April 15, 1992
LD-92-050

Docket No. 52002

U.S. Nuclear Regulatory Commission
Attn: Dezument Control Desk
Washington, DC 20555

Subject: Sysiem 80+ ™ Combustible Gas Control in Containment

Reference: ABB-CE Letier, LD-92-038, CESSAR-DC Submittal Schedule Update,
dated March 25, 1992

Dear Sirs:

Enclosed with this letter is updated Section 6.2.5. The discussion on layout of hydrogen
mitigation system igniter Jocations fulfills the commitment of item 3 of the Reference.

The revised section was referenced in the response to RA1 730.7(b).

Should you have any questions on the enclosed material, please contact me or Mr. Stan
Ritterbusch of my stafl at (203) 285-5206.

Very truly yours,
COMBUSTION ENCINEERING, INC.

JSW‘“{#

C. B. Brinkman
Acting Director
Nuclear Systems Licensing

vs/lw
Enclosures: As Stated

cc: J. Trotter (EPRI)
T. Wambach (NRC)

LU

f
ABB Combustion Engineering Nunlear Pu ver DUIZg
e - l ‘

xR




o
+
-

<

-

t ‘ﬁ;“\ﬁd‘

1
:

€9
> gystem (HMS) is designed to accommodate the hydrogen progduc Q&_J

L CESSAR 2R icanon

6.2.5 COMBUSTIBLE GAS CONTROL IN CONTAINMFNT

Following a design basis Loss~-of-Coolant Accident (LCCA), control
of combustible gas concentration iIn containment is provided by
the Containment Hydrogen Recombiner Systen (CHRS) . Hydrogen may
pe released to the containment atmosphere following a LOCA by
radiolysis of water, corrosion of containment materials by the
containment spray, reant:on of the zirconium cladding with steam
and dissolved hydrogen ceming out of solution from the reactor
coclant and pressurizer steam space. The CHRE prevents the
concentration of hydrogen from reaching the lower flammability
1imit of 4% by volume. The syostem is designed in accordance with
the guidance provided by Regulatcry Guide 1.7 and as reguired by
10 CFR 50.44, 10 CFR 50.46 and General Design Criteria £, 41, &<
and 43. In addition, this systea provides the capability for
controlled purging to aid in post-accident containment atmosphere
cleanup with filtration of the discharge provided by the annulus
vertilation filter trains.

dhat of
During a dcqradcdfzbrc accident, hydrogen will be produced at a
reatnr rate thanathe design basis LOCA. The Hydrogen Mitigation

from 100% fuel clad metal-water reaction and -meee—an-javerage
nyorogen concentration 4 démet——of- 108 in accordance with
10 CFR 50.34(t) for a degraded core accident. These linits are
imposed to preclude detonations in containment that might
jecpardize contairment integrity or damage essential equipment.
The HMS censists of a system of igniters installed in containment
to promots the combustion of hydrogen in a controlled marner such
shat containment integrity is m.intained.

6.2.5.1 Design Bases

6.2.5.1.1 Ceontaiament Hydrogen Recombiner Systew (CHRS)

A. The CHRS is an Engineered Safety Features (E°F) System
designed to maintain the hydrogen concentration within the
contai* ant atmosphere below its lower flammability limit of
4% in . ~dance with Regulatory Guide 1.7. The system is
designea to be manually initiated prior to hydrogen
concentration reaching 3.5% by volume.

B. Two independent, full capacity, parallel loops make the
system fully redundant and enable it to withstand a single
active failure and still perform its design function.

G The CHRS is designed to provide sufficient suction points

incide =ontainment to eliminate stagnant pockets of air
where hydrogen could accumulate.
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Recombirer inlet connections from the In-contiinment
Refueling Water Storage Tank (iIxWST) are provicded to remove
hydrcgen produced by sump radiclysis in the IRWST.

Componentr of the CHRS are designed to sustair normal anu
Seismic Category I loads as well as temperature and pressure
transients from a LCCA,

The hydrogen recombiners are protected from damage by
missiles or jet impingezent from pipe ruptures.

Components of the CHRS locegteu in containment will be
decigned to meet the appropriate environmental reguirements
specified in Appendix 2.11A.

System eguipment lccated outside of containment will be
arranged to preclude failure of the CHRS due to failure of
other non~Category 1 systems.

CHRS components will be designed in accordance with ASME
Boiler and Pressure Vessel Code, Section III, Class 2
requirements.

In the event of offsite power Jloss. power to tae
Containment Hydrogen Recombiner System will be automatically
supplicd by the Clans 1E $deeeriesd System which is supplied
by the emergency diesel gcnerators.“ao\mc Awgiliary Power

The system valves ard components will be designed in
accordarce with ANS Safety Class 2 reguirements.

Access & J shielding are provided to the areas where the
portable hydrogen recombiner and control panel skids are to
be wlaced along with areas where coupling operatiuns are
required.

Capability will be provided for a controlled purge of the
containment atmosphere to aid in post-accident containment
¢cleanup.

Redundant hydrogen analyzers provide hydrogen concentration
meacsurement of the incoming gas from conta’nment as well as
the recombiner discharge for menitoring of recombiner
perforpmance. The bhydrogcn analyzers are independent of the
hydrogen recombiners and ire permanently installed to allow
hydrogen concentration menitoring throughout the accident.

Anendment I
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6.2.5.1.2 Hydrogen Mitigation System (FIMS)

b The HMS it designed o allow adiabatic, controlled burning
of hydrogen at low soncentrations to preclude hydrogen
concentration build-up to detonable levels. The system is
designed to prevent che everaje hydicgen concentration in
containment from reaching 105 by volume during a degraded
core accident with 100% fuel clad metal-~watar reaction in
accordance with 10 CFR 30.34(f). "he systerm is desfigned to
be manually initiared from the Control Room.

o

The HM3 ignitars are divided into two redundant grcups, A
ana B. Each group has independent and separate contrnl,
power, and igniter locations %“o ersure adeguate coverage in
the ~vent »f a circuit failure. Tn the event of an cffsite
| powe: loss, the_ igniters ,have the capubility of being
pcwered from T:heﬁ@as turb:‘-ﬁq or emerygency diesel generators.
The igniter: can alsc be powered trom the Class 1E emergency
batteries via DC-to-AC inverters.

o Hernm .+¢ AC Source

C. The hydrogen burniny from the igniters will not jeopardize
the survivability of critical plant equipment.
L 13 (Du.\A ERTATRONY n-h'.
D. 2lthough the c¢nntainmert/is designed to promote mixing, the
igriters will be posificned in areas where hydrogen is

produced uost rapidlyy denrtere—era—aise—placed—at-—ehe—

ey ety e bt ik o+ e 5 e G A . oyl e
e B S A S

E. HMS components in containment are Adesigned to suscain normal
and Seisnmic Category I loads.

F. HMS coaponents are non-nuclear safety related since they are
not reguired to prevent or mitigate the consequences of a

design basis accident. However, the HMS is regquired to
mitigate the consegquences of a severe (degraded core)
accident.

Wit ‘.QL .'\A

G. HMS components in containment will be designed to et

severe accident environmental conditions.
6.2.5.1.3 Desigr Basis LOCA Hydrogen Production

The design basis LOCA hydrogen production and accumulation
analysis was performed using the NRC Regulatory Guide 1.7 model.
This model assumes the fission product activity release specified
in TiD=-14844 and the values for post-accident hydrogen generation
spocified in Regulatory Guide 1.7. Per hegulatory Guide 1.7, the
effects of partial pressure of steam is considered in the
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Condainw pa
The corrosion rate of luminum and zinc during a LOCA is
dependent on containment\ spray pH and composition, alloy
composition and temperature) with temperature being the primary
guverning parametes. Thep time-temperature curve {(Figure
6.2.1~-16) used ir determining aluminum and zinc corrcsion rates
is based on a conse-vative representation of the postulated
pcst-accident wenteramene- “ransient. Since this temperature plot
only extends to 11.57 days, the temperuture at that time of 170°F
ig ccnservatively assumed from 11.57 to 30 daya. The aluminun
and zinc corrosion rates as a function of temparature are based
on ANSI N=-2785, Draft 10 which provides corservative upper bound
hydrogen generation rates. Aluminum and 2inc inventories are
listed in Table €.2.5-4., No credit is taken for protective
shield effects of .nsulation, oxide layer buildup or enclosures
from the spray.

R Aluminum

Aluminum corrceion rates are based on ANSI N-275, Draft 10
and are shown versus tenperature in Figure 6.2.5-4 and as a
function of time alter the LOCA in Table 6.2.5-2. The
aluminim inventory used is 1000 1lbm which corresponds to a
285 ft° surface area with a thickness of 2850 mils. Due to
the conservative cemperatures used in the later stages of
the LOCr, the corrnsion rat: is above 200 mils/year for the
entire period which is mecre conservative than the Regulatory
Guide 1.7 regquirements

E. Zinc

Zincg in containnent is in two forms, galvanized steel and
zinc-based paint. Thesg twn forms are combined for a total
inventory of 179,700 ft“ surface area with a thickness of 6
nils. The zinec corrosion rates are based on ANSI N-275,
praft 10 and are shown versu¢ temperature in Figure 6.2.5-3
and as a function of tima2 after the LOCA in Table 6.2.5-6.

S Corrosion of other containmant materials is negligible.

The zirconium-w-:er reactien which occurs on the surface of the |
reonium cladding durinc a LOCA is described by che chenmical
egquation:

ir + 2H20 - Zroz *+ 2H2 + Heat

Per Regulatory Guide i.7, the hydrogen produced is assumed to be
5§ times the maximum calculated reaction under 10 CFR 50.46. This |

Amendment I
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corresponds to St of thef

' Per Regulatory Guide 1.7, the
hydrogen is assumed to be released into containment over a 2
minute period from the start of tne transient.

6.2.£.1.3.5 Dissolved Hydrogen in Reactor Coolant

The maxinmum equilibrium quantity of hydrogen in the yeactor
coolant ig 3890 scf. This guantity ircludes both the maxisum
allowable hydrojen concentration in the primary coolant watar at
100 ¢~ (STP) per kilogram of water and the eguilibrium hydrogen
in the pressurizer steam space at the maximum corncentration of
2/10 of 1% by weight of steam. The entire 3830 scf of hydrogen
is assumed to be released immediately into containment at the
initiation of the LOCA.

6.2.5.1.4 Design Basis LOCA Hydrogen Accumulation

Besides containment, the IRWST is th2 only other enclosed
compartment which could exper.icnce hydrogen pocketing. Hvdrogen
recombiner inlet connections are provided for the IRWST which
account for one-half of the 100 cfm flow to each recombiner.

To occount for sinagle failure, only one of the 100 cfi
reconmbiners is considered in the analysis. The flow split per
~ecombiner is 50 cfm from containment and 50 cfm from the TRWST.
Hydrogen consentration versus time 1S shown in Figure 6.2.5-2 for
cortairment and Figure 6.2.5-3 for the IFWsT. These flouves show
hydrogen concentrrtion without recombiner tlow and with a single
recombiner startec .2 hours after the LOCA.

6.2.5.2 System Design

6.2.5.2.1 Containment Hydrogen Recombiner Systeu

The CHRS ~onsists of two redurdant loops. Within containment,
each loop of the CHRS is comprised of a suction header (influent
piping) with motor operated valves and a discharge hezcer
(eftluent piping) with a check valve. outside of ccatainment, in
t+re Nuclear Aunex, each loop corsists of infiuent piping, manual
and rotor opera“ed iso.ation valves, sample piping, a hydrogen
analyzer, a mobile recorbiner and control panel skid, test and
caiibration connections, an isclated nitrogen supply connection,
an isolated eeswdesn air cornection, a safet) valve, and effluent |
piping. Askcument

The recombiners and control penels are skid-mounted, self-
sntaired units. Flangea piping connactions ave used for ease of

Anendment I
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installaticn. Toe place the recombiners in operation, the
recombiners #nd contrcl panels are placed in their specified
lugntions and the following connections are nmade:

A. Irstrunmentation

B. Hydrogen Tast Cunnection
c. Puwer Supply

e Suctien Piping

E. Discharge Piping

The safety valves protect the CHRS against inadvertent
pressurization during testing or system purging. During normal
¢ system operatica, the test =4 nitrogen connections are closed
v and the safety valve is isol - from the CHRS. The safety valve
< and its associated isolation valve provide two valve isolation |
é vetwcen the CHRS and the atmosphere during a LOCA.

v Ingtrumentation and controls are provided in a local . untrol
4 panel to allow operation and monitoring of each recombir -r.

s Annex

« Inlet lines to the recombiners are provided from the IRWST and

‘“ the upper porticn of containment. Divisional separation |is

|maiq§ained in these individual inlet l.ines as well as the two
reccmbiner .inlet 2nd outlet Eeaaerqi Pecundant inlet piping and
an individual motor-operated valve in each suction line in
containment allow svuction from all areas of containment where
hydrogen gas could accumulate while account.ng for a single
fajilure.

A ventilation survey of containment will be performed upon
completion of containment construction and assembly of the
enclosed equipment. This survey will be to verify that no
stagnant air pockets exist in containment and the IRWST. If
there are pockets of stagnant air where hydrogen could =ccurmulate
without local recombiner inlet connecticns, an inlet line from
each of the recombiners will be placed in the high point of each
of these strynant pockets.

Table 6.2.5-1 lists conmponent design parameters for the CHRS.
The CHRS flow diagram is shown in Figure 6.2.5-1.

6.2.5 2.1.1 System Operation
The CHRS is startad manually wit in 72  Thours after a

Less-of .ococlant Accident. By this time, two mobile recombi. =
skids are aligned and connected te the influent and affluent

Anendment I
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pipirg of the CHRS in the Nuclear Annex. The Secieie—aitriti-on-
WIS FO--SPpohed—and—Ehe reconbiner units are manually startoed
B i e T S

B e s L L T T et S e S R
ABOLRAE RGOS AEe-Sroned, and the cortainment isclation valves

and the motor operated valvesj-eé the influenty plping in
containment are opened. The system is now in the operational
mode and ready to perform its function. Land eéélaent

The containment atmosphere is drawn inte the recombiner package
thoough the suction header. Fydrogen and oxygen are coubined to
form water vapor. The process gas is then piped back to contain-
=ant completing the recombination cycle.

6.2.5.2.1.2 Hydrogen Analyzers

Two redundant hydr jen analyzers are provided. Each analvzer is
independent of the recombiners and does not reguire connection of
the recomi iners to operate. Each of the analyzers can monitor
either of the supplv lines from containment. Within 30 minutes
after a LOCA, both hLydrogen analyzers are manually activated to
monitor hydrogen levels and to alerc the operators in the Control
Room if hydrogen concentration exceeds 3.5%. A redundant
analyzer is available should a malfunction occur in cne of the
analyzers.

After the recombine-s are placeu in operation, periodic
operational checks o  hydrogen recombiner performance can be
performed. This is accomplished by opening the appropriate
analyzer isolation valves and drawing a containment atmosphere
sanple througl the hydrogen analyzer. The recombiner performance
is deternmi.."d by drawing recombiner iniluent and effluent through
the hydrccen analyzer and comparing the hydrogen concentrations,
Provisions are also made for periodic checks of hydrogen analyzer
performance.

6.2.5.2.1.3 Containment Purging

The CHRS provides the capability for post-accident contrelled
purging of the containment utmosphere to aid in clean-up. The
containment air can be routed from the suction header te the
annulus via the recombiner bypass line. The air is filtered
prior to discharge by the annulus ventilation filter trains.
Make-up air to containment is initiated manually using the
containment Low Volume Purge Supply.

6.2.5.2.2 Hydrogen Mitigation System

The hydrogen igniters are placed so as to achis'e controlled

hydrogen DUINING. <ot eg o i@ @ it i i s oarem
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A. cal positioning at the In-Containment Refueli
Sto Tank (iRWST) esafety valve outlets
spillway t in the holdup wvolu ue to hydrogen
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1nnuentcutioaouuiii—h.uo—auo—4gn§teror—ono-ioo-—cﬂoup—n—and—oae-!
fron—Group—ad+ Considerations for igniter positioning are as |
follows: Replace With Thneemd ! | ]
|
|

production from sel oxidatj

B. Local posgitioning area, due to dry cavity

gscenario wher onium and steel a eely oxidized using||
steam f ‘Oncrete as a water ssurce. .

. |
“ulnerability to damage from a pipe rupture during a.zatx$\=Jf

2
6.2.5.2.2.% Igniter Arsembly

Each igniter is an AC powered glow plug powered directly from a
step down transformar. Each igniter assembly consists of a 1/8"
thick steel enclosure (8" H x 6" W x 8" D) which contains the ,
transformer and all electrical connections and part.ially encloses
the igniter. The enclosure meets N.tional Electrical
Manufacturers Association (NEMA) Type 4 specifications for
vatertight integrity under various environmental conditions,
including exposure to wuter Jjets. The sealed enclosure
incorporates a heat shield to minimize the temperature rise
inside the igniter assembly, and a spray shield tc reduce water
impingement on the glow plug from above. The igniter assembly is
designed to meec Seismic Category I reguirements.

|
6.2.5.2.2.i-, Igniter Fower Supply

The HMS igniterc are equally divided into two redundant groups,

having s:sparate circuits and circuit breakers in each group. The |1

number of igniters on each circuit ranges from 1 %o 10. Each |
group has independent and separate control, power and igniter |
locations to ensure adequate coverage in the even:. of a single |
failure. The igniters are manually actuated from the Control

Room. (Section 63.2.1.2.1)

The igniters are powered from the Class /1E 120 VAC Vital
Instrumentation and Control Power E£ystemp that has normal and
alternative powver supplies from offsite sources. In the event
of a loss of offsite power, the igniters will be powered from
the emergency diesel generators. Group A igniters will be
powered from the Division I diesel generator and group B igniters
from the Division II diesel generator. On loss of offsite power
and failure of the emergency diesel generators to start or run {

Amendment I
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#. Hydrogen released to the In-containment Kefueling Water Storage
Tank (IRWST) produced from in-vessel oxidation.

B, Ex-vessel hydrogen production.

C. Local positioning in the riactor cavity, due to dry cavity
scenaric where zirconium and stee. are oxidized using stean
from the concrete as 2 water source.

D. Potential areas of hydrogen pocketing.

E. Vulnerability to damage from a pipe rupture during a LOCA,
F. Accessinility for maintenance and testing.

6.2.5.2.2.1 Igniter Locations

The hydrogen igniters are positioned to burn hydrogen locally near
the sources and g. 'ly in areas where hydrogen could accumulate.
Each igniter locaiion consists of two igniters, one from group A
ard one from group B. A total of forty-twe igniters are
distributed throughout the containment at the twenty-one locations
listed in Table 6.2.5-8. These locatiouns are approximate, based on

Tuipment and piping proximity, as well as inspection and

‘ntenance access.



LR CESSAR CERTIFICATION

.u‘tngbl AL sevtic

(Station Blackout), the igniters can be powered from the) gas |

turbine gesesrater Or the seettnswr cpmeney Datteries via DC-to=-AC !

inverters, Class 18 i
@

6.2.5.2.2.% System Actuation |

/ Severe Acidend Mnn-gcm¢"+ |

e ftation -Emeseemey--Procedures —+Bpesy for responding .o severe
accidents will include instructions for actuating iﬁf hydrogen
' 11

igniters address
actuating and securing the igniters in the later stages of the
accident.

6.2.5.3 Cesign Evaluation

6.2.5.3.1 Containment Hydrogen Recombiner System

Since only one “{ the twe completely separate recombiner locps is
required, a :yingle active failure will not prevent the
recombiners from fulfilling their desigr function. The CHRS is
in operation only during specified emergency conditions and not
during normal plant operation. This system is, therefore,
considered not subject to postulated passive failures. The |
system, as designed, can be periodically pressura tested to
verify leak tightness. The effluent from this test can be vented
to containment. IEEE Std. 279-1971, “Criteria fur Protection
Systems for Nuclear Power Plants" is applicable to automatically
actuated protective systenms. Since the hydrogen recombiner 1
system is manually actuated and need only be placed .n operation
within 72 hours following a LOCA, the requirements of IEEF Std.
279-1571 are not applicable. However, the guidance of Section 4
was used in the system design as follows:

"4.2 Single Failure Criterion"

Any single active failure within the system will not prevent
proper action at the system level when required.

"4.3 Quality of Components and Modulas"

Quality leveis shall be achieved through the specification
of requirements known to promote high quality, such as

requirements for design, rating of somponents,
ranufacturing, quality contreol, inspection, calibraticn, and |
cesting. |

"4.4 Equipment Qualifications"

Tests =hall be conducted to verify the performance
requirements determined to be necessary for achieving the
system rejuirements. See Section 6.2.5.4.1.

Amendment I
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" 5 Channel Integrity"

Both loops have been designed to maintain necessary
functional capakility under approrriate extreme conditions.

"4.6 Channel Indepenrdence"

Each recompiner loop is complately independent and
physically separate.

"4.10 Capability for Test and Calibration"

Capability has been provided for testing and calibrating
both loops during power operation. See Section 6.2.%.4.1.

The Containment Hydrogen Recombiner System is supplied power by a
class 1E electrical system which meets the reguirements of TEEE
108-1972. Failure of one emergency diesel,will not preclude the
function of the other redundant CHRS train. qeneratrer

As stated in Regulatory Guide 1.7, the lower flammability limit
for hydrogen in air saturatea with water vapor at ruom
temperature and atmospheric pressure is approximately four
percent by volume. For these conditions, detonation does not
occur until a much higher concentration is attained; the CHRS
design limit of 4% by volume is far below the detounation point.

The portable recombiner skid and control panel skid will be
situated in a shielded area such that the radiation level
associated with post~LOCA conditions does not prevent personnel
from manually operating the systen, performing pericdic
inspection of the control panel skid, or sampling.

The CHRS failure modes and effects analysis is contained in Tab.e
6.2-5_7.

Figures 6.2.5-2 and 6.2.5=-3 indicace pest-LOCA  hydrogen
concentration versus time both with and without a singue
reccmbiner in operation for containment and the IRWST. These
figures show that a single 100 cfm recombiner, initiated 72 hours
following a LOCA is capable of maiataining hydrogen concentration
below the 4 percent by volume limit.

PP S ST WRSS—— P D - R ST

The conservatism cf tre hydrogen prc ‘ction and accumulation
analysis is assured by the following:
the ameount ob Jinc ard alumivue
A. LimitiugA meveriadte- inside containment such that the
resulting hydrogen generated is less than predicted.

Amendment 1
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B. Using conservative values for aluminum and zinc correszion
rates.
fuel

C. Using maximum value ofjcladding zirconium~water reaction.

D. Using maximum hydrogen yield rates for radiolytic decay of
fission products.

Force

~gmtdore mixing of “he containment atmosphere to prevent hydrogen
pockets is not required since all potential stagnanr air pockets
are eliminated by ver ing them upward through open grating and
vents as required. 1If any potential pockets are identified which
cannot be vented upward they will be provided wich suction lines
to the reconbiners.

Redundant hydrogen analyzers are provided for moniioring cf the
post-LOCA containment atmosphere. Each hydrogen analyzer is
functionally incependent of its associated hydrogen recombiner.

The pcrtable pertions of the CHRS are the hydrogen recombiner and
control panel skids. Piping connecticns between portable and
permanent portions of the system are equipped with flanges as
shown in Fiqure 6.2.5~1. Blank flanges can be used when the
recombiners are not in use to provide added isolation capability.

! Electrical connections hetween portable and permanent portions of

} the systcm are equipped with guick disconnects. The purtable

| skide are anticipated to be stored in place at each site with
appropriate access to facilitate portability.

Suction points for the CHRS are provided in the upper portion of
containment and the IRWST. Each recombiner’s associated suction
piping will be routed downward on opposite sides of containmant.
Suction piping is protected from dynamic effects such as missiles
and pipe whip by maintaining physical separation. An analysis of
postulated pipe breaks will be performed as de: ~ibed in Section
3.6 to further assure the adequacy of the routing. |

Cowrte

Ac

The CHRS also provides the capability of hydrogen purging teo
allow cleanup of the post-accident containment atmosphere via the
annulus ventilation filter trains.

6.2.5.3.2 Hydrogen Mi‘.igation System

Class |E
The HMS is non-safety relatad,‘:mt: has the capability of be‘ng
powered from theAgas turbine or) emergency diesel generators or
emergency Dbatteries via inverters for reliability. HMS
components in containment are designnd to meet seismic Category I
requirenents.

——alternate

Amendment I
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B. At each scheduled ‘efueling, but not less than once every
two years, the fo...ving tests wiil be performed:

All valves with remote nosition indicators, which

during power operation .:e inaccessible for direct

obsearvation shall be visually observed to confirm that
remote valve indication accurately reflects wvalve
operation.

2 The CHRS will bu pressurized to test system integrity.

3 The CHRS will be brought into a recycl«e, preoperational
heatup mode by the procedures given in Section
6.2.5.2.1.1 to check recombiner operat.on.

4. Wiaen the CHRS reachies operating conditicns, hydrogen at |
a known rate and concentr  tion will be added at the
hydrogen test connection to verify recombiner
operability with the hydrogen analyzer.

. At leas. once every three2 mnonths all valves will be
exercised. The necessary valve stem or disk movement shall
be established by exercising the valve while cbserving an
appropriate indicator which signals the reguired change in
position. The startup air and containment isclation chec™

| valves will be tested by connecting a pressurized air source

| with a flow indicator to the startup air line. The valves
between the pressure source and the return line ¢to
containment will then be opened. A positive flow indicates
that the check valves are opening properly.

6.2.5.4.2 Hydroger. Mitigation System

Precperational testing, to be performed before startup, will

verify that the electric current drawn by each group cf igniters
| is within tolerance, and that the tomperature of each igniter is
at least 1700°F. The current measured in each circuit dur.ng
precoperaticnal tests provides the base line for future
surveillance tests.

The igniter system will be subjected to surveillance testing on a
quarterly basis. This testing will consist of energizing the HMS
| and taking current and voltage readings of the igniter cirrcuits.

] If the power consumpt.on is not comparable with that measured

| during preoperational testing, the igniters on the affected

| circuits will be individually inspected to ensure their

| operability. In addition to power consumption measurements, the

| temperature of each igniter wilil be neasured -ee—deast--evemy—is-
menthe- to verify a minimum tempecature of 1700°F. |
|

|

A

du(«.“s 2acw l‘g‘-“cl: “1 ou e «x

Amendment I
6.2-58 December 21, 19%0
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6.2.5.5 Instrumentation Requirements

6.2.5.5.1 Containment Hydrogen Recombiner System

Cl"b\t .4 "Cr.uaﬁ-s |

The recombiner skid package 18 | Preisid it SR S OMES SO SRR Sty |

: %0~ under varying containment atmogphere

conditions. The unit ga2 flow is monitored and gas temperature

is monitored at various points on the v ‘t control panel. «@he |
: b ) g

|
|
|
The recombiner fan and neater are protected against high !
temperature by flow and temperature control instrumentation. I
!
Instrumentation and control are provided for isclation of the
CHRS through closure of the influent piping mctor operaced valves |
inside and outside of containment upsn receipt of a Containment
Isolation Actuatinn Signal (CIAS). i

hydiogen concentration is monitored in the Coantrol Room rrom the
hydrogen analyzers. An alarm is actuated in the Control Room if |
hydrcgen concentration exceeds 3.5t.

6.2.5. 5.2 Hydrogen Mitigation System
Indicaien and control for the HMS igniters are located in the

Control Room. Temperature indication is provided for igrniter |
operability testing.

6.2.5.46 Materials

Materials used in the CHRS and HMS are compatible with the
containment atmosphere and the nuclear environment by the
following neans:

A. Components will be fabricated from austenitic etainless
steel, type 316, 304, or eguivalent.

B. None of the naterials except elastomers and lubricants used
are subject to decomposition by the radiation or thermal
environment. The specifications require that the materials
be unaffected when exposed to the eguipment design
temperature and the total integrated radiation dose.

e Materials such as elastomers and lubricants that may reach
their damage threshold by ecuxposure to the specified |
environment wiil be replaced during routine maintenance.

D. Materials of the CHRS are compatible with the cvontainment
atmosphere composition and chenistry during normal
operations and during desiyn basis accident zonditions.

Amendment I
6.2=59 December 21, 19%¢
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TABLE 6.2.5~1
CONTAINMZNT HYDROGEN RECOABINER SYSTEM PARAMETERS
Parameter Value

Number of Recombiners 2
flow Rate per Recombiner, cfm 100 1
Design Fressure, psig 60
pesign Influent lemperature, °F 320
pesign Radiation Level, Rads 4~a—*-+41
Hydrogen Concentration Limit, Percent Ly volunme 4%

Rerom biner Lie & TilgT ]

Recomeiner Blewer Motbor Le % (0@

Corntrol Panei 3.0 x |0

Amendment I
Decenmkter 21,

W
0
o

e
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TABLE 6.2.5-2

HYDROGEN PRODUCTION PARAMETERS

e Parameter Value
Reactor Power (Full power plus 2% uncertainty), MWt 3876

Reactor Operating Time, Months 1
containment Net Free Volume (Minimum), ft3 3.377 % 106 |

IRWST Freeboard Volume (Design casis LOCA), 4,

3

initial Temperature, °f

Init.ial Pressure, peia

initial Relative bumidity

achrive 4wt I)

(34"0uf\‘20\q

cladding Zirconium Mass* lbm 4

pissolved Hydrogen in Reactor Coolant {Maximum) ,

cc(STP) per kg of water

pissolved Hydrogen in Pressurizer Steam
Space (Maximum), by Weight

1,032 % 10°

110

109

2/10 of

amendment I
Decznber 21,

1t |

!

1990



INSERT 2 CESSAR-DC, Table 6.2.3-8 [New)

TABLE €.2.5-8
HYDROGEN MITIGATION SYSTEM
AGNITER LOCATIONS
I KEGION COVERED | ELEVATION |IIDIAL LOCATION A!IMUT!
Reactor Cavity l94 5L . '43 ££ . g° g
91+9 Elevation 100 ft. 2 £t 70° ]
91+9 Elevation 100 ft. 4728, 130°
91+9 Elevation 100 ft. 47 ft. 230°
9149 Elevation 100 fe. 47 ft. 310°
HVAC Distribution 100 ft. 69 ft. pe
Header
KVAC Distribution 100 ft. 69 ft. 105°
Header
HVAC Distribution 100 ft. 69 ft. 185°
Header
HVAC Distribution 100 fc. 69 ft. 275°
'Headar
Letdown HX Room 100 ft. 65 ft. 15C° |
Regenerative HX Room 100 ft. 0 ft. 200°
Qutzide Crane Wall 125 ft. 69 ft. e’
| outside Crane Wall 125 ft, 69 ft, 142°
Qutside Crane Wall 125 f£¢. 69 ft. 225*
Qutside Crane Wall 128 ft. 69 ft. 310°
Dome 192 It 4¢ ftr. 90°
oome 192 ft. 46 ft. 270°
Dome 252 ft. 24 ft. 0¢
Dome 252 fx. 24 ft. 20°
Dome 252 ft. 24 ft. 180°
Dome 1 }2%2 ft. 24 ft. A 270°
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