|J "] Bars are
~| Y7~~# |'!i I .iiii g pro,;e ,e ,tthe

i iii e o + u : -

J. I I IIII / I ! ! I
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I
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/ / -
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[, peak shock !_
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i i i e i
- '

/ i t i t

i f

I IA I I I I I
' ' e.20s '

0. 3'?! LOG 19 FREQ
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, I ? a t D:rP1 c.s ACC
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.i
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|

f

Free Amel Free Ame! Free Ame l -- _ shock response (peak g's)

O.58 8.11 2.51 18.76 12.59 12.76.

'

0.63 0.19 3.16 11.44 15.85 13.88
8.79 9.51 3.98 11.19 19.95 8.94
1.00 1.47 5.01 12.77 25.12 8.06,

l- 1.26 2.76 6.31 11.26 31.62 6.30'

1.53 4.30 7.94 10.33 39.81 5.76

i 2.06 6.89- 10.99 16.05
;

I

t-

1,: Figure VI.1
TRS Descriptioni
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? 1.58 0.61 7.94 1.02 39.81 0.44-

2.00 0.76 10.00 0.62 50.12 0.48

2.51 0.81 12.59 0.40 63.10 1.48*
,

3.16 0.98 15.85 a.44 79.43 0.97

( 3.98 0.62 19.95 0.48 100.00 0.70
_ L _ D A tif E N G _7 _'CCELEROMETyR 6i'

Nf.JU" LOCATIONDIFECTION
.3_O B E _I_ _..ESE ____ SRV _ .T:.ST t

sIAX____ H-E_ E-W_ __ TRIA'/_*

! JOMTROL __,_ __ SURVEY _ _ _ _ .

'

p
,

t t

I

4

}.;

a

|

:
\

S

\
.p

._ _



I 45

O
b

i

CHANNEL - A ZPA= 3.66GPK's

; , , . 3
: !i20.00 i ,i; 7

1 _sw I
.c ~

I. '
'

y - p ,
n

'

!
/ i

i
.; /

.

!. '
y

. , 't ' '

ACC G"S >
i

/ }
'

'n ' /!
,

-

'

r

l
! !

0.200 100.0LOG 10 FREQ1.000
3.0 % DAMP ABS ACC.

SHOCK RESPONSE
26 MAY-82 HYDROGEN IGNITOR SSE 1

1/3 OCTAUE HAXI-MAX
0!I21:30

i

)
. Free Ampi Free Aspi Free Aeol

1.00 1.01 5.01 5.91 25.12 11.72'

1.26 1.29 6.31 6.35 31.62 10.44
1.59 2.27 7.94 4.99 39.81 11.84

. ? 2.00 5.44 10.00 6.55 50.12 10.43
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CHANNEL - C 2PA= 2.40GPK

7 20.00 3 , .

1

,

i i, | |- ._

1
-NA w.

,

'O"
. . ;i

A
) i i / i ws
g 1V i ! ! | i

| ACC G'S ./
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/

0.200
1.000 LOG 10 FREQ 100.0

SHOCK RESPONSE 3.0 % DAMP ABS ACCI 16-JUN-82 HYDROGEN IGNITOR TEST SSE 2 1/3 OCTAVE MAXI-MAX
14:07:50s._

Free Ampi Free Aeol Free Aeol
.

1.00 8.25 5.01 3.44 25.12 10.23
1.26 0.23 6.31 5.28 31.62 9.53

? 1.58 0.23 7.94 3.81 39.81 8.37e

r 2.00 0.46 10.00 6'.10 50.12 5.12
4 2.51 1,66 12.59 5.98 63.10 4.02

3.16 2.30 15.85 7.23 79.43 3.26
3.98 2 17 19.95 10.63 100.00 3.66

I %CCELEROMETER 5- L -_ DAMPIiiG 3-
DIRECTIGil N E - GCAT, TON ---- -

---. 3SE M- EFVTEST Il.1 GBE
__ E-U--- TRIAX d -

---[S
H-BIAY

- SURVEY
| 20 HT F.0L ------ -

'

O

.

.
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|I
'

F
't.
*~ .,O;!

l

V'
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CHANNEL - A 2PA= 3.61GPK

7 20.00 :

i i
_i

' '-'

y -d ; ym-
| ;'".

,/ . r- ,-
! iACC G'S '

|- .

1 -

1
0.200

| 1.000 LOG 10 FREQ 100.0

16-JUN-82 SHOCK RESPONSE 3.0 *4 DAMP ABS ACC-

14:10:10 HYDROGEN IGNITOR SSE 3 1/3 OCTAVE MAXI-MAX

i Free Amot Free Aeol Free Ampi
1.00 1.01 5.01 6.13 25.12 10.69

P 1.26 1.30 6.31 6.06 31.62 10.47

/(
1.50 2.32 7.94 4.60 39.01 11.01

? 2.00 5.40 10.00 5.86 50.12 10.18'

2.51 6.77 12.59 6.80 63.10 18.10
3.16 6.07 15.85 5.98 79.43 7.96

.

I 3.98 4.91 19.95 8.57 100.00 6.93
'CCELEROMETr t _1 __ DAMFliiG 3
DIRECTION.I$R6____ LCCATICa4

i
i

j
TEST ! L OPE ____SSE __d SRV _
BIAX__ _ N-S
:0wiR0t ___ Z _

E-W____
TRIAX___ _______ survey

'|

I

J, ,

i
F
's

!
-U
j

.

I

_ _ _ _ - - _ - - _ _ - _ - _ _
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I, CHANNEL - B 2PA= 3.55GPK

g 7 20.00 . ,

t ! . !
f m,.

N'
-

'' "
,__ - ~ ; / N ,

J
/ i

/ ! !ACC G'S
/
r

I
\

i
g 0.200
P, 1.000 LOG 10'FREQ 100.0

26-MAY 22 SHOCK RESPONSE 3.0 % DAMP ABS ACC
y 01:40 1g HYDROGEN IGNITOR SSE 3 1/3 OCTAVE MAXI-MAX

Free Aeol Free Aeol Free Ampi
1.00 1.37 5.01 6.11 25.12 12.14
1.26 1.48 6.31 5.25 31.62 12.28

? 1.58 2.20 7.94 5.91 39.81 11.80
2.00 5.31 10.00 5.9* 50.12 10.85

I O 2.51 5.35 12.59 7.92 63.10 9.11'
\ 3.16 5.72 15.85 8.81 79.43 7.04

6 3.98 4.72 19.95 11.06 100.00 6.16

ACCELEROMETER 5 _[._._ DAMPING .3 _
DIRECTION __Erlat__ LOCATlGi8
TEST 4 J1GE E _ ___5 SE _V_ _ 5RV
S I A X _ _ _ _ ii- S _ ._ _ _ E - W _ _ _ _ TRIAX_d__
CONTROL _./____ SM VEY _ _____

s

i
I

..

I
1

t

,

i

b

. _ .
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!' CHANNEL - C 2PA= 2.41GPK

es 20.00 .
. . .

T
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'
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/ i

.
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,

e . ;'_-

_

i" ~~ i \ i/i

i ./~./ \. /

ACC' G"S
I ! ! ! IY ! # I ! !'

i ; 7
!/g#h, /

|,' '

,
r

r

0.200
i 1.000 LOG 10'FREQ 100.d

SHOCK RESPONSE 3.0 *4 DAMP ABS ACC
16-JUN-82 HYDROGEN IGNITOR SSE 3 1/3 OCTAVE MAXI-MAX
14:12:20

.

1

I
Free Aapi Free Aapi Free Ampi

1.00 0.37 5.01 1.50 25.12 4.57
fg 1.26 0.53 6.31 1.47 31.62 5.20

), (' )} 1.58 0.72 7.94 1.84 39.81 2.34
? 2.00 0.93 10.00 2.20 50.12 3.68

2.51 0.75 12.59 3.66 63.10 5.79
1 3.16 1.06 15.85 3.19 79.43 15.00
6 3.98 1.25 19.95 4.31 100.00 16.45

ACCELEROMET R 1 _2 _ _ I: A M P I N C- 3
( DIRECTION _ RT_" _ _ L O C A Tj* 0 N _______

| TEST 4 l? 0BE ____SSE _V- _ _ 5;V - -

t BIAX____ N-S .__ E-lJ____ TRIA''-

CONTR0' .____ SURVEY _ - _ _ - -

F,
1

|
|

L

: ..
|
|

|!
|I.
!
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I .

tv
i

i
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(, CHANNEL - A ZPA= 1.23GPK:

7 5.000 1

---\ . i W: !
e e

/ Ne'i \ | ij%

p' N ., j%_ 'd ^
'

2/ I3-

ACC G'S _

!
.

i i
'

.

!

_

!

! j !

i
,

- i

Lil'
1.000 LOG 10 FREQ 100.0

,

SHOCK RESPONSE 2.0 */. DAMP ABS ACC
16-JUN-82 HYDRO IGNITOR OBE 5 SURUEY 1/3 OCTAUE MAXI-MAX*

<

14:36:20

Free Aeol Free Aeol Free Aspl

1.00 0.83 5.01 2.80 25.12 1.36
1.26 1.29 6.31 2.65 31.62 1.61
1.58 1.63 7.94 3.66 39.81 1.44

|O ? 2.00 3.68 10.00 1.81 50.12 1.46*

2.51 3.61 12.59 1.46 63.16 1.70-

3.16 3.85 15.85 1.37 79.43 2.50
3.98 2.24 19.95 1,29 100.00 2.25

ACCELEROMETER E _W __ DAMPliiG 1 _
DIRECTIpa _ N_-1 uGC A T I O!4 __l..__.,.

TEST 4 _9._0 B E d____S S E _ _ _ _ S R's
PIAX ___ 11-5____ E-W____ TRIAj [._'ti P

CONTROL _________ SURVEY ___Y___._

p.
'

i
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l.
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<
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O
! CHANNEL - B 2PA= 1.56GPK
t '

7 5.000 ,; -
/ % . i i p--

| N 4 -- /

,' % - s'
,

|
ACC C'S r

i i i

i i i i i i

!
_ 1 I I !

>

i 5.000
4 E-02

1.000 LOG 10'FREQ 100.0

'I SHOCK RESPONSE 2.0 :: DAMP ABS ACC16-JUN-82 HYDRO IGNITOR OBE 5 SURVEY 1/3 OCTAVE MAXI-MAX14:38:20

Free Aeol Free Aspi Free Aeol,

1.00 0.52 5.01 2.35 25.12 1.36
1'.26 1.09 6.31 2.55 31.62 1.36

,' ? 1.58 1.44 7.94 2.43 39.81 1.38
2.00 3.75 10.00 1.35 5'4.12 1.76

| s' 2.51 3.59 12.59 1.48 63.10 3,65

3.16 3.24 15.05 1.52 79.43 3.61
3.98 2.46 19.95 1.54 100.00 4.83;

N _
DA14 PING 1_,|- .CCELERahETEF 4

_ OCATION __.l____

_ E_~h _S S E _. _ _ F R A G % _ _!_--
aTRECTInN

'| TESTl_9 OBE.V
N-S____ E-W____ TRI,A/'>

6 91 Ay ..
'

1riN T R O L ~____-___ SURVEY ___Y____

.

!

<

.

; o
t

i

I



.

:

It 56

I

|bs
| CHAHf4EL - A ZPA= 0 50GPK

7 5.000 i i ,i
i i

i | /

-

. , _ _ -' N, s q :
'

ACC G"S / ' " +"\ _.- /~- N/
..
/ i i i v i ! i i

: j-
-

i i- r
~

;,

.

5.000 , i

E-02 i

1.000 LOG 10'FREQ 100'.0
,

16-JUN-82 SHOCK RESPONSE 2.0 *4 DAMP ABS ACC
14:47:30 HYDRO 1GNITOR OBE 5 SURVEY 1/3 OCTAVE MAX 1-MAX

.:
'I
'I Free Amol Free Aapi Free Ampi

1.00 0.37 5.01 0.80 25.12 0.66
1.26 0.49 6.31 0.71 31.62 0.63

Ci ?\ 1.58 0.59 7.94 0.89 39.91 0.50
'i 2.00 0.74 10.00 0.62 50.12 0.71

2.51 0.84 12.59 0.42 63.10 1.90
3.16 1.05 15.85 0.50 79.43 2.14

| 3.98 0.69 19.95 0.54 100.00 3.13
'CCELEP0 METER I .37 _ E A M P I !4 G .2. _'I <

DIRECTION _YSST"__ LOC ATION __I___ _

.' | TESTt_3__ OEE_d SSE___ FRAC 4.__
,

SURVEY __I_ 2_
TRI-W1 3IAX_..__ (1-5 ___ E-W____

;qlJTROL ___________

,

|

f.
:

i

1

*

a.

r

*

. . _ _ . _ _.
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CHANNEL - A ZPA= 0.97GPK'

5.000- ? r i ! ! W .; e ! i i/s,

/ TC' \i i / {*

( .' i
; f %'--dY/ {

, _

j'

|

-r - ._._

ACC G"S
-g- i i i i

j i i i i

I dI'
i

.
_

i 5 000UO' . .

100.0
. .

.

| 1.000 LOG 10 FREQ

SHOCK RESPONSE 2.0 */ DAMP ABS ACC
8 16-JUN-82 82 HYDRO IGNITOR OBE 5 SURUEY 1/3 OCTAVE MAXI-MAX/ 14:53:40

i Free Aeol Free Aspi Free Aapi

! 1.00 0.82 5.01 2.73 25.12 1.24
1.26 1.33 6.31 2.57 31.62 1.59

>

1.50 1.51 7.94 3.70 39.81 1.18
? 2.00 3.61 18.00 1.76 50.12 1.13

^ 2.51 3.86 12.59 1.58 63.18 1.47
3.16 3.71 15.85 1.37 79.43 3.74(' 3.98 2.18 19.95 1.28 100.63 1.80

;CCELEROMETEP 1 $.T__ LAMPING 1I__;

OIPECTION M:6.T E S T 1_'2_ _ O B E _ .[L O C A T I O N ..S S E _ _ _ F R A C- % _ _d_
__

1.
'

i4In ____ N-S__ _ E-W____ TRIAX.

2CNTROL _______ _ EURVEY ____Y____t

l
;

'

<

.f

.a
.

<

i
i

_ . _ - _ _ . . .
.



- _ - -

I

! 58

I

'fia
[ CHANNEL _ B 2PA= 2.03GPK

7s 10.00
.

. if
/ N i i / Ni
/

w _W3 j -

e

,

h | |'#~%-~./
.. _. _

| 5
6 i i i i i

i
.-:.,

* 0.100
1.000 LOG 10 FREQ 100.0

,

16-JUN-82 SHOCK RESPONSE 2.0 % DAMP ABS ACC
14:55:50 82 HYDRO IGNif0R OBE 5 SURVEY 1/3 OCTAVE MAXI-MAX

:

}
l Free Aeol Free Aeol Free Ampi

1.00 0.74 5.01 2.42 25.12 1.47
1.26 1.23 6.31 2.84 31.62 1.32g

i ? 1.58 1.41 7.94 2.56 39.81 1.73'

1 2.00 3.99 10.00 1.56 50.12 2.21
2.51 3.87 12.59 1.68 63.10 3.98
3.16 3.50 15.85 1'.74 79.43 3.48

~ .

! 3.98 2.54 19.95 1.44 100.00 6.11
i ACCELEROMETER 4 S Y I;AFPING .7.-

TEST 4_9__ OBE_d _ LOCATION
_2__.--DIRECTION _E -W

''

. f.
SEE___ FRAG %

_[__FIAX____ N-S___ E-W____ TRI
| 20NTROL _________ SURVEY _ _ _ _ _ _ _ - .

!.

!
.t

|I
i

|$
!,

u
,

. . .. _ - _. ._ __ _ . __
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CHAriflEL - C 2PA: 0.59CPK:;
t

t. 5.000
-

, , , ., ,
- -

. . . . .

5

.| --.

? I I, .J#i

'

I 7' 'e '\;
. .

ij
'

,

<| ACC C"S / " \ J' %"
.- ! ! ! i i ;

i i i i

!' j i
: 1
0

E.030
*

02
1.000 LOG 10 FREQ 100'.0

'l

16-JUN-82 SHOCK FESPONSE 2.0 % DAMP ABS ACC'

14:59 30 82 HYDRO IGNITOR OBE 5 SURUEY 1/3 OCTAVE MAXI-MAX
.

,

I. Free Ampi Free Amol Free Ampi
1.00 0.41 5.01 0.65 25.12 0.70
1.26 0.49 6.31 0.75 31.62 0.57

? 1.58 0.57 7.94 1.06 39.81 0.56
- 2.00 0.74 10.00 6.65 50.12 0.63

'' 2.51 0.92 12.59 0.50 63.10 2.07
3.16 0.96 15.85 0.51 79.43 2.41

e 3.98 0.67 19.95 0.57 100.00 3.52

' f ACCELEROMET:9 4 07- D AMP!t!G 7 _.
GIRECTIOil .YE E LOCATIGH _1____

! TECT4_% OBE..[ __SSE_.__ FRAG %_.
!' B I A X. _ _ N -S _ _ E- W --- T R I t 'i _d
3 ?.ONTROL .. ___. SURVEY --__----

I
i

s

't

f

.

t
. , .

- . . -. - -
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' CHANNEL - A 2PA= 11.51GPK

7 200.0,

; ,

-
- a. -

1&'

I[i
'

; i + i i ./

l i i i i i ? ii/- !

I ! ! I ! !
ACC G"S V

,

",/)2)-
$

^'

j 7'- \.y . .j-

/ i

I
2.000

! 1.000 LOG 10'FREQ 100.0

SHOCK RESPONSE 3.0 % DAMP ABS ACC16-JUN-82 HYDRO IGNITOR 3 SSE SURUEY 1/3 OCTAVE MAXI-MAX15:24:50

.

Free Ampt Free Ampi Free Ampi
1.00 0.96 5.01 5.91 25.12 12.12
1.26 1.36 6.31 5.67 31.62 14.63

0 1.58 2.24 7.94 4.47 39.81 13.94
,,

7 2.00 4.93 10.00 5.69 50.12 17.31
6

2.51 6.39 12.59 6.91 63.10 29.17
3.16 5.78 15.85 6.05 79.43 104.63
3.98 4.47 19.95 8.34 100.00 31.33

:
3-

_h_"k___ LOCA3 X__ DAhPINC k ___
;CCELEROMET:: 1'

fESTl.12 _ OBE___ SSE /. TION
DIRECTION -

,

F R A G ". _ _/_- -t-
T R I @'/ -i 6 tax __ _ N-3..___ E-W____ f

CONTROL S U R '.'E Y .___Y_____________

i

I

..

f

|
I

4

.

.__ , . ._ . - . _ . , , - - -
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I CHANiiEL - B ZPA= 11.65GPK

i7 100.0 -*
_.,
-

( H+
if

'
I j.
i
I. A

ACC G"S ! f i N/ !

I' .,~ , ? I
-

..

f . r i

_

~
/ n

!

1.000 |

't 1.000 LOG 10 FREQ 100.0

16-JUN-82 SHOCK RESPONSE 3 0 % DAMP ABS ACC
15:26:50 HYDRO IGNITOR 3 SSE SURUEY 1/3 OCTAVE MAXI-HAX

i
'

Free Aeol Free Amol Free Abol
1.00 0.74 5.01 6.59 25.12 13.23

; O, 1.26 1.23 6.31 5.53 31.62 12.72
? 1.58 2.00 7.94 '6.99 39.81 9.11

2.00 5.23 10.00 6.45 50.12 13.12
1 2.51 5.49 12.59 9.86 63.10 17.08

! {i .
3.16 5.64 15.85 11.09 79.43 67.92

. 3.98 4.85 19.95 13.40 100.00 84.82

SIRECTION _%-V/__ D__ Dat! PING O_.
;CCELEPGMETER i_

I_ LOCfiTIGli?

-! TESTl_l.1_ obr cce.M. CRAG:.__
L RIAX_.__ lt-S____ E-W____ TRIA? d_f

20NTROL .._____.___ EURVEY V

h'
1

|

't

i

,~
i.

4

. - . ._ _ .
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|, CHANNEL - A ZPA= 10.51GPK

!I 100.0 .

t .-

.- f^,
'(, '

i/i. :g. .

.

!

.[ ACC G"S 3
/; i

;,- ,_j'

.|. . / v ii
; y -

.

W i
: _, e .

!/ ! !

1.000 M i i

1.000 L'0G10'FREQ 100.0

SHOCK RESPONSE 3.0 */. DAMP ABS ACC
l - 15IjUN-82 HYDR 0 1GNITOR 3 SSE SURUEY 1/3 OCTAVE MAXI '1AX16

43 50
.

'

,

i Free Ampi Free Ampi Free Ampi

1.00 0.35 5.01 1.62 25.12 6.56
1.26 0.50 6.31 1.75 31.62 6.40

? 1.58 0.73 7.94 2.03 39.81 4.32
'.

~
2.00 0.91 10.00 2.48 50.12 5.86
2.51 0.90 12.59 4.05 63.10 10.41;
3.16 1.19 15.85 3.44 79.43 48.32,

3.98 1.15 19.95 4.94 100.00 75.74

f ACCELEROMETER i .3"Z DAMRING 3_
DIRECTION _Y M __ LOCT E ST 1_l2,, _ OP E _ _ _ S S E _ .[A T I G H _ .L _ _ _

''

FRAG";_

RIAx____ N-S____ E-u.___ TRI 2_,

|
: ncHTRat ___ _____ SURVEY ___ _ _ _ _

.

5

(.'
J

t

; o
<

_ _ _ - __ _. . . . .- ._. ._ ._
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j CHANNEL. - A ZPA= 11.50CPK

7 200.0 , ;

p i !

N-
|

-

-/ A'

''t ? i i i ./
,1 __ _

i ! iie i !
.

j i/i

I I I ! !!I !/ I !i- ACC G"S
'

..r7,
s. j

f ,c -

/
-

x.-~ ./

) .I' % f;""

/

J2.eee
1.000 LOG 10'FREQ 100.0

i

16-JUN-82 SHOCK RESPONSE 3.0 % DAMP ABS ACC
15:13:16 82 HYDRO IGNITOR 3 SSE SURUEY 1/3 OCTAVE MAXI-MAX

i

Free Amol Free Anol Free Aeol
1.00 0.86 5.01 5.76 25.12 11.89
1.26 1.26 6.31 5.72 31.62 15.00

) ? 1.58 2.14 7.94 4.34 39.81 13.61
2.00 5.01 10.00 5.66 50.12 17.70, .

2.51 6.47 12.59 6.66 63.10 28.27
3.16 5.64 15.85 6.21 79.43 102.46

| 3.98 4.67 19.95 8.26 100.00 54.12
I ACCELEROPETER 9 M __ DAttFING 3.

DIRECTION _ Y _- N _ L O C ' T I D H _ 1 _
,

TESTI.12._ OBE___ SSE_
FRAG *. [_| TRI

_ 2' ' : ._. _ _
t si.y __ N-s _ _ F-W____
'

coura0t Sus.vey_________

,

L

l'
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t !
6

l'

1

: o

i
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CHANNEL - B 2PA= 11.06FoK
,

t 100.0 .,

- :+.___,

{~ ' g:.h .
,I, i if

~

I /t
._._

, f

Il /\ [ACC G"S
:y- +-m

we r- m;
.; / i>

/ i i-

/ I i i

1.000
1.000 LOG 10'FREQ 100.0

' 16-JUN-82 SHOCK RESPONSE 3.9 % DAMP ABS ACC
15:15:20 82 HYDRO IGNITOR 3 SSE SURUEY 1/3 OCTAVE MAXI-MAX

:
'I Free Aeol Free Aspi Free Amol

1.00 e 90 5.01 6.52 25.12 11.66
1.26 1.36 6.31 5.44 31.62 10.81

? 1.58 2.13 7.94 6.85 39.81 8.39
(m) ?.00 5.19 10.00 6.52 50.12 10.67,

ti s) 2.51 5.50 12.59 9.01 63.10 15.41
1 3.16 5.54 15.85 10.71 79.43 52.49
l, 3.98 4.99 19.95 13.45 100.00 95.95

.5 Y__ Dane:Ns J _,i ACCELEROMETER 4
019 Er.T T ON _?r%l._ LO^'TIGN _4.___

'

rESTt_l?.. OBE___ SSE_ _ F R A G .'' _ _ . ,

;|- ErAx. __ N-s ___ E-W____ TFIA). _
't CO.1T3 0L _. _____ SURVEV _Y
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CHANNEL - C 2PA= 7.84GPK
'

? 100.0.

;y
-| J'
'

| |:

t. j
f\ |

!
~,.

|t ACC G'S .

,;
.

: ,7

J/ \J./ +
I;. i i, . , ,

i s--/
,

! !./
-

! 1.000
.i

I' 1.000 LOG 10 FREQ 100.0

4 16-JUN-82 SHOCK RESPONSE 3.0 *4 DAMP ABS ACC
15:17:30 82 HYDRO IGNITOR 3 SSE SURUEY 1/3 OCTAVE MAXI-MAX

Free Ampi Free * Aeol Free Aeol
1.00 0.35 5.01 1.30 25.12 5.94
1.26 0.57 6.31 1.44 31.62 7.17

? 1.58 0.69 7.94 1.73 39.81 4.37

O.
.

2.00 0.86 10.00 2.26 50.12 6.04
2.51 0.98 12.59 3.41 63.10 10.82

,

3.16 1.18 15.85 3.22 79.43 46.64
3.96 1.28 19.95 4.46 100.00 59.43

ACCEL.ERnMETFR 1 62.7 _ DA:1 PING 3 ._
'

-

ni;ECTION MfAT"___ LOC) TION _ 2____
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20HTROL _ ___ ___ SUP'.:EY _. ___',
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Vll. APPENDICES

Vll.1 Appendix A - Purchase Order and Seismic Test Plan
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7 r l ' 7 - I .-- - AND DEVELOPMENT COMPANY, LTD.
''

. .
'' '' '' '* I'

,

Post OFFICE Box 30o96 * RALEIGH, NORTH CAROUNA 27612'

| PHONE 919/782-3441 |
;0 ,

p$PO j

J SHIP TO:SELLER: ,

'

-1 *
SDRC Corporate Consulting & Dev. Co., Ltd.
2000 Eastman Drive - P. O. Box 30096

! Milford, Ohio 45150 Raleigh, N.C. 27622
**

I. 1

l' d ATTENTION: DOUGLAS GREENWOOD
*

'

t

\'

SELLER: THIS PURCHASE ORDER NUMBER MUST
[- 1331! By aurreame. .elier aareet tu conditions tweeon. lavoice in triplicate unless APPEAR ON ALL INVOICES. SHIPPINc

xherwi=e gmilied. PAPERS. PACK ACES. AND CORRESPONDENCE.e

,s o. .. DATE REQUIRED SHIP VIA TT M5 a DL.DATE

Shipping Point * Week of 2/22/82 UPS Net 30 days. 9/30/81-.

UNE NET UNIT PRICE AMOUNT /
NO. QUANTITY DESCRIPTION AFTER DISCOUNT EXTENDED PRICE.

-

1 LS Seismic Tri-Axial Qualification test, including>

SRV loads, of a-Nydrogen Ignitor Assembly per
SDRC Propos 1082LJ Price valid for work )
implemented y 5/31/82 per SDRC proposal.

.

;i QUALITY ASSURANCE LEVEL I

REFERENCE: QA-043 Supplementary instructions,

j attached.

.

.

.\

-

,

M

i

*-true date to be advised
,

l'

I

.i. ii --

NET TOTAL ho oR RtSA E
, , , , , , , , , ,

- ~

i ym m ., y ca..a io .ccr. ~c. St.vicE o De. ~o. io. ~nia. c-oitcr ~o. DAu nunw

1609Doua Greenwood 5080<

h
..-,-...w..m.... ..-...n

{ CRIGINAL
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SDRC PROPOSAL NUMBER 10824

PROPOSAL

FOR

SElSMIC TR!-AXIAL TEST QUALIFICATION PLAN
OF A HYDROCEN IGNITER SYSTEM

:('
), Prepared

h for

CONSOLIDATED CONTROLS CORPORATION
KOGER EXECUTIVE CENTER

|-
P.O. BOX 30096

RALElGH, NORTH CAROLINA 27612
.

Submitted

by

! STRUCTURAL DYNAMICS RESEARCH CORPORATION
2000 EASTMAN DRIVE
MILFORD, OHIO 45150

JULY 14,1981

i Approved by: D il
2nn A.'kenoricks, P.E.
rogram Manager,

u - I b * * * * *
- Prepared by:

(>-

{ Customer Contact: Mr. Gary'Hugh

Reviewed by: Phone number: 919-782-3441
Garf Pat $
Manager. Seismic Testing Service
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1 1. 0: TEST Pl.AN I

This plan is for the seismic qualification of a Hydrogen Igniter System.
!

.

The test specimen is defined in Table 1.
Is
|' The test specimen will be qualified by seismic testing using the Tri-Axis Seism |c

Simulator Shake Table described in Figure 1. This table is located at the Structural
I Dynamics Research Corporation Laboratory in Milford, Ohio, a suburb of Cincinnati.

Figure 2 is a description of the laboratory.

The control system for each of the |x (3 vertical,2 horizontal N-S and 1 horizontal
E-W) actuators is made up of a dual loop analog controller. The controller provides
a dynamic drive signal proportional to the command for forcc. This proportional
system controls directly the variable of interest (acceleration) . Conventional integralL

systems must process and track control data through two system orders (displacement
and velocity), thereby making system stability much more difficult. The table's geo-
metric design inherently has less table rocking because of the longer ram-actuator
system which provides less pivot angle. The mechanical constraints eliminate the need
for cross axis control feedback loops that typically compensate for test specimen shakei

table dynamic interaction, and out of necessity simultaneously reduce system response.

t
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( :f,
; TABLE 1 ;

Test Specimen Description

:
|;,

1

Items weight is less than 100 pounds. SRV is 30 minutes: 5 OBE followed by a '

.I '

! }.
summary of SRV + LOCA + SSE with the curve provided by CCL.

;
i
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3
4

Figure 1
Description of Test Equipment j

Schematic Diagram of the Test Instrumentation ,

t

I
,.

l

\'

k
a.

1Table Control Accelerometers
i.

No. 2 Horizontal Ezeiter N S

/ /
'

.' .

/ -No. 2 Vertical Exciters

Table No.1 Horizontal Exciter N.S No. 3 .No.1
Test Response Vertical Vertical

Signals Exciter Exciter,

.. s .

| - - - ) I
'

:

-
,

f, MINICOMPUTER HYDRAULIC -Vertical Table input Forces3,

BASED CENTRAL ACTUATOR r' /
A M4orizontal E W Table Input Forcs

CONTROL SYSTEM CONTROLS { "orizontal N-S Table input Forces,
.

j

e
*

I'
I~

TEST RESULTS 3 One Third Octave Shaper .

'

h..
eTransmissibility Plou ,
eTest Response Soectre Plos

3 Channels of a
eTabulated Data Tape Recorder '

( l

3 Rand Noise )

i Generators ;

I

c

_ _
_

_

l

' i ;

.
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:( 2.0: TEST PROCEDURE

.

2.1: Specimen Mounting.,

.\.
8 2.1.1: The mounting of the test specimen will simulate the

actual in-service mounting as closely as practical
or as provided by the customer.

i]t .
2.1. 2: A visual inspection of the specimen shall be made

prior to, during, and after the test. Any failure
:!' or abnormalities in the structural integrity of the:

,' specimen or mounting will be recorded.

'| 2.1. 3: The specimen will be rigidly connected to the shake
table's surface with customer specified commerciallyg

available bolts, nuts and washers.

|'
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2.2: Exploratory Test
,

2. 2.1: The frequency search is conducted in each principal, ,

; axis prior to the full level qualification described in
~! Section 2.3 below. This search is in the form of a
4 1, ingle axis continuous frequency sweep using a sinu-

soidal steady-state input at the lowest possible amplitude
capable of determining resonance. This frequency search,'

is conducted by developing transmissibility plots for
point (s) on the test specimen. A transmissibility plot is
defined as the ratio of motion of a point on the object
divided by the input motion at the base of the item or the
table on which the item is mounted. Peaks in the trans-
missibility plot as well as a corresponding phase shift
represent the natural frequency of the structure.

2. 2. 2: Transmissibility function (s)are calculated using Digital
Fourier Analysis techniques which employ Digital Signal
Processing Theory. This technique ratio's the Fourier.

spectrum of the component response to the Fourier spectrum
of the input motion.?

I
'

2. 3. 3: The frequency of the input excitation shall vary from 1.0 to
100 Hz.

I

i / 2. 3. 4: The sweep rate shall be linear with the rate not to exceed
two octaves per minute. The sine sweep shall be applied
in the order of .02 g to 0.4 g.

,

i'
2. 2. 5: Response accelerometers will be mounted on the specimen

< as required to record any natural frequencies.

2.2.6: It should be noted that due to either the complexity or the
inaccessibility of critical parts (sealed relays, etc.), the

; exploratory test may not ascertain all the critical frequencies.-

Also because of nonlinearities the resonant response at high
acceleration levels may differ in frequency and damping from,

'

that at low acceleration levels. Further, resonant response
may not be excited at all low acceleration levels. Therefore,
a low level exploratory test may not be conclusive as an indi-
cation of either equipment dynamic response or lack of

p: resonances. Generally speaking higher accelerations,such as
t, the SSE time signal, will shift the resonance frequencies lower

' than the indicated values from a .2 to 4 "g" acceleration sweep
level .

Thus, it is recommended that the results of a low level
exploratory search be used for an approximate determination

i of resonances and not be used for dwell tests, etc.

.,

L
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l
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2. 3: Full Level Qualification Test 7
'

2. 3.1: Simultaneous Excitation Technique '

} |

The seismic qualification for the subject equipment will be performed
,

by using an independent tri-axial random motion simulator. Testing will '

, ,
6 be performed with the test items' principal horizontal axes positioned
I parallel with the test table motion,

r

j. Thus, each horizontal axis will be excited separately, but simultaneously
|. with the vertical axis. The Horizontal East-West, Horizontal North-South;

and Vertical input accelerations will be independent (incoherent) of each'

other during the multi-frequency .est.i.

i
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|- 2. 3. 2: Full Level Qualification Methodology

2. 3. 2.1: The SRV load will be applied for a total of,

30 minutes.,

i.

t. 2. 3. 2. 2: Thereafter, the number of the tests performed
simultaneously in three directions will be five.

~ i operating basis earthquake (OBE')llevels
followed by one safe shutdown earthquake (SSE')2,
in addition to these required tests there may be a,

[ need for additional tests, if the test response
spectra (TRS) does not envelope the required
response spectra (RRS) .

I
g 2.3. 2.3: The specimen will be subjected to a minimum test

duration of 30 seconds.
I

2. 3. 2. 4: The test will consist of simultaneous horizontals
(N-S and E-W) and vertical inputs of a continuous
random motion over the frequency range of 1.0 to
100 Hz.;

\
*

2. 3. 2. 5: The amplitude of each random waveform motion
will be independently adjusted at one-third octave

[ frequency intervals in each axis until the TRS
i envelops the RRS within the limitations of the test

machine.
,!

| 2. 3. 2. 6: The resulting shake table motion is analyzed and
plotted by a digital Fourier analyzer using shock
response software. This calculation is performedi

I at the appropriate damping value and frequency
interval:'

|- damping value(s) 2
, ;. octave frequency interval: 1/3
\ <I
' The zero period acceleration (ZPA) of the RRS will

7
| probably be exceeded to meet the spectra peaks.

'

2.3.2.7: The required response spectra provided by the

{ customer is attached.
'

|' NOTES:

(1) OBEl refer to OBE only.

(2) SSE' refers to a summary of the attached envelope of SSE, SRV, LOCA, etc.,
response spectra, see attacnment.'

O
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.1 3. 0: MONITORING INSTRUMENTATION
s.

SDRC calibrates all test equipment and instrumentation used in this test program
in accordance with SDRC Quality Assurance and Operations Manual. This procedure

4.' is in compliance with 10CFR50 Appendix B, and ANSI /ASME N45.2-1977. Calibrations
are traceable to the Natural Bureau of Standards.y

3.1: Table Control
.

The three control accelerometers are mounted in the egg-crate
; | '. designed shake table platform. These accelerometers are located

in the approximate center of the horizontal planes and appecximately
*- 3 inches below the table top specimen interface plane.

The table control accelerometers are brushed recorded. The control
accele ometers are calculated for the TRS at the following damping
values: 2 __

,

3.2: Others

SDRC will provide 6 channels of Brush Recording for CCL use..

:
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|| 4. 0: ACCEPTANCE CRITERIA

l'

CCL to provide acceptance criteria.

.
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5. 0: FINAL REPORT '
;

:'
SDRC will certify that the testing was done in accordance with the accepted !

<

|.
test program, IEEE-344-1975, etc. This report contains:

^ '

QUALIFICATION RESULTS CERTIFICATION AND SUMMARY 'e,

l- e INTRODUCTION
\

e TEST DESCRIPTION.

i-
III .1: Required Response Spectrum (RRS)-

*
- til.2: Test Signal Generation

;- - 111 . 3 : Description and Mounting of Test Specimens

j-
- 111. 4: Test Procedure
- 111 . 5: Monitoring of Specimen Response

' - 111.6: Criteria for Test Acceptr,nce

e DATA PRESENTATION,

.

- IV .1: Transmissibility
- IV.2: Test Response Spectra (TRS)

e APPENDICES
':

I
- V.1: Appendix A - Seismic Test Plan

'

- V.2: Appendix B - SDRC Log Sheet
V.3: Appendix C - Calibration Records of Test Equipment-

- V . 4: Appendix D - Description of SDRC Facility

:, Photographs of the test setup and monitoring equipment are included.

SDRC will provide 10 copies of the final report.

!,
:8
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./ ATTACHMENTS |

! Customer's Recuirement |

1?

||- SDRC Broadband and shifted shake table limits; etc., using random noise as
the signal source follows:

r

t.

t =

I *. I; -- s .awa'

z. z4 f, a wa
S ,,. / { $" '' '

t
u = .|. .

x // r z
e = .- -= 9 = _ -.

Q Cr / - '1
'

4 Or / -
i : i e .. L e.
' / Test soecimen 3 _/ / rest soecimen5,/O ,. Weignt d ,f / weignt
i

u / aooremmareiY u / socronimatory
4 2000 counes < r 2000 counos='-|^ . . . . , . gr . 3.;.e

.

i ,q.or . 3.jp,

' AEQUENCY (Hz) MEQUENCY (Haj

e Approximate Eroadband 1.imits Morizontal E W. Variable TRS Curves. Can be obtained by
( The nonzental N-S and vc.'tical TRS are greater modifying the test signal energy content at the

,! N tnan tne nonzentil E-W. 1/3 octave frequencies. Note the significently,

.

increaseo TRS at 1 and 2*'s camping acove 4 Hz'

(1. 2. & 58% damping is presented)
my lowenng the test signal energy below 4 Hz.;

i This data is from two different cualifications tests.
I

O .O
- -

'

f i ~

im i !

|- sg TMS clottee at g, ,* /
\

'"2% camping=-

/_A_ .
==
znz;

l.
9 t- v s_ 9 ?-
3: 'N ;g .,

_i ws Test soec:cen : i

>'- $/ T we gne $ .. /

d '/ t000 counas O ,,/
U . s000 counca u

" *" _10.900 ocurics
"

i . 4 1. t.p . . .w. ;,.;.3i ; . , . t.p .
.

: mEQUENCY(Ha) mEcufMCY(Hz:

I Test Specimen Weight Effects On System Maximum Acceleration In g's for the Hertzontal
Performance. Note the carallet TRS snifting with E W. The maximum g's for the honz0ntal N-S and

;: identical input signals. This shows the shake vertical are ecual to or greater than the norizontal

|' tacle controls are incependent of the test article E-W.
mounted on the table. RRS curses for larger
items are enveloped merely by increasing system
gain.

'.
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CUSTOMER RRS

Customer to provide a composite curve
|
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APPENDIX G - SU8 MERGENCE TEST PROCEDURE AND RESULTS

i l
s

\
l

,

|,

!
'

|
, 1

|
|

t

!
s

1

J

i
4

. - .. v - . _ _ _ _ __ . =_ ._ _ , , . ._., . ,_, _ _ _ . , - __,, . .__,,, _ , _ _ ., , , , , _ ,, y., . _ . ,



(

[J25L MM & Development Company. Ltd.?) Corporate Consutting
Pno:rount w. 1609-7. Rev. 2

Ko;e* E=ecwt 4 Cemet
-

''EI FO I

5 d::c9e enceamto av navr-aave u c 27e22 9,s rs2 3w- .
,

APPnovto ey DATE

TEST PROCEDURE Apenovro av navr

Q A REVIEW SY- CaTE

f

SUBMERGENCE TEST

7.0 The requirements and procedure for the Submergence Test of the
Hydrogen Ignitor Assembly are described in the following paragraphs..

7.1 Requirements
The Ignitor Assembly shall be tested in accordance with the
procedures specified below. The Ignitor Assembly shall comply with

the following requirements.

The Ignitor Assembly shall be capable of operating during and after
being submerged in demineralized water with the following quality:-

a. Conductivity @ 77"F < 10 pmho/CM

b. Chlorides < 0.5

t c. pH @ 77*F > 5.3, but < 8.3

The Ignitor Assembly glow plug temperature shall be a minimum 1700*F
at 120 VAC, and 132 VAC and 1500 F at 108 VAC.

(

7.2 Procedure
The Ignitor Assembly shall be installed in the test setup shown in
Figure 1 of this procedure.

1
-t

The water temperature shall be increased to and stabilized at 95*F +
~

10*, -0 F. With the Ignitor Assembly de-energized, actuate the air
cylinder,and submerge the assembly. The assembly shall remain

1

Jv

,

1 F-007
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submerced for a minimum of 30 seconds. Actuate the air cylinder to
retract the asserbly from the water. The Ignitor Assemtly shall be
energized at the following voltages: 120/1/60, 108/1/60 and 132/1/60

,

The glow plug temperature shall be measured and recorded at each
voltage level. The glow plug temperature shall be a minimum of 1700'F

at 120 VAC and 132 VAC and 1500'F at 108 VAC. The test results shall
be recorded on data sheets shown in this procedure.

The water temperature shall then be increased to and stabilized at
181*F + 10; -O'F. The Ignitor Assembly shall be energized with

p 120/1/60 power. The glow plug temperature shall be a minimum of R1,

O 17000F. The air cylinder shall then be extended to submerge the |

Igniter Assembly. The assembly shall remain submerged for a minimum
of 30 seconds. Retract the air cylinder to remove the assembly from

( the water. Measure and record the glow plug temperature after its
temperature has stabilized. Adjust the input voltage to 108 VAC and
record the glow plug temperature. Adjust the input voltage to 132 VAC
and record the glow plug temperature after it has stabilized. The
test results shall be recorded on the data sheets shown in this,

procedure.

7.3 Test Resulp R2

,g The test samples were subjected to the submergence test in accordance |

with the requirenents and procedure specified above. The submergence |

test data Sheets follow this test procedure. |
~

|

,e The test s'amples complied with the submergence test requirements. |

The instrumentation and equipment used in the performance of the
submergence tests, along with their calibration due dates are shown on |the data sheets,

j
't

1F-007
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:

Air Cylinder
rx

'

M Air Supply

'Hydrogen -'

A eby .

\ Tank filled with water
Resistance .

Heater :
Element ,

a

Test Sample

i

g To Regulated Voltage
Supply

5

To Temperature Measuring Device

Figure 1609-7-1 Submergence Test Setup

Test Procedure 1609-7
1
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Test Procedure 1609-08 Page 1 of 2

UATA SHEET
FOR

SUBMERGENCE TEST

. Client: Power System Division Date of Test:

Test Sample: Hydrogen 1;nitor Assembly

CCL No.:

Instrument and Equipment List

item CCL No. Range Calibration Due Date

/o'

(v)
._

_

. - - -
-

,

Test Parameters Record Requirements

1. Record the following water
quality conditions.

o Conductivity 9 77'F < 10 pmho/cm

( o Chlorides 5 0.5

o pH 9 77'F a 5.3, but c 8.3

| 2. Condition Number 1

o Record Water Temp 95'F + 10'F , -O'F

i-' o Submerge test sample in
water and then remove.
Record time submerget. 30 seconds, minimum

o Record Input Voltage 12C VAC

o Record Glow Plug Temp 1700'F Minimum

k |*

4

lf-067
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Test Procedure 1609-08 Fage 2 of 2

DATA SHEET
FOR

SUBMERGENCE TEST

Client: Power System Division Date of Test:
,

Test Sample: Hydrogen Ignitor Assembly Drawing No.: 6043602001, Rev. 'C"

CCL No.: Test Procedure:

Test Parameters Record Requirements

o Record Input Voltage 108 VAC

o Record Glow Plug
Temperature 1500*F Minimum

132 VACo Record Input Voltage
_..

o Record Glow Plug
. /'N)

r
Temperature 1700*F Minimum'i

1v
3. Condition humber 2

o Record Water Temperature 181'F + 10*F, -O'F

o Record Input Voltage 120 VAC

t
o Record Glow Plug

Temperature 1700*F Minimum

o Submerge Test Sample in
Water and Remove. Record
time submerged. 30 seconds, minimum

i o Record Glow Plug
Temperature 1700'F Minimum

1
o Record Input Voltage

,
108 VAC

o Record Glow Plug
Temperature 1500*F Minimum

C o Record Input Voltage 132 VAC

o Record Glow Plug
Temperature 17000F Minimum R1

Functional within Acceptable Limits Tested by:
_

Yes No
ROA Number Revie. red by:

g

I f- 06''

__-- _--_______-__ ______________ ___ _ _ _ _ _
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c! Test Procedure 1609-08

*
DATA SHEET -

4

FOR 1
-

SUBMERGENCE TEST

O
Client: Power System Division Date of Test: 6- /f ~B2.

Test Sample: Hydrogen Ignitor Assembly )
;

CCL No.: So9 cof _ ow _coZ )
i l

Instrument and Equipment List

Item CCL No. Range Calibration Due Date

Dh1 M 11 9 6 eOS~ o -a co v nrc. _ s 1 - r s az.
'

Pluke ak_ B oo 8__ Y 10 ~H/- 87.
__

Vluk e Isa ka @co? Y J/ .it. r~ R y

*
-

-_

.

._ _

Test Parameters Record Requirements

1. Record the following water
quality conditions.

//%ila[c3 < 10 pmho/cm
''. o Conductivity 9 77'F

i

o Chiorides 4 J.a < 0.5

S.f > 5.3, but < 8.3
o pH 9 77'F

( 2. Condition Number 1
95'F + 10*F, -O'F

o *4ecord Water Temp 99

o Submerge test sample in
.

water and then remove. 30 seconds, minimum
Record time submerged. 3o_''

o Record Input Voltage /AA 120 VAC

o Record Glow Plug Temp f r/ ov 1700*F Minimum

,

O
<

... . . . . . _

_____. _ - - - - -
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Test Procedure 1609-08 Page 2 of 2
.

DATA SHEET ..,
FOR

SUBMERGENCE TEST -

O f - / t/~ G '<
Client: Power System Division Date of Test: 6-/f - 82.

Test Sample: Hydrogen Ignitor Assembly Drawing No.: 6043602001, Rev. "C"'

.

CCL No.: /6o t - col - 080-002- Test Procedure: 16e9 "1 Tev./
4

Test Parameters Record Requirements

| o Record Input Voltage fos 108 VAC
|
4 o Record Glow Plug

Temperature /sto6 1500*F Minitum
I

|
o Record Input Voltage 13 1 132 VAC

o Record Glow Plug
Temperature /9'O 1700'F Minimum

3. Condition Number 2

o Record Water Temperature l?O 181*F + 10*F, -0*F

o Record Input Voltage / Q. o 120 VAC'

" o Record Glow Plug
Temperature / ')/1 1700*F Minimum

o Submerge Test Sample in
Water and Remove. Record
time submerged. G8 30 seconds, minimum

o Record Glow Plug-

Temperature / O 70 1700'F Minimum

' o Record Input Voltage /oj__ 108 VAC

o Record Glow Plug
Temperature /93l 1500*F Minimum

n o Record Input Voltage 13.2. 132 VAC

o Record Glow Plug
Temperature co/g 17000F Minimum R1

Functional within Acceptable Limits / Tested by:
.

R0A Number N/42 Reviewed by: ; //8 e

O u yVa'

.

o em- v
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_ , . ' Ngf Rt.1, Box 280.W. Durham, N.C. 27705
'
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PID /888-4000 .Q Ewy. 70, West''

.

June 8, 1982

To Whom It May Concern

We heieby certify that Huckleberry Springs Deionized Water has
the following tolerences:

,

less than .5 ppm chlorides
and

lessthan10microohms/centineterconductivity

. .:{~/2,;,c.~. p- < . . -, . -._ _
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k

<

|'

i

O



., , .. . . . . .

'

. . . . . . ? age 1 of 2
Test Procedure 1609-08

'
.

DATA SHEET '
.

FOR
.

O SUBMERGENCE TEST
:

Client: Power System Division Date of Test: 6 M''- B 2

Test Sample: Hydrogen Ignitor Assembly
16o 1 -ooo -co l .

CCL No.: oool:

Instrument and Equipment List

Item CCL No. Range Calibration Due Date
as-

ri- i t - e 7_a

6 ee r . o -c ee, y se r
daw io,

,

#/vb al Boos f /o - /'/- P L

K |l - G r - W
Yloke w h n on e

%.

.

O
' -

Test Parameters Record Requirements j+

1. Record the following water
quality conditions.

!o Conductivity 9 77'F 4 m pelo car < 10 pmho/cm

o Chlorides e - r u .,_ < 0.5

> 5.3, but < 8.3
o pH 9 77'F

<

2. Condition Number 1

/o[ 95'F + 10*F, -O'F
o Record Water Temp

Submerge test sample ino
' water and then remove. .3 7 30 seconds, minimum

Record time submerged.

o Record Input Voltage /A o 120 VAC

i o Record Glow Plug Temp /8 01. 1700'F Minimum

~

|

_- .
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Test Procedure 1609-08 Page 2 of 2
'

DATA SHEET .
.,

FOR.

SUBMERGENCE TEST.

,O
Client: Power System Division Date of Test: A -/G B7

Test Sample: Hydrogen Ignitor Assembly Drawing No.: 6043602001. Rev. "C"

CCL No.: ce i -coo -co/ Test Procedure: f a,e 9 *) - hy. |

(

Test Parameters Record Requirements
_

o Record Input Voltage /o A_ 108 VAC

o Record Glow Plug-

Temperature //c,17 1500*F Minimum

| o Record Input Voltage 132_ 132 VAC

o Record Glow Plug
Temperature 480 7 1700*F Minimum

1

3. Condition Number 2

o Record Water Temperature / B Z. 181*F + 10*F, -0*F

o Record Input Voltage /1o 120 VAC-

o Record Glow Plug
Temperature /A3o 1700*F Minimum

o Submerge Test Sample in
( Water and Remove. Record '

time submerged. 3,7 30 seconds, minimum

o Record Glow Plug
Temperature /g /'7 1700*F Minimum-

o Record Input Voltage / 0 6___ 108 VACi

o Record Glow Plug
Temperature / (. 3 7 1500'F Minimum

o Record Input Voltage /.3 0- 132 VAC
,.

o Record Glow Plug
Temperature A Cog 17000F Minimum R1

Functional within Acceptable Limits Tested by:

ROA Number N[J/ Reviewed by: I //W/u g
/ 'f g /,ig,__

,

i(

. . .

- - _ - - - - - - - - _ _ _ _ _ _ - - - _ _
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DELIVERY OF PURE BOTTLED WATERS OASIS COOLERS

<O I
~ @ "* N

JJmmm-na-gy ~}ng ms-me
.

Q q.h
Rt.1, Box 280-X, Durham, N.C. 27705'~! * *
.910/383-4000 .o. Ewy. 70 37est

_

(

June 8, 1982

i

To Whom It May Concerns

We hereby etxtify that Huckleberry Springs Deionized Water has
the following tolerences:-

,

less than .5 ppm chlorides
and

j ( less than 10 micro ohms / centimeter conductivity

*
-

f,. ~ p .

|
. * W --e <-t--~E c.

: 1
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ACCIDENT TEST (LOCA & HELB)

5.0 The requirements and procedures for accident testing of the Hydrogen
Ignitor Assembly are presented in the following paragraphs.

1

5.1 Test and Requirements

5.1.1 The Hydrogen Ignitor Assembly shall ; ? subjected to a postulated R1

Design Basis Accident (LOCA & HELB) to determine if the test
sample will perform its safety-related function during the
environmental conditions specified below.

5.1.2 The accident conditions (temperature, pressure, time profile and R1

spray rate) shall be in acccedance with Figure 1609-5-1 of this 1
procedure. The test medium for the containment spray shall be
demineralized water. The spray rate shall be 1GPM/ft2 of test
sanple surface area.

5.1.3 The Hydrogen Ignitor Assembly shall be energized with 120/1/60 R1

VAC throughout the accident test. The glow plug temperature
shall be a minimum of 1700*F,. The Ignitor Assembly shall also be
tested at 108 VAC and 132 VAC and the glow plug temperature shall
be a minimum of 1500 F and 17000F, respectively, at 108 VAC and R1

132 VAC. |
.

5.1.4 The following test parameters shall be recorded during the R1

accident test.

-i
,

#\
'

't
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a. Test chamber pressure, temperature and time profile,

b. Chamber spray rate (demineralized water)
c. Input power and current to test sample
d. Glow plug assembly temperature

e. Test sample case temperature
,

5.1.5 The Ignitor Assembly shall be subjected to a negative pressure R1

transient during the accident test. |

5.1.6 The Ignitor Assembly shall be subjected to a Post-Accident R1

Functional Test.

5.2 Test Procedure
I I

5.2.1 Test Setup

5.2.1.1 The Hydrogen Ignitor Assembly shall be installed in R1

the test chamber as shown in Figure 1609-5-2. The |

ignitor assembly shall be connected to a regulated
power source. A thermocouple shall be attached to
the ignitor glow plug to measure the glow plug,

temperature. One additional thermocouple shall be
attached to the Ignitor Assembly Case to monitor
the case temperature. The ther.nocouple(s) used to,

nonitor and contr01 the test chamber temperature

| shall be located within six inches of the test
sample.

.

e
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5.2.1.2 A steam spraying / water system shall be set up inside R1
'

the chamber for use during the portion of the test |

requiring saturated conditions. |

5.2.1.3 A second chamber shall be setup in order to provide a R1'

negative pressure transient within the LOCA chamber. |

5.2.1.4 After completion of the test setup and prior to the R1

start of the accident test, the test sample shall be

energized with a 120/1/60-VAC power source. The glow
p'iug temperature shall be a minimun of 1700 F. Record

the glow plug temperature, voltage and current.

.{ } De-energize the electrical power to the Ignitor*

Assembly.

5.2.2 Instrumentation and Recording Equipment

5.2.2.1 The following test parameters shall be recorded on a R1

Fluke Model 2240 Datalogger:

1 a. Test chamber temperature

b. Test chamber pressure

c. Glow plug temperature

d. Ignitor Assembly case temperature
4 e. Time

'

i
|

.

-

'

1r-oc:
|

|
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5.2.2.2 The following test parameters shall be manually R1.

monitored as required:

a. Input voltage
b. Input current,

5.2.2.3 The parameters listed in Paragraph 5.2.2.1 above shall R1

be recorded at the time intervals listed below,

a. The test data shall be continuously recorded
during the initial temperature transient
from 185 F to 330 F.

b. Test data shall be recorded at 5-minute,

intervals at the temperature of 330 F.
c. Test data shall be recorded at 15-minute

intervals for the remaining portion of the
,

test profile.
|

,

I

5.2.3 LOCA and HELB Test
|

|

5.2.3.1 The test chamber temperature shall be increased to and R1

stabilized at 185 F. The test medium shall be
saturated steam. The Ignitor Assembly shall then be
energized with a 120-VAC, single-phase, 60-Hertz power
source. Allow the glow plug temperature to stabilize.

and record its temperature. Also, record case

temperature, input voltage, and current. De-energi ze

the electri:al power to the Ignitor Assembly.

I l

1
i

-
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5.2.3.2 The Ignitor Assembly shall then be subjected to the R1

temperature, pressure, time profile shown in Figure
1609-5-1 of this procedure. The test media shall be R1 1

superheated and/or saturated steam. The following test
.

parameters shall be recorded at the intervals specified j

in Paragraph 5.2.2 above: l

a. chamber pressure R1

b. chamber temperature
|

c. glow plug temperature
[

d. case temperature
|

e. input voltage j

f. input current. 1

R1

1

|-

|

1

5.7.3.3 After the chamber and test sample temperatures have R1

stabilized at 1850 F, superheated and saturated steam

shall be injected into the test chamber to increase the
chamber temperature to 330 F. The time required to
increase the temperature from 185*F to 330 F shall be
10 seconds. The chamber pressure shall be a minimum of

.

If-067
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30 psig and shall not exceed 70 psig. After the
temperature and tressure conditions have been obtained,
the demineralized water spray shall be initiated. The
spray rate shall be 1GPfi/ft2 of the test sample surface
area. The Ignitor Assembly shall be energized with a
120-VAC potential. The glow plug assembly temperature
shall be measured and recorded. This test shall be
repeated at 108 VAC and 132 VAC after complettor of the R2

negative pressure transient described in paragraph |

5.2.3.4. The glow plug temperature shall be 1700 F |

minimum at 120 VAC and 132 VAC and 1500'F minimum

at 108 VAC. After these operational tests are R1

' completed, the Ignitor Assembly shall be energized with
a 120-VAC potential. This voltage shall remain applied
for the remainder of the 7.7-day test. The 330'F and

30 to 70 psig condition specified above shall be R1

maintained for a three-hour time period. A chamber

pressure of 70 psig shall be maintained for 10 minutes
during this time period to simulate a hydrogen
i gniti on.

I

5.2.3.4 At To + 350 seconds, the Ignitor Assembly shall be R1 R2
subjected to a negative pressure transient as shown in |

Figure 1609-5-3. The Transient shall be accomplished |

by the use of a second chamber (Chamber fio.2) of a |
'

suitable size in which a suitable vacuum has been |

established. Through the use of a control valve |

between Chamber fio. 2 and the LOCA chamber, the . |

O

1F-067
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e

pressure in the LOCA chamber shall be reduced as shown R1 -

in Figure 1609-5-3 to a pressure of -14.0 psig +10%. |_

The rate of depressurization and pressurization shall |

not exceed the maximum values shown in Figure 1609-5-3. |

Note that during the negative pressure transient the |

demineralized water spray and steam inlet valves shall |

be closed. |

5.2.3.5 After three hours at 330 F, the chamber temperature R1 R2

shall be decreased to 3100F. The chamber pressure
shall be a minimum of 30 psig and shall not exceed 60 R1

p., psig. These conditions shall be maintained for three

b hours. 5

5.2.3.6 After completion of the three hours at 3100F, the R1

chamber temperature shall be reduced to 2500F. The
chamber pressure shall be 15 psig. These conditions
shall be maintained for 7 days and 11 hours. Du ring R1

this time period a steam spray / water system shall be in |

( operation to insure saturated conditions inside the |

chamber. ||

5.2.3.7 After completion of the Accident Test, the test chamber R1

shall be opened and a Functional Test performed. The
Functional Test shall consist of measuring the glow
plug temperature with an electrical potential of .

| 120/1/60,108/1/60 and 13E/1/60 applied. During each
~

1
,

O
LJ

l
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' of the above tests the voltage, current, case
temperature, and glow plug temperature shall be
recorded. The glow plug temperature shall be a minimum

of 1700 F at 120 VAC and 132 VAC and 1500'F at 108 VAC.
The Ignitor Assembly shall then be removed from test-

chamber and visually inspected. Any deleterious effect
noted shall be recorded.

5.3 , Test Results R2

The prime test sample was subjected to the accident test in accordance

with the requirements and procedure specified above. Wyle Test Report
45880-1, docunenting the results of the test, is included in Appendix

3 I to this report.[O
The test sample complied with the accident test requirements. The

instrumentation and equipment used in the performance of the accident

test, along with their calibration due dates, are shown in the Wylet

report in Appendix 1.

Figure 1609-5-1 was revised to correct the location of the negative
:r pressure transient test. As a consequence of this, Paragraphs 5.2.3.3,

~

| 5.2.3.4, and 5.2.3.5 of this procedure were revised to clarify the actual
'

test sequence.

!

Several Wyle test equipment anomalies occurred during the course of the<

test. These are discussed in detail and resolved in Wyle Test Report
45880-1. -

-

9
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!

.

*

LOCA Charnber Pressure
30 to 60 psig

55-

- Continue LOCA test. !
~ Refer to Figure 1609-5-1.50- -

45- Depressurization rate to
atmospheric pressure not specified

40-

35-
7
;
.3 30-

'

E
o
0 25-
[ c Pressurize to LOCA ;.onditions

+ 4.5 psi /sec max
20-

-20 psi /sec
max

,

15-y
|

10

-14.0 psig 10%

5--

i' - 0 . . . . . . . .
'

| 5 10 15 20

Time (seconds after To + 350 sec)

|

||

|'
Figure 1609-5-3 Negative Pressure Transient

Test Procedure 1609-5

|
|
'.

ir-oc
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,

I

e

t

I

f

l
i

(

(

t

- - , . -_... , , . . ... ,. - - - - . . -. . . . -. . ---. - - . . . . _ . - - . - - - - -- -



i

,7 N ) Corporate Consulting
'25L 4EM & Development Company. Ltd. PAoctouRE No 1509 r,, Rev. 2

(h 4O I ' ' " OF
Koge' E=eewt.ve Cemer

,

PREPAR D BY _ DATE-^

2 CW
*

Rav71 N C 2:'E22 gig.752-3m.
. .

APPAovtD tv DATE

TEST PROCEDURE arenovro av OAvr

Q A REVIEW BY DATE

:

HYDROGEN BURN TEST

6.0 The requirements and procedures for the Hydrogen Burn Test of the
Hydrogen Ignitor Assembly are described in the following paragraphs.

6.1 Test Requirements

6.1.1 The Hydrogen Ignitor Assembly shall be capable of igniting a R1

combustible concentration of hydrogen and air. The Ignitor
Assembly shall ignite mixtures of 4 to 12 percent hydrogen by
volume.

6.1.2 The Ignitor Assembly shall remain operational after being R1

subjected to multi-ignition of the combustible concentration of

hydro 9c. and air mixtures.

6.1.3 The Ignitor Assembly shall be tested at the specified extremes R1

of the power supply voltage to demonstrate it will ignite the
combustible concentration of hydrogen and air. The test
voltage shall be 120/1/60 VAC, 108/1/60 VAC, 132/1/60 VAC.

6.1.4 The Ignitor Assembly shall be subjected to a minimum of 100 RI

ignitions of the hydrogen and air mixture specified below.

'

6.1.5 A spare test sample will be used to calibrate the test system R1

and to verify ignitor assembly operation prior to installing
the actual test sample in the system. -

'I
iF-0G7
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6.1.6 The data obtained from this test will be used to establish R1

a known operating procedure for each test condition specified
below. The intent of this test is to prevent over or under

testing on the actual test sample.

6.2 Test Procedure

6.2.1 The Hydrogen Ignitor Assembly shall be placed in a test chamber R1

that has a known volune. The Ignitor Assembly shall be
instrumented and electrically connected to a power supply as
shown in Figure 1 of this procedure. The Hydrogen Ignitor
Assembly shall be tested in each of the conditions specified
in the table below.

Number of Input H /Ai r R22

Ignitions Required Voltage (VAC) Mixture (% by Volune)

4 120 4 5%
4 108 4 5%

| 4 132 4 5%
II

4 120 8 15%

|
4 132 8 :5%
4 108 8 ' 5%
4 108 12 t5%

1;

4 120 12 :5%
4 132 12 15% -

*70 120 as required to obtain R1

l multiple burns.
*

*
multiple burns shall consist of one ignition followed by another
ignition. Flow of H / air mixture shall be interrupted between R22
ignitions.

|.

1F-06'
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6.2.2 The following test parameters shall be measured and recorded R1

during each of the ignition tests specified above:

a. input voltage'

b. current

c. glow plug assembly temperature

d. test sample case temperature
e. hydrogen / air burn temperature

f. hydrogen / air mixture (percent by volume)

9 chamber pressure R1

The parameters shall be recorded with a computer data acquisition |

system. |'

6.3 Test Results R2

The prime test sample was subjccted to the Hydrogen Burn Test in |

accordance with the requirements and procedure specified above. Wyle |

Test Report 57149, documenting the results of the test, is included in |

Appendix K to this report. |

|

The test sample complied with the Hydrogen Burn test requirements. The |(

instrumentation and equipment used in the performance of the functional |

tests, along with their calibration due dates, are shown in the Wyle |

report in Appendix K. |

|'

Paragraph 6.2.1, above, was revised to show that, during the multiple |,

burn port ~ ion of the test, the H / air mixture was manually interrupted |2

for each. ignition. 1
_
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\ 1.0 CUSTOMER corporate consultica and nevelopunt- co. Tem . (ccra
,

ADDRESS P. O. Box 30096, Raleigh, NC 27622
,

'O
CJ0 TEST SPECIMEN One (1) Hydrogen Ignitor Assembly

I

!

3.0 MANUFACTURER N/A
_,

t

3
; 4.0 SUMMARY

I,
One (1) Hydrogen Ignitor Assembly was subjected to a Nuclear Environmental Test Pro-
gram to verify its adequacy to maintain a high glow plug temperature during and
dfter exposure to a Design Basis Event Accident (LOCA and HELB). The test proce-

t dure used was CCL Procedure No. 1609-5, Rev. 1.
,

I
(

f .'
.C

-,

1 "' Alabama Professional Eng. 'Y**'',','""'*"'"Y'''d'"*P''' 'o c' p'os""Y '"c'*'e sp=ce ar

(f STATE OF ALABAMA conoma, ww w re seruces covees tsy ru ssport
COUNTY OF MADISON I Reg. No. 8256

PREPARED BY -

; Flavous R. Johnson . being duty swom, nn
deposes and says: The information contained in this report is the roeult of complete -.. *
sad carevuiiy conducted tests and is to the f hi knowiedge true and correct in APPROVED BY

_

- - - -'

- kf WYLE Q. A.
SC or M M day of (l'/eh .19 XP T. St4nsdri

SU g"WE.D e.Mwom to.

Notary fdbhc and for the State of Alaba .

My Commisalon experse ,19 SCIENTIFIC SERVICES AND SYSTEMS GROUP'

HUNTSVILLE, ALABAMA
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1
I
I

ft

., Q 4.0 SUMMAnY (Continued)
,

1
This report contains the following sections:

o Section I - Pre-LOCA Baseline Functional

o Section II - Accident (LOCA) Test

o Section III - Post-LOCA Functionali

o Section IV - CCL Procedure 1609-5, Rev. 1

The qualificaticn program was conducted in the sequence indicated by3

Sections I through III above. During the program, three (3) anomalies
were noted. The anomalies are discussed briefly below and in more
detail in Section II of this report.

|. Notices of Anomaly (NOA)

NOA No. 1 - The hydrogen ignitor glow plug thermocouple was out
of tolerance due to corrosion of the tie-down band

3
which gave an indicated temperature lower than the*

actual probe temperature.

("' NOA No. 2 - Documents out-of-tolerance chamber temperature condi-

' ( j}/
-

tions caused by facility power outages and boiler
control system anomalies during LOCA/HELB test.

-

NOA No. 3 - During the LOCA/ HELL test, the required time at 250*F
was 178.8 hours (162 hours + 16.8 hour margin). The
actual time at 250*F or above was 171.3 hours (162-

| hours + 9.3 hours margin). Analysis is provided
which demonstrates that the test profile margin
envelops the required murgin because of the time
durations above the required temperature of 250*F.

.

( Based upon the t=st results contained in this report, it is the
opinion of Wyl. Laboratories that the Hydrogen Ignitor Assembly'

,

successfully met all requirements of CCL procedure 1609-3, Rev. 1.

| Additional rationale is provided in Wyle's letter to CCL, dated

(i
October 11, 1982 and is contained in Appendix I of this section.

,i.

e_>
t

WYLE LABORATORIES'

Huntsville Facility

. . , . - . _ .
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.h
I 5.0 REFERENCES

I\ 5.1 Corporate Consulting Purchase Order No. 1334

|
5.2 Corporate Consulting Test Procedure No. 1609-5, Rev. 1

{ 5.3 Wyle Laboratories letter, Change of Scope No. 3, dated May 3, 1982

5.4 Wyle Laboratories letter, Change of scope No. 2, dated April 21, 1982

i-

f 5.5 Wyle Laboratories letter, Change of Scope No. 1, dated October 26, 1981
,

J 5.6 Wyle Laboratories letter, Quote No. 543/6149-1/DK, dated August 18, 1981
!

g- 6.0 TEST SPECIMEN DESCRIPTION
I

The test specimen was a Hydrogen Ignitor Assembly, P/N 1609-001-000-002, !

11-1/2" H x 8" W x 13-7/8" L, with a glow plug powered by a 120 VAC '

}. transformer.

.,- 7.0 TEST EQUIPMENT DESCRIPTION
1, |

The test equipment used for this Test Program is shown on Instrumenta-''

tion Equipment Sheets included in the appropriate sections of this,

report.

'
8.0 QUALITY ASSURANCE

. ,

All instrumentation used in the performance of this Test Program
was calibrated in accordance with Wyle Laboratories' (Eastern Opera-
tions) Quality Assurance Policies and Procedures Manual, which con-
forms to the applicable portions of ANSI N 45.2, 10 CPR 50 Appendix

,

9, and Military Specification MIL-STD-45662. Standards used in per-

f forming all calibrations are traceable the the National Bureau of |

' Standards.

I
i |

1

I

i !
4

')
j 't/

WYUE LABORATORIES
Huntsville FacHity
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APPENDIX I

WYLE LETIER OF TRANSMITTAL, OCTOBER 11, 1982,

i NOTICES OF ANOMALY NOS. 2 AND 3

I

I
.

\.
!

!
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i-

I
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I Rrport No. 45880-1

,

M
tasonatomets SC:ENTr4C SEnvCES & Sv$TEMS GROUP''

October 11, 1982 IN RESPONSE REFERENCE: 458808-007C

p
l.

/. Corporate Consulting & Development Company, Ltd. |

|^ Post Office Box 30096
Raleigh, NC 27612

'

Attencion: Mr. Doug Greenwood

? Subject: Purchase Order No. 1334
,

Reference: Wyle Job No. 45880

Gentlemen:.,

}
Enclosed are three (3) copies each of Notice of Anomaly Nos. 2 and 3.

!' In addition to the above trarismittal, the purpose of this letter is:
I

1. To affirm that the test of the hydrogen igniter does qualify
: it for the required environment.
i. j

2. To address the fact that test anomalies occur and that test
extension is the industry standard practice for satisfying the

;

i requirements with extrapolation by analysis, consistent with
" NRC requirements.

;;

3. To address the question of a continuous duration test versus
}' inadvertent outages.

I L- 4. To guarantee Wyle's support at Wyle's expense of our test
report conclusions in any official communications between our
customer and the NRC should these conclusicns be questioned.

r

The following text addresses each one of these points individually.

1. Wyle is firm in its commitment to meet the governing standard
f '. requirements. It is, and always has been, our understanding,

'

that the purpose of any qualification program is to satisfy
t.

these requirements. In conferring with NRC representatives,
E and as clearly stated in NUREG 0588, Sections 2.4 and 4, and
:| IEEE 323-1974, Section 5.4, Combined Qualification and Section

6.5, analysis (including Arrhenius methodology) combined with
|- testing, is a valid qualification method. Our test was conducted

in full compliance with these standards and the equipment
successfully met its acceptance criteria. Therefore, the'

conclusion is that the equipment is qualified to the required,gj' environmental parameters.

<
l

Wu% RITE:EMarnittnkC3vimmich &Grmo 02CB7 EOS) 837-4411
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| October 11, 1982

LO
i 2. It is understood and accepted by industry and regulatory

agencies that anomalies occur. Every attempt is made to
minimize anomalies. However, these occurrences cannot be

f, eliminated. They can only be minimized. As a result, standard
practices have evolved concerning the accident duration.'~

Interruptions in the accident simulation (either planned or
i unplanned) do not effect the results. The cumulative duration

at temperature is the critical paramater. For instance, somei .

programs include planned interruptions such as any program
:onducted per IEEE 323-1974, Figures 1, A1, B1, B2, and NUREG-'

0588, Figure C1. For all of these programs the time at
temperature is added to yield the cumulative time which is

, compared to the requirement duration. These standard practices

|~
are common knowledge and are acceptable in all cases to the
regulatory agencies. The requirement is to demonstrate that
the safety-related equipment perform properly while under the

I conditions of temperature and pressure for the' required
period of time. While every attempt is made to meet the
environmental conditions continuously, the test is not rejected

(. because of a discentinuous test. Instead, adjustments are
made, as was done here and extrapolation is provided consistent!

with IEEE 323-1974 Paragraph 5.4. It is Wyle's o~ inion thatp
the inadvertent outages resulted in below temperature conditions

,

for only a minimal amount of the time. The thermal shock on
,

the equipment under test resulted in a more conservative
program and provides greater assurance of equipment operability.

,

| 3. The test requirement was for a 7 day LOCA exposure plus 105'

time cargin. Tne test was conducted for the full 7 days plus
6% margin on tine. Additional margin is demonstrated by

;

i applying the industry accepted and regulatory agency recommended
practice of applying Arrhenius techniques to determine equivalent

r degradation of the material. Using this technique an equivalent
margin of 325 is demonstrated by using the overtest of the
" envelope" profile during the final steady state portion of

( the LOCA test.,

- The full 7 day withstandability requirement was met. The
required margin was exceeded by the acceptable conQination of

j. test and analysis consfstent with IEEE 323-1974 Paragraph 5.4.
All initial test temperature peaks, pressure peaks and durations,'-

prior to the final steady state temperature, were met by
cesting.,

L

i 4. Our test reports are designed in accordance with IEEE 323-1974
and provide our customer with evidence of qualification which
will allow verification by competent personnel other than the

O
s
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i qualifiers as defined by this standard. Should the NRC question |
the test report, Wyle accepts the responsibility to clarify 1

'

those items in question at our expense. Wyle will support our
I. test report should the need arise as the result of any official 1

1;' communication between our customer and the NRC.

Should you have any questions regarding this subject, please contact the :
iundersigned.

Sincerely,

WYLE LABORATORIESe

Eastern Operationsi

I .

.

!
dward W. Smith

Director, Contracts & Purchasing
h.
t EWS/ paw
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.

SECTION I
L

BASELINE FUNCTIONAL TEST
.

I

1.0 REQUIREMENTS
g

1.1 The test specimen shall be visually inspected prior to testing to
assure that there has been no damage due to shipping or handling.

,

j . 1.2 The test specimen shall be energized with 120 VAC, 60 Hz,1 phase
power supplied by a variac. The glow plug temperature shall be
measured and recorde? following stabilization. The input voltage

_} and current shall also be recorded,
c.

1.3 The above test shall be repeated at 108 VAC and 132 VAC. The glow

j plug temperature, input voltage and current shall be recorded.

l.4 Accep'tance Criteria'

a) With 108 VAC applied, the mininum allowable glow plug temperature
shall be 1500'F.

'(7 b) With 120 VAC and 132 VAC applied, the minimum allowable glow
1Q plug temperature. shall be 1700'F.

2.0 PROCEDURES

: 2.1 The test specimen was installed in the LO'm test chamber and connected
g to a variable AC power supply.

2.2 A K-type thermocouple was placed on the tip of the glow plug and tied
,I down with three (3) stainless steel bands. The thermocouple and

bands were then covered with a layer of high temperature ceramic.
q Details of the test setup are presented in Appendices II and III of

Section III.

2.3 A pre-test functional was performed in accordance with Paragraphs
1.2 and 1.3 above and the results recorded.

3.0 RESULTS

3.1 The test specimen showed no signs of damage when inspected.

T 3.2 The results of the functional voltage test are presented in the

-[ Data Sheet, Appendix I of this section.

O
.O.

r.

WYLE LABORATORIES
Huntsvale FacHity
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TEST REPORT NO. 45880-1
'| |

6|
3.0 RESULTS (Continued) g

3.3 The equipment used to perform the pre-IOCA functional are presented in
the Instrumentation Equipment Sheet of Appendix II of this section. .

S

|
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SECTION II

b-
ACCIDENT (LOCA) TEST

.

1.0 REQUIREMENTS
1

1.1 The Hydrogen Ignitor Assembly shall be subjected to a postulated
Design Basis Accident (LOCA and HELB) to determine if the test sample
will perform its safety-related function during the environmental
condition specified below.

) 1.2 The accident conditions (temperature, pressure, time profile and
spray rate) shall be as shown in Figure II-1, Appendix II, of this

The contaipent spray shall be demineralized water sprayedsection.
L at a rate of 1 gm/ft of specimen horizontal surface area.'

) 1.3 The test specimen shall be subjected to a negative pressure transient
$ during the accident test. This negative pressure transient shall

be as shown in Figure II-2 of Appendix II of this section.

1.4 During the accident test, the test specimen shall be energized with
p 120/1/60 VAC. The glow plug temperature shall be a minimum of 1700'F.

,

The following test parameters shall be monitored during the accident3.5
test.

a) Chamber pressure, temperature and time profile.

b) Chamber spray rate.

c) Input power and current to test specimen.

d) Glow plug temperature.

e) Test specimen case temperature.
g

2.0 PROCEDURE

2.1 The Hydrogen Ignitor Assembly was installed in the test chamber
as shown in Photograph 11-1 in Appendix III of this section. The
ignitor assembly was connected to a regulated power source. A
thermocouple was attached to the ignitor glow plug to measure the

I glow plug temperature. A second thermocouple was attached to the
ignitor assembly case to monitor the case temperature. Two addi-

- tional thermocouples were used to monitor and control the test
chamber ambient temperature and were located within 6 inches of
the test specimen.

-

|'
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2.0 PROCEDURES (Continued)

2.2 A steam spraying / water system was set up inside the chamber for use
during the portion of the test requiring saturated conditions. This
system consisted of injecting saturated steam through a tube immersed
'in saturated water in the chamber. To assure proper water level, a ,g
glass sight gage and electric water level controller were provided. '|

Figure II-3 presents a schematic of the test setup used to conduct . ~1

this test.

'

2.3 The following test parameters were recorded on a Fluke Model 2240 )
datalogger:

a. Test chamber temperature (two thermocouples)

b. Test chamber pressure -

c. Glow plug temperature _J

d. Ignitor Assembly case temperature ,

e. Time ,

2.4 The following tast parameters were manually recorded on a data sheet:
i

#

a. Input voltage

b. Input current

2.5 The parameters listed in Paragraph 2.3 above were recorded at
the time intervals listed below. 3

a. The test data were continuously recorded during
-

the initial temperature transient from 185'F to 330*F
c

b. Test data were recorded at 5-minute intervals at
''

the temperature of 330*F. )
c. Test data were recorded at 15-minute intervals for

the remaining portion of the test profile.

2.6 The test chamber temperature was stabilized at 185'F with saturated
steam. The Ignitor Assembly was energized with a 120 VAC, single- |
phase, 60 Hz source. After allowing the glow plug temperature to j

stabilize, its temperature was recorded. Also recorded were case
tenperature, input voltage and current. The electrical power to
the Ignitor Assembly was then de-energized. .

O
I

J
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2.0 FROCEDURES (Continued)

2.7 The Ignitor Assembly was then subjected to the temperature, pressure,
[ time profile shown in Pigure II-l in Appendix II of this section.

3 The test media was superheated steam followed by saturated steam.

2.8 After the temperature and pressure conditions were obtained, the
demineralized water spray was initiated. The Ignitor Assembly
was energized with a 120 VAC potential. The glow plug assembly

_ temperature was measured and recorded. This test was repeated

| at 108 VAC and 132 VAC. After these operational tests were com-
pleted, the Ignitor Assembly was energized with a 120 VAC potential.a

[ This voltage remained applied for the remainder of the test.
;

2.9 At T + 353 seconds, the Ignitor Assembly was subjected to a nega-
tive pressure transient. The transient was accomplished by the
use of a large vacuum chamber in which a vacuum of 1 psia was

JL established. Through the use of a control valve placed between
> the vacuum chamber and the LOCA chamber, the pressure in the
- LOCA chamber was reduced. Prior to the negative pressure trans-

ient, the demineralized water spray and steam inlet valves were
- closed and the chamber was drained of all condensate.

p) 2.10 Following the negative pressure transient and after the LOCA chamber' >

y/ was restored to the 330*F condition, the chamber pressure was raised
to 70 psig for 10 minutes.

o

2.11 After three hours at 330*F, the chamber temperature was decreased
~

to 310*F.

2.12 After three hours at 310*F, the chamber temperature was reduced to
250*F. This condition was maintained for the remainder of the test
during which daily recording of input current and voltage was
conducted.

3.0 RESULTS

3.1 The Hydrogen Ignitor Assembly was subjected to the required accident
test profiles of Figures II-l and II-2 in Appendix II of this section.

3.2 The test setup utilized is presented in the schematic of Figures II-3
of Appendix II and the photographs of Appendix III of this section.

I o/i

, LM
|
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O
3.0 RESULTS (Continted)

3.3 The actual recorded pressure, temperatures, and time profiles are
presented in Figures II-4 through II-7 of Appendix II of this section.

a) Figure II-4 presents the chamber temperature profile which is
the average temperatures of the two thermocouples mounted within
6 inches of the test specimen..

b) Figure II-5 presents the LOCA chamber pressure profile throughout
the test. Figure II-6 presents the pressure profile during the ,}
negative pressure transient in mcre detail. 5

)
c) Figure II-7 presents the specimen glow plug temperature through-

out the test. _|

d) Figure II-8 presents the specimen case temperature.

3.4 The data sheet section of Appendix IV presents the voltage and
current readings taken during the test. The first data sheet
presents measurements of the current, voltage and temperatures ]
prior to and during the DBE. The second data sheet list measure- 'A
ments made daily during the post-LOCA period.

3.5 The required chemical spray flow rate was calculated to be 0.8 gpm
based on 1.0 gpm per foot-square surface area of test specimen.
Following stabilization at 330*F, the chemical spray was initiated. .

The 0.8 gpm had to be reduced to 0.4 gpm during the superheat
region of the LOCA profile. Due to the small size of the LOCA
chamber and proximity of the specimen to the chemical spray nozzle,
thermocouples were saturated with DI water resulting in an out of f

Jspec chamber temperature indication.

3.6 The chemical spray flow rate established using an automatic flow rate '

controller manufactured by the W. A. Kates Company. A calibration .

curve is provided in Appendix V. g

3.7 Throughout the test, a steady decrease in indicated glow plug tempera-
ture was noted (see NOA No. 1, Appendix I of this section).. Following
the test and prior to the post-LOCA functional, the glow plug thermo-
couple was removed and examined. Examination revealed that the stain-
less steel tie-dewn bands used to secure the thermocouple were highly
corroded. The same thermocouple was reattached using new bands and
the temperature reading at 120 VAC was 172E'F indicating that the low gj
temperature readings were not due to specimen failure. ,)

1

O'l
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j. 3.0 RESULTS (Continued)
'l

3.8 During the post-LOCA period there were approximately twelve.(.12). signi-
ficant periods totaling 11 hours, 42 minutes during which the chamber

I. dropped below the required 250*F temperature ('see NOA No. 2, Appendix II.
This was due to unplanned boiler and controller shutdowns. The test'

2. was extended by 4 hours, 8 minutes. The test period of 250'F fell
j short of the required 7 days, 11 hours by 7 hours, 36 minutes (see

NOA No. 3, Appendix I).

3.9 Appendix V presents the test instrumentation equipment used in this|
a test.
)

i
.

l

g..

i

i
I
,

I

I
1

i
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WYLE LABINEA1WMS (Eastem Operations) *

l "# '''

NOTICE OF ANOMALY 10/22/82
'

1914 CONTRACT NO: M /A
NOTICE NO:1. P.O. NUMBER:

Corocrate consult 4no Timited WYLE job NO: 45880
CUSTOMER:

NOTIFICATION MADE TO:
Deuo qropnwnnd NOTIFICATION DATE: 7/4/A7

NOTIFICATION MADE BY: P. Johnson VIA: Telenhone

DATE OF q

CATEGORY: O SPECIMEN OPROCEDURE OTEST EQUIPMENT ANOMALY- 7/9/92

l

PART NAME: Hydrocen Ioniter PART NO. N/A

TEST: Accident Test (LOCA and HELB1 1.D. NO. 1609-001-000-002

SPECIFICATION: CCL Soec 1609-5, Rev. 1 P ARA. NO. 911 I

.- 3

REOUIREMENTS:

The hydrogen igniter assembly shall be energized with 120/1/60 VAC throughout
the accident test. The glow pluo temperature shall be minimum of 1700'F.

-

3
,

DESCRIPTION OF ANOMALY:

The glow plug temperature dropped below 1700'F at 20 hours inte the test.
fThroughout the test, there had been a steady decrease in glow plug temperature. -

There was no change in specimen power supply voltage and current.
.

i

q

DISPOS' TION COMMENTS RECOMMENDATIONS: ..

The customer recommended that the test be continued. Following the seven (7) day
11-hour test period, the specimen and instrumentation will be examined in order ]

.)to determine the cause of the low temperature readings.

the thermocouple was examined. The stainless steel tiedownFollowing the test,
bonds which held the thermocouple to the glow plug were almost entirely consumed
by corrosion. The the mocouple was reattached to the glow plug and the indicated
temperature returned to the required value.

Revision A - Change category from specimen anomaly to test equipment anomaly
to reflect that the anomaly was due to corrosion of thermocouple
tiedown straps.

*

VERIFICATION: PROJECT ENGINEER:
!

_ PROJECT MANAGER:TEST WITNESS:
-

O IN 1 :
REPRESENTING:

QUALITY ASSURANCEMN Aw/ MM m,

d

.)
L*YLE Form WM 1004. Rev. Jan, St ,e.e i ., ,

- _ _ _ _
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Report No. 45880-1WYLE TENW3 (Esitem Operations)9

I NOTICE OF ANOMALY "^''
i, 10-4-82

I ''

NOTICE NO:- 2 P.O. N U M B ER: 1334
$ CONTRACT NO: N/A

CUSTOMER:_ Corcorate Consultine timited WYLE JOB NO: 45880
NOTIFICATION MADE TO: n Hatmaker

NOTIFICATION DATE: 7"12-02
a onneau-

NOTIFICATION MADE BY: . .

_ ygg, Telephone
-

,

DATE OFCATEGORY: O SPECIMEN OPROCEDURE G TEST FOUIPMENT ANOMALY. 7/10-15/82
PA'!T NAME: Hydrogen Igniter

_

PART NO. N/A
TEST: Accident (LOCA and HELB)

I.D. NO. 1609-001-000-002
SPECIFICATION:,CCL Spe: 1609-5, Revision 1

PARA. NO. 5. 2. 3.6
__

REOUIREMENTS:
_

-

After completion of the three (3) hours at 310*F, the chamber temperature shall be
reduced to 250*F. The chamber pressure shall be 15 psig. These conditions shallf be maintained for seven (7) days and 11 hours.

4

_

-

DESCRIPTION OF ANOMALY:G The chamber temperature fell below the required tem);erature of 250*F several timesi-
due to facility power outages and boiler control system anomalies.

DISPOSITION . COMMENTS . RECOMMENDATIONS:
'

The Customer was notified and with his concurrence the total time below the re-quired temperature of 250*F shall be added to the required seven (7) days andeleven (11) hours.

/7 i

VERIFICATlON:
PROJECT ENGINEER: N J%

J TEST WITNESS: A/[A
PROJECT MANAGER:

k REPRESENTING Af 4 O INAT :
'

OUALITY ASSURANCE: M> J /w bbRbe "
*

N
WYLE Form WM 1066. Rev. Jan. 81

1 1Page _ of
_ _ - _ - _ _ _ - _ _ _ - _ _ _ - _ - - _
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WYLE NM (Eastem Operstloris)
^'''10-4-82

NOTICE OF ANOMALY
N/A1334 CCNTRACT NO:3 P.O. HUM BER:NOTICE NO: 45880

Corporate Consulting Limited WYLE job NO:
CUSTOMER:_

Doug Greenwood NOTIFICATION DATE:
9-13-82

NOTIFICATION MADETO: 3TelephoneG, R. varbonneau VIA:
NOTIFICATION M ADE BY: ||

DATE OF
ANOMALY. 7-16-82

CATEGORY: O SPECIMEN O PROCEDURE D TEST EQUIPMONT ~

N/A
Hydrogen Igniter PART NO. .

PARTNAr E: 1609-001-000-00c
Accident (LOCA) 1.D. N O.

TESI: 5.2.3.6CCL Spec 1609-5, F 'v. 1 P ARA. N O.
SPECIFICATION:

REQUIREMENTS: ' ' '

(3) hours at 310'F, the chamber temperature shall beAfter completion of the three
reduced to 250*F. The chamber pressure shall be 15 psig. These conditions shall ..

be maintained for seven (7) days and 11 hours. J

,

.

DESCRIPTION OF ANOMALY: [(7) days, three (3) hours, and 26
The actual conditions were maintained for sevenThis occurred because a calculation error was made while determining the

;

minutes.
amount of time to extend the test to cover the twelve periods that the chamber '

temperature was below the required 250'F (see Notice of Anomaly No. 2). J

.<,

,,

DISPOSITION COMMENTS RECOMMENDATIONS:
(7 days +10% margin). .

The LOCA requirement was to extend for a duration of 7.7 days
The time requirement at the final temperature of 250*F was 178.8 hours (162 hours

All temperature peaks, pressure peaks and steam requirements
-

+16.8 hours margin). 3were met during the LOCA test. The 7-day test requirement was met.
Power outages and boiler control system anomalies caused the time margin at 250*F
to fall short of the required 10% margin. Actual test time was 7 days +6% margin

Additional time was added onto the endat or above the temperature requirements.
of the test; howa.ver, an insufficient amount of time was included to provide for a
one-to-one time ratio between the test profile margin and the required profile

Since the test temperature exceeded the requirements, a certain amountmargin.
of margin was demonstrated by this overtest. The purpose of this analysis is to

-=
_

m
-

PROJECT ENGINEER:VERIFICATION:

PROJECT M AN AGER:
TEST WITNESS: hb -s

O INAT :
REPRESENTING: -

OUALITY ASSURANCE:. 9
31 ofWYLE Form WM 1044, Rev. Jan. 81 Page ,

I

-
- . ._
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i
r" NOTICE OF ANOMALY No. 3

} Corporate Consulting Limited
Wyle J/N 45880

. 10-4-82

DISPOSITION - COMMENTS - RECOMMENDATIONS: (Continued)
( demonstrate that the test profile margin envelops the required margin because of

} time durations at higher than required, temperatures.
4

Arrhenius methodology was used to compare the 250'F portion of the requirement
s to the corresponding portion of the test profile. This was accomplished by
.j equating the test. profile to a time duration at a baseline temperature of 250'F

g (121. l*C) . An activation energy of 0.L eV was used (obtained from CCL as the
lowest act.vation energy in the H2 Igniter). Conservatism was introduced into4

j the degradation equivalency by considering the time step durations to be at the
lower temperature of step ends.*-

i k
d *

* Temperature
.

y _ _ _ _, -
.

, , ,

!1 | 2 1 3 |+n m

1.p)
-

TIME STEPS

A sample calculation is as follows:

Time duration = 1 minute to 2 minutes = 1 minute

Temperature = 255'F to 257'F; therefore, 255'F utilized.

(exp(Ea/k ) (1/T1 - 1/T ) 3t1=t2 b 2

I where

't t1 = equivalent time at baseline temperature

t2 = 60 seconds, duration of test step

Ea = 0.95 eV

k = Boltzmann's Constantb

.I T1 = 250*F (394.l*K), caseline temperature

T2 = 255'F (396.9*K) , test step temperature

D Solving for ti,
.)

t1 = 73 seconds equivalent degradation at 250'F.

'

WYLE LABORATORIEB FostM 1066A
Huntsville Facility

. , _ _ _ _ -_ ..
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#NOTICE OF ANOMALY No. 3
Corporate Consulting Limited

,

Wyle J/N 45880 1

'

DISPOSITION - COMMENTS - RECOMMENDATIONS: (Continued)

Tha following table summarizes the equivalency data of the test profile to the
bnreline temperature of 250'F.

Requirements Time ,

Temperature Time at 250*F Temperature Actual Tirae 250*F Time
'F Hours 'F Hours Hours

3

250 162.0 260 18.0 26.6 |
250 16.8(margin) 258 24.0 32.9 ,J

257 42.0 55.2
256 24.0 30.3 -

255 12.0 14.6
5

253 30.0 33.8
251 18.0 18.8

250 3.3 3.3

<250 11.7 0.0 -

Total 178.8 183.0 215.5
.i

Subtracting the test requirement without margin gives

53.5 hcurs margin.215.5 - 162 =

Thorefore, the LOCA test was equal to the required 7 days +32% margin (53.5/168 =
32%). It is concluded that the test requirement of 7 days +10% margin was envel- -

opad by the test profile of 7 days +32% margin.
I

l

l

.

,

s|

lg
|

.i
.

.

FORM 1066A
-
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SECTIO 3 III .

..

POST-ACCIDENT FUNCTIONAL

..
~

1.0 REQUIREMENTS

1.1 The Ignitor Assemblj shall be subjected to a post-accident func-
tional test.

[ 1.2 After completion of the accident test, the test chamber shall be:

opened and a functional test performed. The functional test shall
. consist of measuring the glow plug temperature with an electrical
I potential of 120 VAC, 108 VAC and 132 VAC. During the above tests,

the voltage, current, case temperature and glow plug temperature''

shall be recorded.

1.3 Acceptance Criteria

a) The glow plug temperature shall be a minimum of 1500*F at+

: 108 VAC.

'n b) The glow plug temperature shall be a minimum of 1700*F at
120 VAC and 132 VAC.

.-

1.4 The Ignitor Assembly shall then be removed from the test chamber and
,

[ visually inspected. The results shall be recorded.
t.

'' 2.0 PROCEDURES
~

8

2.1 Following the LOCA tes t and after a,llowing sufficient time for the
- chamber to cool down, the test chamber was opened.

2.2 The procedure of Section I was repeated. That is the glow plug
temperature was measured at voltages of Ir8,120 and 132 VDC.'

,

t
.

3.0 RESULTS
I

.I 3.1 The test specimen showed no evidence of damage due to the LOCA other
than s.ome mild discoloration on the surface of the assembly bcx.'

*

ij, 3.2 The results of the post-LOCA functional test were presented in the
Data Sheet of Appendix I of this section.

I
~

3.3 Appendix II preser.ts the Instrumentation Equipment Sheets,

b
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*3 ACCIDENT TEST (LOCA & HELB)
.

i J, y,e..e - . x ~~'* * " * " " '- e*
' , . . v. . u . P-~***' * " * #. . ,',.1.c o . .

equirements and procedures for accident testing of the Hydrogen
.n s '

5.0 The

Ign or Asse 'bly are presented in tt e following paragraphs.

5.1 Test nd Reouirements

5.1.1 The Hydrogen Ignitor Assembly shall be subjected to a postulatec*

.

Design Basis Accident (LOCA & HELB) to determine if the test
sample will perform its safety-related function during the

-
environmental conditions specified below." - ~ ~ ~ ~

.

The accident conditions (temperature, pressure, time profile5.1.2
1609-5-1 of thisspray rate) shall be in accordance with Figure

.A The test medium for the containment spray shall beprocedure.
1 of testdemineralized water. The spray rate shall be 1GPM/ft

sample surface area.

5.1.3 The Hydrogen Ignitor Assembly shall be energized with 120/1/60
VAC throughout the accident test. The glow plug temperature ,

shall be a min' mum of 1700*F. The Ignitor, Assembly shall also |

tested at 108 VAC and 132 VAC and the glow plug temperature sht
te a minimum of 1500*F and 17000F, respectively, at 108 VAC ant|

132 VAC.

5.1.4 The fol1Ning test parameters shall be recordec. during the

accident test. ,

1

O
.
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: 1..

Test chamber pressure, temperature and time profilea.*
-

e b. Chamber spray rate (demineralized water)I

c. Input power and current to test sample
,

d. Glow plug assembly temperature '
"

..

'

e. Test sample case temperature~

<

l
5.1.5 The Ignitor Assembly shall be subjected to a negative pressure

i transient during the accident test.

5.1.6 The Ignitor Assembly shall be subjected to a Post-Accident
i

i Functional Test.
i _ . . .

5.2 Test Procedure 7

" ' ~ *i 5.2.1 Test Setup-

:

5.2.1.1 The Hydrogen Ignitor Assembly shall be installed in
.

I, the test chamber as shown in Figure 1609-5-2. The

ignitor assembly shall be connected to a regulated|,
power source. A theru.ocouple shall be attached to

|| the ignitor glow plug to measure the glow plug
i

temperature. One additional th'ermocouple shall be
attached to the Ignitor Assembly Case to monitor
the case. temperature. The thermocouple (s) used to

\

monitor and control the test chamber temperature.

shall be located within six inches of the test
> t. sample.{

(~
-

>.

t .

;i
.

,

,.-
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5.2.1.2 A steam spraying / water system shall be set up 1[iside

the chamber for use during the portion of the test~

requiring saturated conditions.*

5.2.1.3 A second chamber shall be setup in order to provide a
negati te pressure transient within the LOCA chamber.

5.2.1.4 After completion of the test setup and prior to the
s: art of the accident test, the test sample shall be
energized with a 120/1/60-VAC power source. The glow
plug temperature shall be a minimum of 1700'F. Record

:the glow plug temperature, voltage and current.
De-energize the slectrical power to the Ignitor
Assembly.

- .-

5.2.2 Instrumentation and Recording Ecuipment

5.2.2.1 The following test parameters shall be recorded on a
Fluke Model 2240 Datalogger:

.

a. Test chamber temperature- -

b. Test chamber pressure ,

c. Glow plug temperature

d. Ignitor Assembly case temperature

e. Time

I
.

I
O

.
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u

5.2.2.2 The following test parameters shall be manually-
.

8 monitored as required:.

t' .
- .

i a. Input voltage
'

b. Input current'

5.2.2.3 The parameters listed in Paragraph 5.2.2.1 above sha'
be recorded at the time intervals listed below,

l -

a. The test data shall be continuously recorde
g

during the initial temperature transient
I .;..,_...

from 185'F to 330*F.
'

.w ) b. Test <!sta shall be recorded at 5-minute'

~
' intervals at the temperature of 330'F.

i c. Test data shall be recorded at 15-minute"'
'

t intervals for the remaining portion of the'

test profile.
<

!-
t

5.2.3 LOCA and HELB Test
.

*

5.2.3.1 The test chamber temperature shall be increased to a

stabilized at 185'F. The' test medium shall bef
saturated steam, he Ignitor Assembly shall then be
energized with a 121-VAC, single-phase, 60-Hertz por

e source. Allow the glow plug temperature to stabili:
and record its temperature. Also, record case.

temperature, input voltage, and current. De-energi:t-

{. the electrical power to the Ignitor Assem51y.

I'

:D
} - .

i
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5.2.3.2 The Ignitor Assembly shall then be subjected to the
temperature, pressure, time profile shown in Figure
1609-5-1 of this procedure. The test media shall be

.

superheated and/or saturated steam. The following t
parameters shall be recorded at the intervals specif
in Paragraph 5.2.2 above:

a. chamber pressure
~

b, chamber temperature

c. glow plug temperature ,

d. case temperature

e. input voltage

f. input-current.

. . x. .

I
l .

5.2.3.3 After the' chamber and test sample' temperatures have

stabilized at 1850F, superheated'and saturated stear
shall be injected into the test chamber to increase
chamber temperature to 330*F. The time required to
increase the temperature from 185'F to 330'F shall :

i10 seconds. The chamber pressure shall be a minimu-
,. I

l
.

|
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30 psig and shall not exceed 70 psig. Af ter the
- .

temperature and pressure conditions have been obtained.
.

the demineralized water spray shall be initiated. The-

o.
spray rate shall be 1GPM/ft *of the test sample surface2.

area. The Ignitor Assembly shall be energized with a
120-VAC potential. The glow plug assembly temperature

f shall be measured and recorded. This test shall be
repeated at 108 VAC and 132 VAC. The g'ow plugf

temperature shall be 1700*F minimum at 120 VAC and 132

VAC and 1500'F minimum at 108 VAC. After these
operational tests are completed, the Ignitor Assembly'

' shall be energized with a 120-VAC potential. This
i

voltage shall remain applied for the remainder of the
s

7.7-day test. The 330*F and 30 to 70 psig condition, ,

' specified above shall be maintained for a three-hour-7 : ~ 4

time period. A chamber pressure of 70 psig shall be
maintained for 10 minutes during this time period to
simulate a hydrogen ignition.

.

5.2.3.4 After three hours at 330*F, the chamber temperature
!

shall be decreased to'310 F. The chamber pressure0'

shall be a minimum of 30 psig and shall not exceed 60
j

These conditions shall be maintained for threeI psig.
hours., ,

5.2.3.5 At To + 350 seconds, the Ignitor Assembly shall be
subjected to a negative pressure transient as shown in,

-

|,
-

;

l'
'
..

('

,i .

g
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.

*

i
-

. _ _ _ _ __
_



_

Pan a . w-8 r
4[ @ D Co ate Consulting 1600-5. Rev. 1TSILMJHL & Development Compan7 $ ' #8de.uunt me.

76/8/82 paggissur DATE _
Koger Esecww Center IACPARc0 IY- DATE

959-762.W1Raw N C M22 *PO e:, EC96 *

AP9noVED sv DATE

oATr_
TEST PROCEDURE . . ArenovrD sv

' Q A REVIEW SY Dave j'

s

Figure 1609-5-3. The Transient shall be accomplish 8

by the use of a second chamber (Chamber No.2) of a

suitable size in which a suitable vacuum has been
established. Through the use nf a control valve.

between Chamber in. 2 and the LOCA chamber, the

pressure in the LOCA chamber shall be reduced as sb
in Figure 1609-5-3 to a pressure of -14.0 psig +10;
The rate of depressurization anci pressurization sr
not exceed the maximum values shown in Figure 1609

Note that during the negative pressure transient tt
demineralized water spray and steam inlet valves sr

be closed.

I

5.2.3.6 After completion of the three hours at 5100F, the
-W . ---

chamber temperature shall be reduced to 2500F. Th
chamber pressure shall be 15 psig. These conditic
shall be maintained for 7 days and 11 hours. Duri
this time period a steam spray / water systen, shall

operation to insure saturated conditions inside tr
:. ~ 'r.

..

5.2.3. ;ompletion of the Accident Test, the test c'
shall be opened and a Functional Test performed.

1Functional Test shall consist of measuring the 9 :
plug temperature with an electrical potential of
120/1/60,1LO8/1/60 and 132/1/60 applied. During ' i

.

I

O
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l of the above tests the voltage, current, case
temperature, ana glow plug temperature shall be

,

g recorded. The glow plug temperature shall be a min,

;
of 1700'F at 120 VAC and 132 VAC and 1500*F at 108

( The Ignitor Assembly shall then be removed from tes-
'

( chamber and visually inspected. Any deleterious ef

noted shall Fa recorded.
-
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'

i

f
,

O

LOCA Chareer Pressure
;

/ 30 to 60 psig
55J

Continue LOCA test. j

f ' Refer to Figure 1609-5-1.
$0 .

|

db"' Depressurization rate to
atrospheric pressure not specified

j

A0-

35- -

7
%
a: 30- ~

.
'

ea

$
||: 25- Pressurire to LOCA conditions.

=F^_. E + 4.5 psi /sec max"
,

-20 psi /sec
j max

15--

10- .

-14.0 psig 2 10t

0
5 10 15 20

Time (seconds after To + 250 sec)

Figure 1609-5-3 hegative Pressure Transient
Test Procedure 1609-5
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HYDROGEN BURN TEST

f

6.0 The requirements and procedures for the Hydrogen Burn Test of the
Hydrogen Ignitor Assembly are described in the following paragraphs.

Test Requirements

6.1.1 The Hydrogen Ignitor Assembly shall be capable of igniting a R1

combustible concentration of hydrogen and air. The Ignitor
Assembly shall ignite mixtures of 4 to 12 percent hydrogen by

)c

vol ume .

R16.1.2 The Ignitor As::embly shall remain operational after being
subjected to nulti-ignition of the combustible concentration of

i

hydrogen and air mixtures.

R16.1.3 The Ignitor Assembly shall be tested at the specified extremes
of the power supply voltage to demonstrate it will ignite the

g

combustible concentration of hydrogen and air. The test

| voltage shall be 120/1/60 VAC, 108/1/60 VAC, 132/1/60 VAC.
1

R16.1.4 The Ignitor Assembly shall be subjected to a minimum of 100c
l ignitions of the hydrogen and air mixture specified below.
1

~

R16.1.5 A spare te:t sample will be used to calibrate the test system
and to verify ignitor assembly operation prior to installing

-

the actual test sample in the system.
(v}

|

i @

1 _
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6.1.6 The data obtained from this test will be used to establish R1

a known operating procedtce for each test condition specified
below. The intent of this test is to prevent over or under j

testing on the actual test sample.

6.2 Test Procedure

6.2.1 The Hydrogen Ignitor Assembly shall be placed in a test chamber R1

that has a known volume. The Ignitor Assembly shall be i
I

instrumented and electrically connected to a power supply as

shown in Figure 1 of this procedure. The Hydrogen Ignitor

O Assembly shall be tested in each of the conditions specified
in the table below.

H / Air R2Number of Input 2

Ignitions Required Voltage (VAC) Mixture (% by Volume)
4

4 120 4 5%

4 108 4 tS%

4 132 4 5%
t

4 120 8 15%

4 132 8 35%

4 108 8 iS%

4 108 12 15%

4 120 12 iS%

4 132 12 25% - -

*7b 120 as required to obtain R1

multiple burns.*

.

'i
V multiple burns shall consist of one ignition followed by another*

Flow of H / air mixture shall be interrupted between R2ignition. 2

ignitions. |

. _

1 F-067
_ _ _ _ _ _

_



. . .

??) Corporate Consulung 1609-6 Rev. 2M GM & Development Company. Ltd. PRDCEDURE No__

IS$ut DATE _ PAGE 3 4_y
Koge E=ecut.ve Center

PREPARED SY DATE
Rae N C 27E22 919-7 & -3441

- '* ;X96 +*

APPROVED sV_ |LTE

TEST PROCEDURE arenovr0 sv DATE

Q A EVIEW BY DATE

i

6.2.2 The following test parameters shall be measured and recorded R1

during each of the ignition tests specified above:

I

' !

a. input voltage

b. current

c. glow plug assembly temperature j

|
d. test sample case temperature

e. hydrogen / air burn temperature

f. hydrogen / air mixture (percent by volume)
R1g. chamber pressure

The parameters shall be recorded with a computer data acquisition | |

S |
,

system.
i

R26.3 Test Results
The prime test sample was subjected to the Hydrogen Burn Test in |

accordance with the requirements and procedure specified above. Wyle |

Test Report 57149, documenting the results of the test, is included in |

Appendix K to this report. |

1
e

The test sample complied with the Hydrogen Burn test requirements. The |

instrumentation and equipment used in the performance of the fu'ctional |

tests, along with their calibration due dates, are shown in the Wyle |

report in Appendix K. |
'

I

Paragraph 6.2.1, above, was revised ta show that, during the multiple |,

burn portion of the test, the H / air mixture was manually interrupted |2

for each . ignition. |

I I

|

IF-007 |
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I

Current Mater
f

/ Hydrogen Ignitor,

Assr%1y' g f /
.

I

I '

Voltage [ '
120/1/60 changer

-

,

*
I|: // 1;l

III213f |
. .

.

Digital
Tegerature
Readout

Figure 1609-6-1 Hydrogen Burn Test Setup
'

Test Procedure 1609-6
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TEST REPORT

57149REPORT NO.

f.d . SCitNTIFIC SERVICt3 & SYSTEMS GROUP OUR JOB NO. FS 57149
/ ) WEST &tN CP! AATIONS, NoRCo FACluTY

' kj CONTRACT N/A
,

1333YOUR P. O. NO.Corporate Consultants and Development Co., Ltd.
P. O. Box 30096
Raleigh, North Carolina 27612

'
233 Pages

DATE 5 October 1982

'- This is to certify that the enclosed test data sheets contain true and correct
data obtained in the performance of the test prograr,t as set forth in your pur-
chase order.

Test methods, results, and equipment used are recorded on these data sheets.

Where applicable, instrumentation used in obtaining this data has been calibra-
ted using standards which are traceable to the National Bureau of Standards.

SUMMARY:

one hydrogen ignitor assembly was subjected to a hydrogen burn test in9
| ) accordance with the Corporate Consulting and Development Company Test Proced-

ure No. 1609-6, Revision 1, dated 6/8/82,

t

II
!

STATE OF CALIFORNIA 1 DEPARTMENT FLUID SYSTEMS
COUNTY oF RIVERSIDE / *

| Rav C. Myrick . beins c=ty sworn, DEPT. MGR.j deposes and says: Tr.at one information contained an this report is une r.sult of f
,_ complete and carefully c ducted tests and is to the best of hu knowledge stus R. *epelevitch
I( snd correct in all rese * //

TEST ENGINEER 87M' '

[ [ R. Stepele9 itch

$UB Da worn 4o before m d of CCtOber ,19 82

fMb K |rg ._
d,ot ar

O y Public in and for the Cakof Riversade.
see of Cahfornia

. u n ce _ _11 2 tiv . _ i, 83 Og ,

- 1 CFFICIAL SEAL DCAS-QAR VERIFICATION' ' '
CATHERINE C "ELTY M8 NOTARY PWSUC - CAUF RNfA N/2[ Wi . -

W-867A -

Rivtast:E COUNTY QUALITY CONTRO
*

'

i e My comm. espina NL !4.1983 L. Housteau
"

_

-

__2._ _ _-_,,__ _

_ _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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WE MM3 REPORT NO. 57149

$CIENTIFIC $ERVICES & SYSTE/A5 GRoOP

_ { WESTERN oPERAT!oNS, NoRCo FACIUTY PA44 NO _

t \g

1.0 TEST SETUP AND PROCEDURE

A spare igniter assembly was used for facility checkout and the estab-,

lishm nt of test parametcrs. Upon satisfactory checkcut, the test
ignitor assembly was installed in the combustion chamber as shown~in
tne Figure 1 cchematic and also the photographs on pages 7 and 8.

The test was performed in accordance with the Corporate Consulting and
Development Company, Ltd. procedure and supplemented by the detailed
Wyle Laboratories Checklist, Job :'o. 57149. The required hydrogen / air
mixtures were established by flowing a measured amount of hydrogen over
a specified time period into an evacuated chamber of known volume. -

The following parameters were recorded on a computer:

1. Input voltage
2. Current

Hydrogen / air burin temperature ' chamber)3. T1 -

4. T2 - Glow plug asserbly temperature
Ignitor asserbly case tamparature5. T3 -

Combustion chamber pressure6. P1 -

<
( Video tape coverage of the chamber internal ignitions was also provided.''

2.0 TEST RESULTS

- The parameters listed in Section 1.0 were recorded on a computer and
data plots are included in this report. During the ccurse of testing

|
the glow plug assemnly thermocouple became heat damaged. A post-test
calibration was performed to verify glow plug temperature. There w,,s
no visual damage of the ignitor assembly observed. There was no
malfunction of the ignitor assembly during the test program.

e

4

'

.
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k DATA SHEET
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R - / 4 <9 2.Coe ea1mr x n s __ o ,.

}3 G u F. J. O P nn E n V [ cmp.
2 c:m.n h aso m 4 (x / d n | D n A.rs /

' RECEIVING INSPECTION

No.of Specimens Received: ON/
Record identification information exactly as it appears on the tag or specimen:

Manufacturer "h ,/ A

Part Numbers Of4

How does identification information aopear: (name plate, tag, painted, imprinted, etc.)

N/A ''
A

I

Serial Numbers:* A//A
i
1

* |
|

_

.

Examination: Visual, for evidence of damage, poor workmanship, or other defects, and completeness of identification. f
!Inspection Results: There was no visible evidence of damage to the specimens unless noted below.

' We A N Dn s a er r_s I n a 1rnisne
*

t To m ,*m Je m ,, r_1 oru |x , .s .-

\
h rn u t_ enn sn ? n La @
i .A n *, 49, #L a < m e r'.1,*r m en s P 3x ,e - 3

,

* If additional space is required for serial numbers, use an additional page, or reference first functional test data

"O' sheet (if applicable). Ar A _

W-)-f n -sn.a.e1.a e,

shut No.Q ,1
-

/2 of
sooro,.4 X- P LG Ai f n d c/A out., K- 27- 82

/w4u
Q.c. "orm approv i M

_ - _
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CUSTCMER CORP 0 RATE CCNSUL7A" NT3* $ O f V! (O' 006 No- A SI|Y
NYD20 GEN .TG/H7"ch: 8 ESEMS L Y O 29 UDate StartedSpecimen

Part N'c # Serial No. # O !30 NDate Comp.

Spec./_6_ 0 I - d 8'EV l 6O Photo VES Amb. Temp. W -- /8 YPar.

_

t
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R0 port No. 57149

Page Nc. 9
TEST CHECKLIST JOB NO. 57149

i
4

1. Verify .irea cleer.

2. Verify calibration /zero checks on instrumentation ccmpleted.

3. Close X-ducer solenoid valve.

4. Adjust variac to obtain required ignition voltage,
r

". Evacuate chamber (30 see min.)
6. Open test chamber "Atmo" valve and allow air to enter.

7. Open X-ducer solenoid valve and activate circulation fan.

9. Computer ready.

| 9. Flow GH into chamber for required mixturea
2

Req'd Ignition CHK *

Voltace Mjgture Flowmeter RDG. Cycle No. OFF

120 4% 6.45 1

120 44 6.45 2

120 44 6.45 3

120 44 6.45 4

108 44 6.45 5

108 4% 6.45 6'

,

108 44 6.45 7

108 4% 6.45 8

132 44 6.45 9

' 132 44 6.45 10

132 44 6.45 11

: 132 4% 6.45 12

120 8% 9.6 13

r 120 8% 9.6 14

120 8% 9.6 15

120 8% 9.6 16

132 8% 9.6 17

(; 132 84 9.6 18

132 8% 9.6 19

132 8% 9.6 20

108 84 s 9.6 21
,

108 8% 9.6 22,,

108 8% 9.6 23
,

108 8% 9.6 24

__ _ _ _ - _ _ _ _ _ _ _ _ . . . _ _ _ _ _ _ _ , . , _ . . - _ _ _ , , - - . . . . _ . - - - __ _._.._ _ -. _ _ _ _ __
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Report No. 57149

Page No. 10
Req'd Ignition CHK

Voltage Mixture Flowmetee RDG. Cycle No. OFF

.C' 108 12% 12.65 25
8

108 12% 12.65 26

108 12% 12.65 27
~

108 12% 12.65 28

120 12% 12.65 29

120 12% 12.65 30

120 12% 12.65 31

120 12% 12.65 32

132 12% 12.65 33
'

132 12% 12.65 34

132 12% 12.65 35

132 12% 12.65 36

10. Computer on -- verify ready light.

11. Video on.

12. Activate ignition switch (repeat process for all conditions listed,

p 36 ignitions.)

E Multiple ignitions (37-->100) .

13. Evacuate chamber.

14. Adjust variac to * selected voltage.

(* customer)

15. Cpen chamber "Atmo" valve.

16. Verify X-ducer solenoid valve open and circulation fan operating.

17. Computer on.

18. Video on.

. 19. Flev GH at '.2% mixture flow rate f12.65 div.).
2

! 20. Activate ignition switch and allow ignition to occur.
|

21. Verify ignition has occurred by tbserving chamber air temp and pressure
! activity un visicorder. Close GH2 *"UE1Y'

I 22. After ignition has occurred, hold for 30 seconds and open GH valve to
2

| flow gas into chamber.

23. Repeat Steps 21 and 22 while recording data on computer and operating
video tape.

,

24. Secure test setup. n/ 7 SI

-

__ . _ - - ._
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