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AFFIDAVIT OF WILLIAM C. RAMSEY

State of Alabama

County of Jefferson

After being duly sworn according to law, the undersigned affiant,
William C. Ramsey, states and deposes that the following is true and
correct and of his own personal knowledge.

1. I am William C. Ramsey. I am employed by Southern Company
Services, ITnc. as Manager-Nuclear Plant Projects Licensing, Nuclear
Safety and Fuel. I am a mechanical engineer and I have been involved
in Nuclear Power Plant Design for the past thirteen years. I am a
member of ASME, Chairman of the AIF Seismic Qualification Working Group,
a mem“er of the AIF Equipment Qualification Subcommittee, and a member
of the EPRI Technical Advisory Committees for Electrical and Mechanical
Equipment Tualification. I orgarized and chaired the Vogtle Electric
Cenerating Plant Equipment Qualification Task Force.

2. Dose Rate: The qualification tests tor the electric cables
used at Vogtle complied with IEEE Standard 383-1974, "IEEE Standard for
Type Test of Class lE Electric Cables, Field Splices, and Connections
for Nuclear Power Generating Stations," which was endorsed in NRC

Regulatory Guide 1.131, "Qualification Tests of Electric Cables, Field
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Splices, and Connections for Light-Water-Cooled Nuclear Power Plants"
(August 1977). Paragraphs 2.3.3.3 and 2.4.2 provide that the rate of
radiation exposure shall not be greater than | x lO6 rad per hour.

3. Synergism: The qualification tests for electric cables
considered the synergistic effects of heat and radiation. FSAR, Table
3.11.B.3=-1 (Sheet 11). In accordance with Section 2.3.3 and subsecticns
2.3.3.1 - 2.3.3.4 of IEEE-383-1974, cable was subjected first to
circulating air oven aging, then to gamma radiation in air. An inert
atmosphere was not used.

4, Termiral Blocks: Thece are no terminal blocks in safety-related

applications inside the Vogtle cortainment. Also, there are no terminal
blocks in safety-related applications outside containment that are
necessary for accident mitigation and that could be exposed to, and
therefore need be qualified against, a steam environment.

5. Limitorque Motor Operators: In 1981 and 1982, Limitorque Motor

Operators failed environmental qualification tests in high-temperature
steam environments. As a result, Westinghouse and Limitorque designed
new motors, which were then successfully qualified for a high temperature
steam environment (420°F). Negotiations for the procurement of these new
motors as replacements for unqualified motors at Vogtle commenced in
September 1982 and were recently completed. Applicants have ordered
these new motors as replacements for the motors in containment.

6. Hydrogen Recombiners: In addition to the tests listed in

the FSAR at S 6.2.5.4.1, the electrical components of the Westinghouse
electric recombiner were subjected to 2 x 108 rad radiation. WCAP-7820

(Supp. 2) (Oct. 1973) at S 3.6 (Attachment 1 hereto). Then, to meet
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the requirements of IEEE-383-1974, the power cable was subjected to

thermal aging, irradiation, post-LOCA containment steam and spray
exposure and voltage tests. WCAP-7820, Supp. 7 (August 1977) at 9,
12 (Attachment 2 hereto). The Westinghouse recombiner does not have

pressure transducers.
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Subscribed and sworn to me
this -7£ 4 day of June, 1984.
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SECTION 1
INTRODUCTION

The Westinghouse Electric Corporation has developed, tested, and produced am electric nygro
gen recombiner for installation inside reacior containment for use following » postulated loss-
of-cosiant accident where such equipment is needed 10 meet the requirements of USNRC
Guide 1.7

The development and qualification program for the eiectric recombiner hes involved extensive
lesting on both prototype and the production rycombiners. This testing was described in
WCAP-7708 L and Supulements 1, 2, 3, 4,5 and 6 and cemorsirates qualification of the
recombiner to IEEE 323.1974 ang IEEE 344.1975.

This report provides gqualificetion test resuits for the recombiner power cable (iocated
inside the containment), the recombiner control and power supply panels (located
ouvtside the containment) and additional features which may be selected by the customer.
Also inciuded are resuits of testing which further demonstrate the comservative design of
the recombiner,

Supplement 7 concludes the qualification documentation for this hygrogen recomnbiner model,
§



SECTION 2
SUMMARY

The following tests were performed on the recombiner to provide additional information

Seismic tests were performed on the power supply and control panel using
both Diaxial, random frequency tests, and biaxia! sine beat tests with the
equipment energized. These tests again demonstrate the ability of thess
components 10 withstand seismic events.

Capability of the recombiner to operate with sume heaters inoperative was
demonstrated by disconnecting varying numbers of heater glem ~°s, then
testing to determine temperature Jistribution and maximum powsr sttainable.

Power cables were qualified 1o IEEE-383-1874 by performing environmental
and flame rests.

Power supply and control panel short-term operation in 8 high-tempersture
environment was demonstrated by operation in & lemperature-controlied
enviranment for 10 days. Th* power supply was operated at 135°F and the
contro! panel 8t 155°7F

A col¢ reference junction box, which perrrits the use of copper containment
penetrations for the recombiner thermocoupies, was developed and tested 10
facilitate recombiner installation,

An automatic temperature controlier for the recombinar was ceveloped and
tested 10 NArMIt automatic temperature contro’ for the recombiner shouid
this mode of operation be desirable



SECTION 3
TESTS AND TEST RESULTS

31. SEISMIC TESTS OF POWER SUPPLY AND CONTROL PANEL TO
IEEE 344-1975

The power supply and control panel have been previously subjected to sirigle-axis sine-beat
testing ‘while in the nonenergized mode. This informatic= is reported in WCAP-7700.L
Supplement 2. These previous tests were performead on both a prototype and production
power supply ano control panels. Since these tests were performed, IEEE 344.1975 revision
has beer issued.

A new seismic test was performed using biaxisl motion and both random frequency and sine
best input. These tests were performed on a 'productior‘ power supply which was energized
#t normal power. These tests again demonstrate the ability of the power supply and controi
panel to perform their intended function after five Cperating Basis Earthouakes (OBE) and
s Safe Shutdown Earthquake (SSE),

32 Test Method

The powe: supply end control panc! werg mountes o~ the drioe Ligle of a vibratlon tabie a
the Westinghouse Advanced Energy Systems located at Large, Pennsyivania. The control panel

© wes glectrically cqnnected to the power supply which was then connectsd 1o an electrical

load (elactric recombiner heaters held in & rack) The test serins consisted of resonsnce
frequency ssarch plus five ORE's followed by an SSE The input for the five OBE's wes 8
biexial, random ‘requancy while the SSE was 2 biaxial, s'=c beat input. The angle of
motion of the table was set to produce vertical sccwlerations which werc 2/3 the magnitude
of the horizental acceleration. For the sime-best test, ‘Our secarate tests were run Firgt, the
squipment wat mounted 45° 10 the horizontal piane of motion, then rotatec 90° for each
of the next three test runs n accordance with paragraph 6.6.6 of IEEE 344.1875,

Tha scceleration levals for the OBE tests are shown or figure 3-1. The crainate is the response
soectra with 8 2 5 parcent damping factor. The input was mage up of decaying sinusoids
covering the frequency range of 1.25 to 35.0 maz,



The sine beat test was performed at each resonance frequency ang 3t thé ‘olicwing frequencies:
1.26, 1.75, 2.8, 3.5, S, 7, 9.5, 13, 18, 24.5 and 33.5 Mz. Each sine best test consisted of five
beats, each containing 10 cycles as shown in figure 3 2. The peak horizontal sccelerations are
shown on figures 3.3 and 3 4. The sine beet test was run four times. (Once for each equipment
mounting direction) without component failure. It was necessery to-8¢c one wiring harness
strap and to modity the temperature indicstor mounting Dracket early in the sine beat test,
however, 8 total of four consecutive tests were run with the equisment in its final contiguration.
{The wiring harmess straps and mocified bracket will be incorporated in the new eguipment.)
This testing conforms to the requirements of IEEE 344.1975 ""Recommended Practices ‘or
Seismic Qualification of Class 1E Equipment for Nuclear Power Generating Stations.”

33 RECOMBINER HEATER CAPABILITY UNDER OFF.DESIGN CONDITIONS

The purpose of this test was t0 demonstrate the reserve capacity of the hydrogen recombiner
heater system The heater Danks and heater elements have been successtully testec under ex
treme post:-LOCA environmental conditions as reported in WCAP.7708-L Suppiements 2, 3, 4,
and 5. These tests include nosr-1.OCA environmental exposure for one year. Based on these
tests, no heater elurment failures would De predicted during recombiner post-LOCA se~vies.
However, to demonstrate by test, the extent of the recompiner’s abiity 1o operate with less
than the full complement of operational heater elements, & lust series was performed

3.4 Test Mathod

For this wst, @ production recomBbiner, pOWer SuRDly ang coNtrol Danel ware connected to 2
power source. Thermocoupies were attached 10 esch heater Dank and were read out on 8 strip
recorger. The power outpur of the recombiner was measured with the sower meter on the
control panel. The control panel was equipped for automatic and manual power control as
described in perwgrach 3-14 of rhis report. Before test readings wers taken, the exact voltage
of the input power was measured and readings were normalizec to 480 Vac. To establish a
reference baris, the recomBiner was first testec with all heater e'ements operationa!. The
recombiner was neated to 1200°F and stabilizec at tris temperature. Readings were taken

to measure the steady-state power required 10 Maintain this temperatura The power controiler
was then set on fuli power and this value was recordec. This igtier valye 15 the maximum
power the recombiner will draw at 1200°F. (Heater element flament resistance s slightly
temperature-cependent),
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Egliowing this, hewter wlements ware disconnected in verious heater Sanks 23 listed m table 31
This reduced the number of operational heater elements. The same test was then run for each
case listed in this table. The temperature Cistribution within the recombiner for various combi.
nstions of hester elements disconnected s shown on figure 3 5, This shows that only slight
varistions occur in the temperature profile. Table 3-2 shows the amount of reserve capacity in
the recombiner with various numbers of heater elements in nonoperation.

36 QUALIFICATION OF POWER CABLES TO IEEE 383.19874

The power cables for the recombiner have been previously tested, along with the heater banks
in the post-LOCA steam and spray environment, subjected 10 2 x 108 rad irradiation and
seismically tested with the recombiner. This testing demonstratec that the cables are wel!
qualified for the intended service, however, the testing aid not completely conform to the
procedure outlined in (EEE 3B83.1974, Standerd for Type Test of Class 1E Eleciric Cables.
Field Splices anc Connections for Nuclear Power Generating Staliuns. To meet the requirements
ot Section 2.4 of the Standard, which treats environmental exposure, 8 series of tests were
performed which included thermal aging, isradiation, post-LOCA containment #27am and soray
exposure and voltage tests. These tests were performed on cable teke from a production ryn

IEEE 383-1974 ulso includes Flame Testing under its paragrach 25 This test is to demonsirate
that the cable does nat propagate fire, The recombiner power cable was tested in accorCance
with this paragraoh.

3.8 Test Material

The following it 2 detcription ot the reaombingr power suble whigh was test ¢
4/c =8 480 Volts Power Cable
Conductor -~ #8 AWG 7/0 0486 Nickel-Plated Copper

insulation —  Meat anc radiation resistant poly:mide tape. 8. mil wall
covered with a2 glass braic saturated with a “eat-and
radiation-resistant vernish. Conductur cocded Dy colored
tracers in the glass braig. Conductors cabied with glass
filters.

Jackat - Extruded heatand raciation.resistant silicone rubber
60-mii wall. A giass braia saturated with varnish 8
applied over siiicone rubber.

Cavie 0D ~—cemmmem—m - 0.580 ingh (mominal)
Cable weight - = —= « c===m 3297'°’M' (noming!)
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TABLE 31
HEATER TEST WITH ELEMENTS DISCONNECTED

TABLE 3.2

HEATER TEST RESERVE CAPACITY

b.c



The test material came from Wastinghouse Sturtevant Division ang was 2 part of ¢ 1,000 #.
cable orcer.

" Manuleciurer: BOSTON INSULATELD WIRE AND CABLE COMPANY
Boston, Massachusetts

Rated for 480 Vac. 60 M2 at 45 amps in 400°F ambient
The installation of the cable utilizes ring-type metal lugs crimped onto each concucter,

37. Test Procedure for Post-LOCA Environmental Tests (Paragraph 2.4 of
IEEE 383)

The teating was cerformed st the Atomic Power Department, Westinghouse Canada Limites,
Hamiltan, Ontario. The cable received from Westinghouse Sturtevant Division was cut into
two test samples, each approximately 12 feet iong. One samole was subjected 1o the follow-
ing thermal aging,

'

® Form cable into 2 coil and place in air oven at | } b.¢
This simyulates 40 years of normal life as ceterrnined from figure 4.2.3
of WCAP-8587 "Environmental Qualification of Westinghouse NSSS
Class 'E Equipment”

B Tallawiag this, the aged veble seple ad tie wioyed weie culleu arounc
8 14.inch.diameter metal mandrel snd subjected tc the tollowing zamma

irradiation
Tow Qo ~——vovmeanncnc—eces 2.2 x 108 rae
Oose Rate ——-=-vee——- —mmm——e=Average 1.88 x 10° raa/mour

The irradiation was conducted in the McMasters University Mot Cell located in Hamilton,
Ontario. Since the cadbie s !ocated inside the recembiner, the cable is shielded to some
extent; however, ra credit 1§ taken ‘or this in setting the cose rate at 2.2 x 108 racs.

38 Steam ‘and Spray Testing

Upon compietion of the irradiation, the cable samples (agec anC uneged) were claced in a
prassure vessel as shown o ligure 3-8, This vesse! was 2onnected to a steem and air supply
The spray svatem was @ part of the test facility. The cabie was supported on a metal mangre!
grounced to the vessel Electrical power penetrations in the vessel wall were used t0 wpe'y
the power 10 the tes. cebles. The two test cables were connaced in series 50 that Soth cables

i 12 i
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were subjected 10 voitage and current. The power 0 the cables come from the recombiner
power supply and the electrical load was the recombiner The 28 kw heater Dank, which is
the largest load on the cables, was attached !0 the cadies and the power supply was energized
to full power throughout the test.

For the shakedown test, the power to the cables wes turned on to full power, The steam 0
the vessel was then rapidly injected t0 106 psia. This pressure was then neld for 26 minutes
and then reduced to 66 psia. Afrer 2 hours and 35 minytes, the soray system was s.arted anc
operated for 15 minutes with the vessel pressure at 64 7 psia. The shakedown test was com
pleted and the ‘ocility was shut down. The iong-terrn wressure test was then begun. This
consisted of rapid pressurization of the vessel t¢ 106 psia (322°F) with fJll power on the cable
(29 kw). The spray which contained 2,000 pem boren as boric acid buffered with Na OH to
8 pH of 10.5 was turned on 2 rminytes after the pressurization. After 15 minutes, the peak
prassure was reduced to 85 psia (312°F) with the soray on. This pressure was held for 15
minuies. At this time, the pressure was recuced ¢ 45 pea (227°F) with spray on and held
for 1 hour and 27 minytes, At this time, each cabie was checked electrically 10 verify that it
was still properly energized. Atter 2 hours and 8 minytes, the oressure was reduced to 30 psia
(287°F) with spray on. This pressure was hed for 20 nours. The spray was on for 8 hours
10 minutes. (Since the spray cannot impinge, on the cabies inside the recombiner, the use of
spray in the test is somewhat more severe than the real situation). The pressyre was ..en
reduced t0 20 psia (180°F) and continued for 5 days. At this time, the presrure was raised
to 25 psia, (195°F) for 10 days. The pressure was then recuced to 20 psia (180°F) for a
total test time of 33 Cays. The cables were energiced at full power throughout the test. Afrer
this test, the cables were removed from the vessel and visually examined. Some discoloration
vl I 2 glass overbraid which covers the silicone rubber cabie jacket was evident

39 Voltage Testing

Foﬂﬁwing the steam testing, the cable was removec from the coil ang stra'ghtenec. 't was then
recoiled around a 24 inch-diameter metal mandrel. The cable snd mandgrel were then immersed
in tap water a';d a voltage of 640 Vac was 3o0lied to the concueters ‘or 5 minutes. The
cables (aged and unagyed) successfully rassed this Lest

310. Flame Testing Per IEEE 383, Paragraph 2.5

The purpose of this test is 10 cemonstrate that the cabie coes NOt orouegate fire even (1 1%
ouler covering and insulation nave been destroved n the area ¢f ‘lame mpingement IEEE
3831974, Paragragh 2.5 describes a method for flame testing cabies,

Qa
-

For this test, cadie samples rom 8 production run were subjected 1o the vertical tray lest
using 8 ribbon ges burner as cescribed in section 2441 of the 'EEE 383 Standard.

14



Testing was performed at tre Boston Insulated Wire Company test facility at Plymouth,
Massachusetts. The test procedure described in sections 2544 2 254 43 and 25444 way
used and the scceptance criteria a8 describec in 2.5 5 was the Basis ‘or acceptance. Tha cable
wes tested and mat the criteria In section 2.5.5.

31, HIGH TEMPERATURE ENVIRONMENTAL TESTS OF POWER SUPPLY
AND CONTROL PANEL

The purpose of this test was to demcnstrate that the power supp'y and control panel will not
De adversely affected Dy operation in an elevated temperature environment. The power supply
and control pans: are located external to the containment and are accessible after a LOCA.
For plants located in extremely warm climates, same ureas otherw.se suitable for power supply
and control panel installation, may have shortterm maximum post-LOCA temperatures higner
than the normal NEMA Standard (40°C). To brosder the number of plant aress suitable for
power supply and control pane! installation, the power sunniy was tested at 135°F, and the
control parel at 155°F for 10 days. These tests show that, short-term, high temparature
exposure does not adversely «ffect these components.

312 Test Method

To form a high-temperature environment around tne power supply and contral panel, cnciotures
& shown on figure 37 were constructea. The heat losses from the power supply isolation
transformer supplied sufficient heat to heat its enciosure 1o the desires temperature. The contro!
pane! enclosure was Neated Dy & spece heater which was thermaostatically controiled. The nower
supply was connected 1o A production recombiner which served as the electrical loss amd also
with the control panel. The test was conducted f~r ten days (240 hours) with no detectable
scverse affect on either tne power sudply or control pan |,

313 COLD REFERENCE JUNCTION BOX FOR RECOMBINER THERMOCOUPLES

The recombiner uses three chromel.alumel tharmocoupies 1o measure recorbiner onerating
temperature. Since the recombiner is located neide the containment ang the temperature
reedout instrument is 'ocated on the control panel ocaled outsige the cortainment it is
necessary 10 either grovide chremel-alumel ¢ontainment {rdment wire penetrations or use

8 cold reference junction hox located insije the containiment (n some INSTANCAS, ~ONTAINmMenrt
cesign, inc'uding penetration ¢ *ign is complete befcre the recombiner imstaiiation design is
complete so there aie Ne chrome-alumel Conlainment peretrations [usually copper Denetrat ons
are availgble).
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To slwviate this problem, a simpie cold reference junction box hes been cesigned and testec
which is compstible with the Honeywell Dialatre! temperature indicator which is supplied
with the recompiner control panel.

Figure 3-8 shows schematically the installation of the junetion box. Chromal-alumal lsacs arg
run from the recombiner 1o the junction box which can be located near the contzinmen?
penetrations. Ccoper leads are then run through the penetrations 1o the contro! panel, The
compensator in the junction DOx is connecied 0 the indicator with copoer ieads. The eom.

pensator is & temperature-sensitive, wire-wound resistor cncapsulated in a ceramic type matenal,

The compensator was irradiated to 2 x 102 rag, then placed in a steam environment at 300°F
while energized. No measurable degradation in resistor output was detected, The junction bex
end harcware containing the compensator and terminals is the same make as previously tesred
with the recombiner in s1gem and pressure; thereésre. i1 mas been previously quaiified tor in-
containment ulage.

314, AUTOMATIC TEMPERATURE CONTROL

The temperature of the recombiner is determinec By the INPUt power level 10 the recompiier,
The normal recombiner operating procedure calls ‘or 3 manuval setting of this power level in
accordance with Technical Manual instructions. If it is desirable 1o conurol the power level by
8 feedoack signal from the recombiner thermocouples, 2 cireL’t has been developec 0
accomplish this

All circuit moditications are made in the control ponel. The major cranges in aesign are thy
sddition of 3 printed circuit card 1o the Temperature |ndicator to ade the contro! feature
and adaition of a switeh to the Control Panel to enabie switching from manual 1o sutomatic
timpcraturc control. Wiring modifications within the Control Pamei are made, however the
Control Panel interface with the power sucoly is nut chamged
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SECTION 1

INTRODUCTION

The Westinghouse Electric Corporation has developed an electric hvircgen recom-
biner for installation inside reactor containments for use following a postulated
loss-of-coolant accident where sucn equipment is needed to meet tie requirements
of AEC Safety Guide 7. This recombiner has no moving parts and does not require
any piping, valves, pumps or systems which otherwise would be required if the
recombiner were installed outside the containment. Also, it uses elez:iri:
resistance heaters tc 3eat a natural convection flow of containment atmospnere

£to a4 temperature above that regquired for the hydrogen-oxygen reaction, tieredw
causing the hydrogen to combine with the oxygen in the air wnhich is being pro-

2essei 5v the recombiner.

The development program for the electric recombiner has involved extensive
testinz on hoth a production unit recombiner and on a prototype recombiner.

w2 srevious reports have been issued whicn describe tne initial development
s 9

s = 3 & 3 dy-

ius za2 testing performed on the prototvpe recombiner. ' )
SAiL: repsrt suppiements these earlier reports and describes the subsequent
extenslve testing performed on a production unit recombiner with its associated

Jwet sugp.v ani control equipment. These tests show that the eliectric ayvirso-

227 Taiimsinar will satisfactorily perform all its intended functions.
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To estimate the amount of reserve life presen: in tne recombiner

system, the equipment tested under (d) was subjected to a series of
tests designed to produce failure. These tests consisted of a series
of applications of the post-LOCA steam pressure and sprav transient

in the steam chamber. The heaters, electrical svstem and thermc:cur.e
system were energized repeatedly. After six post-LOCA pressure trin-
sients, no functional failure was produced so testing was disconzi-ues.
The heater banks were completely disassembled and tested. All =eiarers
still functioned properlv (heated up); however, ll of the 240 i{ndi-
vidual neaters showed nondisatling sheath damage at the cold enu.

Furtaer steam chamber tests were :nen performed on another group zf

"

aeater banxks which confirmed that at least four pest-LICA pressur

iniciate this type of nondisacling ifamazs.

(&)
e

transients are required t

s . ; G '3 ,

+TTAZLACTICT tests up to 2 x LJ rads on all pertinent egquipment,
i83.u310¢ ais the elecerical components of the recombiner, hav: :ane
firmed the capadility of thre recombiner to withstand and perform

vilvy after exposure to such radiation levels.

Sel3MIc Tests up to o3 acceleration using tie sine beat metacd les-
[
confirm the capabilitv of the equipment to

e

istand a.. anticipated seismic conditions. These tests o

dr
-

o

Wit agiitional calculations, if anv, can be used to qualify ress

siners I:or individual plant sites with specific seismic regquiremen:s.

=.2277.c ground fault tests have confirmed the capability of tae
frii=mzirar Lo function with no impairment of its operation i€ a
s.ng.2 sn0rt circuit to ground occurs within any of the heaters.

«n adiitisn, secause of the excess heater capacizv provided, an sren
sf{ these heaters would have essentially no effect on
ne rez:msiser performance.

Se atove summarized tests is that the producticn recom=
%5 3ss:2iated equipment has bee:. Jemonstrated to be qualified for
ded service conditicns. As a final step, long-term recomdbiner opera-

8 are also planned to be performed.

2=2



SECTION 3

TEST PROGRAM AND RESULIS

Production unit equipment of the Westinghouse electric recombiner svstem -as
Seen subjected to air flow, temperature distridution, thermal cvcle, seismic,
containment environment, steam pressure chamber, and electrical ground faul:

tests. These are descrided in this section.

3.0 AIR FLOW TEST AND TEMPERATURE DISTRIBUTION TESTS

Th3se TWC tests were run on production recombiners to demonstrate taat the
fize configuration which controls air flow through the recombiner was

*fect and vermitted a minimum of 100 scfm air flow and alss that the ss--

*Eraituras in the recombiner reached 11350°F.
o WM TioWw Tests

foF these tests a svecial air flow duct, whaich fits cver the inlet of the rezom-

#5. w33 .onstructed. This duc:, as installed on tie recombiner, is sazwn

(@,8)

] These tes: data are shown i-

"o

<2472 Isl. Alr flow measurements from production units 8 and 9 are also saown.

3=l
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3.1.2 Temperatrre Tests

Two tvpes of temperature measurements were made .o

The

and the second snows L.

first tvpe shows tie

e

temperatures at various parts cf ¢

e

the heaters are at resembinaticn temperatures (operating temperature).

The firs: tvpe of measurements

gadar two=thirds of full

at various pericds of tine.

power

was made bv enerziziag 2o

(48 kW) and measuring

The 48 kW value was 5asei o

requirements outlined in WCAP 7703-L Supplement 1, 2p. =

acaieved the neaters for

-
20
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3.3 SEISMIC TESTS

Westinghouse has established the following seismic criteria for the Lflecstri

Recomb” 1er Svstem:

For eitier the Design Basis farthquase (D3E) or tne Jperational Basis tar

quake (UBE) the equipment will he designed o ensure taat i: does not lace

its capaoility to perform its functions, i.e., reccomiine Avdrogen wita tae

Sxvgen in cthe air. However, for the DBE, tiere @mav e permanent deformatian

provided that capasility to perform its functien is maintained. The re

#iil de sucjected to tests under simulated seismic acleleratione

88 asilitv to perform i:s functians.

M 44

12 re:omoiner contral panel and power BUPELY cafiRot Be real

r
t3 demonsirate seismic capasilisy, visratisn Cesting was .ncsen as

“©
(18
LA
‘s
L4 d
-
o
L]

a
ifviag tae performance of zae equipment under eisrtaguize

ol Phe Triomsiner itsaif vas veSratilon-tested fo verifv ani 3.-=la-
Jg.2UcASLOnS
tiin desirises the saismic testing of tae zrototvpe recombiner, =..er

372 iantedl cane.. Inciuded is 2 descriptiaa of tae equipment tes:te

Srocélyure usel, and resu.ts of tae tests. sSeismic testing of 212

~at lecomoiner is desiribed in paragrapa 3. 3. ..

LA nenY custad

iTLL feclimdiner Svetem consists of tae following Shree Sasi:c camoine

o
.=

5 2

W OTIWAr SuTT. . WAlln s Located in an auxiliarv building.

«A% STRIES. Panwe., WALID I8 located in efither the auxillary buiiding

‘e Rna Pl JRLES4 room.

3=?

.

<iTZiner, Wwaken is located in the reactor containment T RTS8



A description of each component follows:

® Recombiner

The design of the ‘electric recombiner is saown in Figure J=4. It zonsists
of a vertical metal duct which houses five banks of electric heaters.
Surrounding this duct is a thermallv insulated enclosure. A oo for tie
enclosure is provided and inlet and ocutlet flow louvers are provided as
shown. The entire recombiner is fastened to a skid, whicsh is nien fastened
Lo thie reactor containment structure.

Tvpical startup time after a major LOCA is 24 hours; taerefore, t-e un.l

does not need to operate immediatelv after tae incident.

® Power Suop.v
this cabines, snown in Figure J-5, is iocated in the plant auxiliary s.lla-
ing and suppiles powaer to the recambiner. It consists basically cf
J=phase transformer, a siliconeconteolled rectifier, and contedl civiuisrv.
‘he purpuse of this egquipment i3 to coavert from Jepnase delta inpu: sswer

$: Jepnase, --wire wve output and to canteol Sutput power level.

Pane.

O
f—

5% 3
+hed panel, saown in Figure J-6, is used to control the power supplvy and o
$e42 Suk temperatures from the three test thrermocouples located in tihe
seoimaingr. Iastruments mounted cn tnls panel iaclude a pover meter, tiermce

-

reaidut, potentiometer, off-on switcn, and power available ligas.

el Teds eiiedures

B Fiver Sezg.y ang Conteol Panel

Ag pIwer sutP.v and sanetrol cabinet were tested at tie same time 3% tie
Nesiingicuse astirofus.ear Laboratorv located at Large. Pennsylvania. 1The

@7 .itment was vitratad in three planes, i.e., vertical, norizontal frontesos

Pdads AAJ A0TE200%3. side~to-side. Figure J)=7 shows tie equipment mouniad
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® Vibration Input

The vibration input to the base of the equipment deing testad consisted of
a4 sine beat type visration as snown in Figure J=8., Eacn sine deat consists
of 10 cvcles at the test frequency with the accelerat:ion of "g' level
increasing from zero to the specified maximum and returning to 2ero in a
sine wave fashion. Five cconsecutive bYeats were applied at ea:h tes: fra-
quency, with an allowed maximum 2f two seconds between eain deat. Filgures
3«3 and 3-10 show the maximum applied horizontal acceleration level of tae
sine Seat as a funcsion 5f test frequencv. “ese acceleratiocons leve.s are
expected 0 be much nigner than the accelerations tnat would be produces
S5v the OBE in anv plant location wihers tiais equipment mignt ve locatel
These nigs values <ere cadsen to precliude the need for future sels=i. fgiie
sog L2 Ine dquidment 373u.d De purchased for some plant lacagion wis &2
BN FREMLe TeJULTETETLN.,
@ Sine s23% fests were performed at resonant frequencies determine.
3 frazuensy searcs test from L ta 33 Hz plus the following frequencies

~sd 28 3% the foluewing procedure.

\a,3\8)

=12
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3.3.) Vibration Test Results

< +

After each test (i.e., vertical, horizontal side~go-side, ani nwrizeatal
front=to=hack) the egzuipment was visual.v inspected for melnanical damage,
loose connectiasns, and overall appearance. The electrical fungtions wers
checked after 3ll the tests ware completed., The specifi: tests nerformed are

described helow.

@ Contgral Panel

oy

Immediately after tne test @ miliivost input signal was imposed on t.e

»
b
R

sneEmcasutie readsut instrument., Lt snowed the instrument was in operas

i -

sandieion. A microamo signal was taen.imposed on the pover meter and i:

.
Y35 Jamcnssrited o 3¢ ia gperating condisian, (The oower metel L3 iltaaa.v

mlilveammgegr WAt “edfUles T5¢ surtrents Sulput f2om 3 Transducer JirlLil

tie do s WAnT Srede 2iecxs, bhe equipment wWad ratufnel 3o
» B LEE 2 o JLass HiieB LSDATALITY Whnera Lt wis testes Lo Sonlunat
RNg ST S0l ad redomyine? and found to Ye (n opetaling c2onlsts

FELa% te8s, & test voltage was avp.ied to t.ie Sndut ter<ind.s

W

TAg YrEae FutElw 484 tHE SULDUL WAR monitared. The efuipment was found

s¢ L% Sevating cinditdon. Fallowing tads, the pover s .polv Was sent t-

(Tiagwradke Forest Mille Laboratorv and tested with tie santra, pane,s
b e THL Tiuies.  Agaisn it was found to cperata satisfactarilv,
. -
CuTiti e urizinzal sides-to-side test it Decame apparent that adaitien

‘ iraces a4t the sirners of the exhaust louvers would greatly strengtien

“4 Wtai, b ocrvefsre, 1tese Draces were added and the horizontal side-toeside
L48% Wwis refedtes. e hortzontal bdacketo=front test was then run. (1
F% . wes & S.%43 1oal tne acceleration levels ‘pccztioditn Figures J=# anl

- CETe sH.eddl o0 these tests 0 determine the margin in the design.)

.

vt isdie.

4/ testing, the recombiner was visuallv inspected for

) 4
SeiSAnLia. satericratsion and was checked electrically bv measuring tne

=47
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LECTRICAL PENETRATIONS

_~—PRESSURE VESSEL

INSTRUMENTAT ION

0O

~T/C TERMINAL BOX

-
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F° .

-~ JUNCTION BOX
>

Figure 3-11. Meater Frame Test Asembly Imtalled in
Pressure Chamber
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Figure 3-12. Data Aquisition Equipment
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® lest No. 2

Heater operation was tested by applying power to the heaters under steam
pressure. Again t.ue heaters and thermocouples of the system were checked

out prior to chamber pressurization by applying 5 kW to the heaters. The

T/C's were used to verify that they functioned.

procedures were as follows:

® Test No. 3

In this test the heaters were first connected to

pressure vessel open.

for ten minutes.

Thermocouple values were noted.

124

The pressurization and test

(a.b,i,‘)

the power supply with the

Forry kW electrical jower was applied to the heaters



The heaters were then deenergized and the pressure vessel was closed. The

following pressurization schedule was fcllowed:

® Test No.

Test No.

® Test No.

(a,;b,c)

4 was identical to Test No. 3, with the following excepticns:

Sodium thiosulfate spray was substituted for the sodium tetraborate

used in Test No. 3.

The maximum pressure achieved in the rapid pressurization phase

was 77 psia in ten seconds.

5

This test was the same as Test No. 3 except that the heater junction boxes

were vented to a mesh-filled container. There appeared to be no advantage

in this vent scheme so it was removed.

3-25




® Test No. 6

This test was run to demonstrate that the recombiner will func.ion properly
if a LOCA occurs when the recombiner is electrically energized. The follow-

ing schedule was followed: ...

(a,b,c)

3.4.4 Test Results

The following test results were obtained:
1. Each test was successfully completed and all test objectives were
attained.

2. Inspection after each test for electrical demage revealed no damage
to any of the equipment. This inspection included ground fault checks,
continuity checks, and resistance checks on each heater. Phvsical
inspection of the system, including junction boxes, electrical cabling,
and electrical junction boxes showed no malfunctions. The door panel

and louvers were also inspected periodically and showed no damage.

3. After the test series was complete, the heater banks were removed
from the test frame. Each heater element was tested in each heater
bank by applying power and noting that each element heated (an element
is one U-shaped heater). All elements heated up. The electrical

cabling was inspected, along with the T/C's and electrical and T/C

junction boxes. No damage was found.

3-26
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The heater banks were then completely disassembled. Visual inspection

’ of the individual heater elements revealed that 1l out of 240 elements

testea had sustained nondisabling sheath damage at the cold end. (This

{s located in the nonheated region inside the heater assemblv insulation

block as shown on Figure A-2.) The damage consisted of a short split in

the sheath material. Ths damaged elements still had good electrical

resistance between sheath and electrode and the electrode and filament

were undamaged. The heaters continued to fulfill their function.

Even though the elements lasted far beyond their anticipated life,

the damage to the sheath was investigated further.

3.4.5 Confirmatory Steam Chamber Tests

To confirm that the sheatn splits occured after a number of simulated post-LOCA

transients, the steam chamber tests were repeated on another set of four heater

banks. The test procedure used in Test No. 3 was followed and after each post-

LOCA transient, the heaters were removed from the test chamber and completelv

inspected. As expected, no damage and no clad splits were found after the

first post-LOCA transient (this demonstrates the heaters meet the requirement

of availability after a LOCA). To confirm the reserve life left after the

required post-LOCA transients, these heater banks were subjected to a series

of further transients using the test method used for Test No. 3. No clad

splits were found until the end of the fourth post-LOCA transient. This con-

firms the design margin available in the heater elements. (A fifth post-LOCA

transient was then run to provide further information and mcre cladding splits
occurred.) An investigation by Westinghouse Research and Development (enter
confirmed the cause of the split was due to partial MgO conversion to ﬁg(OH)2

which was caused by repeated application of high pressure steam to the heater

elements.

3.4.6 Conclusions

The steam chamber tests demonstrate that the neater elements plus other equip-
ment described in paragraph 3.4.2 have a considerable margin over that required
“or operation after a single post-LOCA transient. Therefore, the recombiner

meets the requirements for operation after a LOCA transient.
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3.5 GROUND FAULT TEST

The recombiner electrical system contains an isolation transformer whose pur=-
pose is to isolate the recombiner electrical system from earth ground; thus,

a single ground fault in the system will not result in failure of the recom-
biner. To demonstrate the effectiveness of this system. the recombiner svs-
tem was operated at full power and a direct short to earth ground was activated
by closing a contact in a cable leading from one power conductor to earth
ground. The recombiner was also operated over the full range of power with

the earth-grounded power conductor. As expected, no effect on the recombiner

power was detected.

3.6 IRRADIATION TESTS

The purpose of this Program was tc demonstrate that the electrical components
in the recombiner, which may be adversely affected by irradiation, will per-

form their post-LOCA function after irradiation.

Type tests were conducted on the electrical components to augment the irradia-
tion information presently available on these components. Production components

were subjected to normal life tests, post-LOCA environment, irradiation, and

poest-irradiation tests.

3.6.1 Description of Parts to be Type Tested

All electrical components furnished with the Westinghouse electric recombiner,
which may be exposed to Post-LOCA environment and which use electrical insula-

tion were tested. (Metal parts, such as metal bus bars, connectors, and bolts
were not tested.)
The following parts were tested. Unless otherwise noted all these components
had been subjected to the pPreaging, which consists of 80 heatup and cooldown
cycles followed by 6 post-LOCA steam pressure and spray cvcles.
a. Power Cable - used to connect the heater banks to the electrical
junction box.

b. Heater Connector Wire - This stranded cable connects the heater

element bus bars to the heater bank terminal block.
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Test Results

Power Cable - Phase-to-phase resistance 2 megohm. Phase-to-outer

jacket resistance 1,000 megohm. Passed the high potential test at
1320v ac at 60 Hz.

Heater Connection Wire - Insulation resistance measure . Wire

operated in heater and passed 1320v ac @ 60 Hz high potential test.

Heater Elements - No damage to heater noted. Heater operated during

and after post-LOCA transient.

Thermocouple and Extension Wire - T/C and extension wire operated

after irradiation and post-LOCA transients.

Heater Bank Electrical Terminal Blocks - No visual damage noted

after irradiation or after post-LOCA transient.
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APPENDIX A

DESCRIPTION OF THE ELECTRIC HYDROGEN RECOMBINER

A.l DESCRIPTION

The electric hydrogen recombiner is shown in Figure A-l1. A summary of
typical design parameters is presented in Table A-1. The recombiner con-
sists essentially of a thermally insulated vertical metal duct with metal-
sheathed electric resistance heaters provided to heat a continuous flow of
containment air (containing a low concentration of hvdrogen) up to a tempera-

ture which is sufficient to cause a reaction between hydrogen and oxvgen.

Air and its contained hydrogen enter the recombiner and flow up through the
heated section and out the top by natural convection. The intake of the recom-
biner is located only on one side and the exhaust ports are located above and
on the other three sides of the recombiner. This arrangement of intake and
exnaust ports serves to ensure that for downflow air currents external to the

recombiner, there would be little tendency for recirculation of the recombiner

process gases (from the exhaust back into the intake).

No circulation fans are required and the desired flow rate of air is established
by providing the proper size inlet flow area through an orifice plate at the
bottom of the recombiner. Thus, with the air flow rate regul- ed bv a fixed
orifice and with the supply of electric power determined by a control station
outside the containment, controls are not needed inside tne containment. Heat
added to the containment air by the recombiner is removed by containment cocl-
ing systems already available for other much larger heat lcads so that the

containment air temperature will remain essentially unaffected by the recom-
biner.

The electric hydrogen recombiner uses conventional type electric resistance
heaters sheathed with Incolov-800, which is an excellent corrosion-resistant

material for this service. These heaters, which are shown in Figure A-2, have
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Figure A=2. Prototype Electric Hydrogen Recombiner
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been designed to cperate with the same sheath temperatures as commercial

heaters, but at power densities much lower than normal. Each bank contains

60 individual heating elements. Operation of the unit is virtually unaffected

{f a few individual heating elements fail to function properlv.

he major structural components are manufactured primarily of 300-Series
stainless steel, except for the base which is carbon steel. Incolov=-800 is
used for the heater sheaths, and Inconel-600 for other parts such as the

hleater duct, which operates at nhigh temperature.

A.2 DESICGN CRITERIA

The following are criteria considered in the design of the electric hvdrogen
recombiner for pressurized water roactor containments:
1. The recombiners are designed co sustain all normal loads and accident
loads including seismic lcads and temperature and pressure transients

from a loss-of-coolant accident.
2 The recombiners must be protected from damage from high-energv mis-
siles or jet impingement from broken pipes.

3. The recombiners must be located in the containment such that thev
process a flow of containment air containing hvdrogen at a ccncen=-

tration which is approximatelv tvpical of the average concentratign

throughout the containment.

The recombiners must be located awav from high-velocitv air streams,

&

suchh as could emanate from fan cooler exhaust ports, or they must be
protected from direct impingement of high-velocity air streams bv

suitable barriers such as walls or floors.
5. The recombiners are designed for a lifetime consistent with that of
the reactor plant.

6. All materials used in the recombiners are selected to be compatible
with the environmental conditions inside the reactor containment

during normal operation or during accident conditions.
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APPENDIX B

DETAILS OF RELATED TOPICS

This appendix elaborates on certain topics which have been covered in earlier

reports on the electric recombiner. -

B.1 SPRAY TESTS ON PROTOTYPE RECOMBINER

The spray tests conducted on the prototype electric recombiner were performed
using spray nozzles in the simulated containment. The nozzles have an average
droplet size similar to that expected in an actual containment at about the
operating floor level. The average droplet size in the test (50 percent of
accumulated volume percentage) varied from about 350 to 500 microns, depending

on spray pressures. These data are based on the nozzle manufacturer's pub-

lished information.

B.2 HEATER ELEMENTS

The heater elements used in the electric recombiner are a manufacturer's
standard design. To provide a conservative design for the recombiner, these
heater elements have been greatly derated. For example, the elements are

rated for 1600°F and have a power rating of approximately 30 watts per square
inch of surface. In the recombiner, the maximum power ranges from approximately
1 W per square inch in the upper heater bank to 5.8 W per square inch in the

lower heater bank. Normal operating power is about 70 percent of these values.

Other parameters specific to the heaters elements are:

(a,c)




B.3 ANALYSIS OF TRANSIENT PRESSURE LOADS

The purpose of this analysis is to verify the structural adequacy under LOCA
containment pressure transient loads of large sized parts of the production

electric hydrogen recombiner. Their size restricted testing and verification

by means of the autoclave test program.

The electric hydrogen recowbiner is basically an open structure and only small
pressure differentials are developed across major compenents of the assembly;
however, there are some individual component parts which are not as open, and
these parts may be subject to significant pressure differentials. Importantly,
those component parts which may be subject to significant pressure differen-
tials, <.g., the door panels, the heater assemblies, and the electrical junc-
tion boxes, were tested in the autoclave test program and were demonstrated

to be satisfactory for the anticipated blowdown conditions.

The assemtlies not tested are those which are large and inherently open; these
include the hezter frame assembly, the outer frame assembly (which includes
cie inlet plenum), and the outlet plenum assembly at the top of the recombiner.
fac.. of these ~ssemblies has been analyzed and the stresses resulting from
pressure differentials were found to be low in all cases, as expected. The
analysis of the heater frame assembly, which has the highest stresses (even

though very low) is presented in the following paragraphs.

This analysis is presented in two parts: (1) the determination of the pres-
sure acting across the heater frame assembly walls; and (2) the determination

of the stresses in the heater frame walls resulting from these pressures.

1. Pressure Loading Analysis

The heater duct and frame assembly has a volume of about 32.3 ft3 and an inlet
area of about 0.688 ftz.

The external pressure across the walls will be conservatively calculated as
follows: Assume that the pressure inside the volume follows the external
pressure, i.e., the containment pressure, with no time lag. Determine the

mass flow rate into the chamber to keep the internal pressure equal to the

external pressure. Determine fﬁe pressure drop across the inlet area required

to develop this mass flow rate.
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For the case of the heater duct and frame assembly, where V = 32.3 £t3. and

A= 688 ftz; the differential pressure calculated by this conservative me thod

would be 13.9 x 10.3 psi, which is small as expected.

2. Stress Analvysis

The heater duct and frame assembly is a box structure with 1/8=-in.-thick
Inconel sheet metal sides, reinforced at the corners with thicker, 1/4-in.
Inconel. The stresses in the box will be conservativelv calculated bv
analyzing a strip of unit width with simply supported ends subjected to a
lateral loading of 2p* and an end load, P. The maximum stress in the strip

is given bv the formula*

5.-2-# 1 xﬁ

) e

where

3 -3 (22,25 in,)
2 3
tn.” -

P = compressive end loading = 13.9 x 10

= 154.8 x 10~ 1b/in.
A = area of strip - 0.125 in.z/in.
M = bending moment for a simply supported beam under traverse loading
E = modulus of elasticity of Inconel-600 at room temperature = 31 x 106 psi

1 in.(.125 in.)>
12

[ = moment of inertia of strip =

“«1.60 % 10" 16.%1n.

*R. J. Roark, "Formulas for Stress and Strain," &4th ed., New York, McGraw-Hill,
1965.






t = thickness of panel = 0.125 in.

1 = coefficient depending on beam support and loading conditions

= 0.104 for a beam with simple supports and uniformly distributed |

The bending moment is given by:

where

31

/ = load per inch of length = lp* = 13.9 x 10 e

« = maximum length of beam = 37.50 in. (side panel)

3

= 13,9 x 1070 2 e
~ ’ lb-in-

= -

in.
The maxinium stress 1s:
3

< o 154.8 x 10°
. 0.125

1 6(2.43)
‘ =3 X -
(l _9.104(154.8 x 10 ") (1.406 x 10 )) (1.5¢ % 10 )

.

.

(31 x 106)(1.61 x 107 )

Thus,

S = 940 psi

This stress is more than an order of magnitude less than the material yield

strength under blowdown conditions and is, therefore, acceptable.

The other large assemblies such as the outer frame assembly and upper plenum
assemb.y are also quite open and have similarly low stresses under the blowdown
pressure transient. Thus, the structural adequacy of these large assemblies

under LOCA containment transient pressure loads is considered to be verified.




