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Helping Build Mississippi
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United States Atomic Energy Commission
Washington, D. C. 20545

Attention: Mr, A, Giambusso, Deputy Director
for Reactor Projects
Directorate of Licensing

SUBJECT: Grand Gulf Nuclear Station

Units 1 and 2

Docket Nos. 50-416/417

File 0272/L-952/11000

Advance Information Combustible
Cas Control & By-Pass Leakage
(MAEC-62)

AECM-63

Gentlemen:

Enclosed are five (5) copies of information requested by your
July 19, 1973, letter concerning the combustible gas control system
and bypass leakage.

This is advance information and will be identical in content to

infermation filed later this month as part of Amendment 11 to the Grand
Gulf Preliminary Safety Analysis Report.

Yours very truly,

K £
/L N. L. Stampley

Vice President

{
Subscribed and syorn to before me this /€¥4
day of _@5“3 , 1973,
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JINORBB -9 1 PO Notary Public, in and for the County of
Hinds, State of Mississippi
NLS/1s
Enclesures

¢c: Mr. Troy B. Conner, Jr. &y Comm, Expres apsy
o

Mr. Robert C. Travis el, 19y

Member Middle South Utilities System 7~ 7’/#/37
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Item 6.2.39

RESPONSE:

dendment 11l
8/17/73

GG

Provide the results of an analysis of the plant's
capability to allow initiation of the hydrogen
recirculation system at 10 minutes following a
loss-ofi=coolant accident., Define the spectrum of
primary system break sizes for which this capa-
bility may exist and discuss the specific
liriteticns which ceterrmine the unaccepntable
break ranges. As a mirnimum, the following
possible limitations should be addressed:

a, containment spray heat capacity:;
b. RHR system interlocks;

¢. capability of the recirculation system to
effectively mix the drywell and containment
atmospheres considering the evolution rate
of hydrogen due to metal-water reaction;

d. interlocks on the recirculation system
valves; and

e. reguirements for operator action.

The following are the results of an analysis of
the Grand Gulf P.ant's capability to accommodate
initiation of the hydrogen mixing system at 10
minutes following a loss-of-coolant accident.
This is a theoretical analysis based on an
arbitrary l0-minute start time because, as has
been stated in PSAR Subsection 6.2.5.3.2.2 and
shown in PSAR Figure 6.2.24a, this system will
not be required until at least one hour following
a LOCA. P

Metal-water reaction is a function of primary
system break size. It is a time-at-temperature
phenomena, with the maximum temperature occurring
for the DBA (reference Section 6.3 of the PSAR).
The double-ended recirculation line break is,
theiefore, the worst-case break in relation to
maximum metal-water reaction. All other spectra
of pipe breaks would produce lesser amounts of
metal-water reaction at a reduced rate of
generation, The 10 minute start time capability
has, therefore, been related only to this worst~-
case break.

R6.c.39-1



Amendment 11
8/17/73

GG

As discussed in the response to question
6.2.41, the containment spray system is
capable of maintaining containment pressures
and temperatures within their design limits,
assuming that the hydrogen recirculation
syster 1s initiated at 10 minutes or later
after a2 LCOCA., A very conservative end point
calculation, assuming that the containrent
is at peak cesign conditicns, indicates that
the containrent spray system is capable of

the reactor vessel at approximately 11.7
minutes after the LOCA, The results of
this analysis are shown in Figure R6.2,39-1,

The analysis did not assume transient effects
which would allow the containment pressure
to fluctuate between initial conditions at
10 minutes (5 psig) and design conditions
(15 psig). The analysis assumed the
pressure remained constant and calculated
the time at whic.. the system may be started
without increasing the temperature of the
containment. The initial containment con-
ditions are such that approximately

20,000 lb of additional steam can be
absorbed by the containment atmosnphere
prior to exceeding the design pressure, If
the hydrogen mixing system is postulated to
start at 10 minutes, it has been determined
that less than 6,700 1lb of additional steam
is produced prior to the containment spray
having the capability to condense all the
steam produced. Therefore, adequate margin
exists to enable 'a start time of 10 minutes.

Existing RHR system interlocks (See Sub-
section 7.3.1.1.5) apply to the initiation
of the hydrogen recirculation system. None
of these impose a limitation on the capa-
bility to start the system at 10 minutes
fcllowing a LOCA.

The capability of the fans was discussed in
the response to Item 6.2,30b. As noted
therein, the recirculation fans provide

one complete drywell air change every

seven minutes.

R6,2.39-2



mendment 11
8/17/73

GG

The flow rate, assuming that two of the four

hydrogen recirculation fans are operating,
is 40,000 cfm. Thus, whenever the recircu-
lation system is started (and assuming a
hydrogen concentration of ( percent by
volume) the hydrogen is removed frem the
drywell a2t the rate of 1600 cfm. It can be
seen that this removal rate far exceecds the
generation rate of 237 scfm at 10 minutes
using the equation listed in the response
to Item ¢6.2.28. It can alsc be shown that
the recirculation system is capable of re-
moving the hydrogen at the cgeneration rate
which would give 4 percent by volume con-
centration in the drywell in 10 minutes

(as postulated by this question):

(3 ()"

generation rate =

3
ft
= 40 5w

The recirculation flow rate, therefore, is
sufficient to remove hydrogen generated
even in the postulated 10-minute time.

Two interlocks are provided to prevent the
possible overpressurization of the contain-
ment due to the initiation of the recircu-
lation system. These are:

1 A signal indicating initiation of the
containment spray.

2. A hydrogen concentration indication
permissive in the drywell in excess of
approximately 4 volume percent.

The limitations on opening the containment
spray valves are discussed in (b) above,

In addition, the AP switches of the vacuum
relief function will not initiate closing
of the recirculation inlet valves once the
system has been initiated following a LOCA.

R602039-3




Amendment 11
8/17/73

GG

During the hydrogen concentration lockout,
no operatcr action can cause recirculation
initiation (although automatic vacuum relief
is possible); however, the operator can
initiate the system if the hydrogen concen-
tration approaches four velume percent.

e. PRecirculation is manually initiated. The
monitored parareters and operator actions
based on those parameters are described in
the response to, Item 6.2.40, The contain-
ment sprays are also manually initiated,
Spray actuation requires only the diverting
of the LPCI flow to the spray headers.

R602u 39-“
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FIGURE R6.2.39-1

CONTAINMENT SPRAY CONDENSING CAPABILITY AND
REACTOR STEAMING RATE FOLLOWING RECIRCULATION LINE BREAK
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Item 6.2.40

PESPONSE:

GG

Amendment 11
8/18/73

Discuss the nrocess parameters which are monitored
by and available to the operator and the general
operating procedures wnich he will follow in

making the decision to initiate

the hydrogen recir-

culation system, Describe the manual actions wvhich
nust Le performed by tihe operator ¢O start recir-

culation.

™he concantration of hvdroonen aas in the drvwell

and containment is disnlaved in
bv four indicators connected to
™o svstems are used to monitor
systems are used to monitor the
are onerated from each analvzer
hiah corncentration of hvdrocen,

the control roor
senarate analvzers,
the drvwell and two
containrment, Alarms
to be activated on a

Yhen the concentration o€ hvAroaen reaches U parcent,
the overator will nmlace the hvdrooen mixina svstem

in service bv manual overation of two nushhutton
switches for svstem initiation or oneration of
individual switches for each comoonent.

R6,2,40-1



Item 6,2.41

RESPOISE :

Amendment 11
8/17/73

GG

Provide an analysis of the heat removal capability
of the containment spray system. Discuss thne
assumptions and the justifications for the
assumptions used in the analysis,

The heat reroval capability of the containment
spray system for Grand Gulf is 44 lbm/sec hypass
steam from the drywell. Tihe containment could
tolerate this flow rate of hvoass steam from the
drywell into tihe containment air space without
having the design pressure (15 psig) being exceeded,

The key assumptions for the analysis are as follows:

a, The flow rate of the containment sorav is
5700 gpm. This flow rate is conservatively
interpolated from the rated flow rate 7400
gpm of the RHR pump by considering higher
total discharge head required for the spray
system.

b, Steam bypass begins at 10 minutes following a
primary system break accident.

€. The suppression pool temperature at the time
of the spray initiation is 142 F, Calculation
of this temperature is based on the pool heatup
by the primary system energy dumped.

'

d. The RHR heat exchanger capacity is 470 Btu/sec-
F which is reduced from 540 Btu/sec-F at
rated pump flow,.

e. The spray efficiency was set at 75 percent.
Spray efficiency is defined as:

Tf-Tc
n =

T
a c

where: T_ = temperature of drop after
condensation, F ’
T = temperature of incoming spray water
water, F
T = bulk temperature of containment
atmosphere, F

R602.“1-1




Item 6.2.42

RESPONSE:

Amendment 11
8/17/73

Provide sensitivity analyses which relate the allow-
able bypass capacity (Figure 6.2-26), for small
primary system breaks, to the following means

of mitigating or terminating bypass leakage:

a.

b.

containment sprays;

plant shutdown times;

containrent heat sinks (specify the scources
of the ihcat sinks and the nmanner by which
heat sinl: effectiveness was determined) and

any other means for mitigating the effects of
bypassing.

Considering the above analyses, summarize the con-
tainment capability to withstand the effects of
direct bypass of the suppression pool.

a.

The answer to the guestion 6.2.39.a and 6.2.41
indicates that the concainment of the Grand
Gulf Station could tolerate a Lypass rate of
approximately 44 lbm/sec steam from the drywell,
In comparison with the maximum allowable

drywell leak rate 2.2 lbm/sec for a small line
break, the containment spray system could increase
the drywell leak rate by a factor of about 20.
This clearly indicates that the containment
spray can serve as a strong back-up svstem for
increasing the containment capability to
tolerate a higher drywell leak rate.

Plant Shutdown Times

The maximum allowable bypass capacity

(A/Vk = ,043 £t2) is based on a normal reactcr
shutdown (depressurization and cooldown )over

a six-hour pericd. 1If this time is decreased,
the allowable bynass capacity will increase
accordingly. The maximum time at which the
reactor could be depressurized without exceeding
a vessel cooldown rate of 100 F/hr is approx-
imately three hours. This would result in an
approximate doubling of the maximum allowable
bypass capacity. Bypass capacity vs. time

is shown in Figure R6.2.842-1,

Containment Heat Sinks

Some portion of any postulated steam bypass
from the drywell to the containment will
realistically be condensed on the relatively

R6,2.42-1



d.

Amendment 11
8/17/73

GG

cool containment structures and internals.

The fraction of leakage flow condensed depends
largely on the size and break location, mixing
process, and film coefficients.

A model assuming homogeneous mixing of the bypass
stearm with the air in the containment should
logically include the total surface arca of

the containment structure and internals where
considerinag condensation., Condensation rates

in this casc¢ would be high and result in large,
allowable bypass capacities,

A model assuming stratification of the steam
leakage in the upper region of the containment
would logically include only the upper surfaces
bounding and included in the stratified layer
for condensation considerations.

Both cases have been examined in some detail
with regard to condensation and containment
pressurization. It is concluded that the
stratification model results in thc most
realistic and conservative assessment of the
actual phencomena.

The maximum allowable leakage capacity calculated
for the Grand Gulf containment is based on the
ctratified model and includes the effects of
condensation. The condensation rate is based

on heat transfer only to the upper part of the
concrete containment scructure consistent with
the stratification assumption. The heat

transfer rate over the long term is relatively
insensitive to the condensation film coefficient
due to the heat conduction limitation of the
concrete sinks. Over the six~hour shutdown
period, approximately 1/3 of the bypass steam
flow is condensed and has the effect of increasing
A/V'k by approximately 1/3.

A conservative assessment of the maximum
allowable drywell to wetwell bypass capacity
results in an A/VK = 0,043 ft2, This value

is predicted on the assumption of a normal
shutdown period of six hours and includes a
conservative assessment of leakage condensation.

The maximum bypass capacity .s inversely
proportional to the shutdown time; the shorter

the shutdown time the larger the allowable leakage
capacity. !Maximum shutdown rate could approx-
imately double the allowable leakage capacity.

R6.2.42=2



Amendment )1
8/17/73

GG

A conservative assessment of leakage condensation
is included in the maximum allowable bvpass
capacity calculation. It is doubtful if a less
conservative analysis would result in even
doubling the allowcble bypass capacity.

Containment sprayvs have a significant effect

on the maximum allowvable bynass lealkace
capacity. A conservative assecssment of the uce
of sprays would increase the allowvable leakace
capacity by a factor of 20 for the small brzsak
accident case.

R6.2,42-3
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