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INTRODUCTION

This amendment contains information on a revised and expanded
cgléulation in answer to Question 4 of the Second Supplement.
It alsoc contains a_description of the change in the design
of the Isolation Valve Seal Water System described in Chapter-
5 of the Preliminary Safety Analysis Report and a déscription
“of the'change in the design of the Safety Injection System
describéd in answer to Question 2 of the Second Supplement.
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Question 4
Second Supplement

4, A potential source of’ hydrogen following a primary piping
- failure could be radiolytic decomposition of the safety
injection water initiated by the decay energy of the core.
.Please discuss the magnitude of the gases formed by this
process and its potential effect on containment pressure
and concentration of free hydrogen in the containment
vessel ‘ :

Answer

" A conservative analysishhas'been made to estimate the consequences of
‘radiolytic formation of hydrogen. The’results of the analysis indicate
»that an equilibriumvcondition will be attained in the containment vegsel

'in which the concentration of free hydrogen will be below the lower

b 1f1ammability limit in steam—free air. The analysis and results are

" based on the following models and assumptions.

:The determination of hydrogen radiolysis from the core decay energy
uffollowing a loss of coolant accident must consider two phases. First,
* the time-during which substantial boiling exists around the core and
second, the'tine.after thishwhen essentially no boiling exists.

ilFor the time period in which boiling occurs, the rate of radiolytic
' hydrogen production would be essentially that associated with the
‘"direct yield" due to radiolysis since under these conditions there
' is no chance for significant hydrogen concentrations to build up in
the boiling water. Under these conditions, a conservative estimate
“of the amount of hydrogen generated and released to the containment

.may be made.

.Assuming that.essentially allioflthe decay beta energy is absorbed
by the fuel that. one half.of the decay gamma energy -is absorbed

" by the water surrounding the core and that the formation constant,
HZ’ for hydrogen is a maximum 0.44 molecules per 100 ev of absorbed

(1)

energy, = ' the amount of hydrogen formed in the first day after reactor trip
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is approximately 6 x 105 liters of H2 'ASSuming that all of.this
. hydrogen is mixed in the containment volume, a free hydrogen concentra-

tion of O. 82 volume per cent is obtained

The emergency’coreicooling equipment prOVided'for post'loss—of—coolant
accident conditions will terminate net boiling in the water around

the core in approximately the time required to empty .the refueling
water storage tank which is on the order of 45 minutes to one hour.
The amount of hydrogen found during this first hour of boiling is
approximately one tenth of the amount produced in one day so the:

. expected concentration of hydrogen due to the presence of boiling

‘in the core 1s 0.08 volume percent which is well below the lower
_.glammahility limit in steam free air of 4 volume per cent. A
further case was investigated infwhich'it was assumed that boiling .
continued.for a period of one week following the accident and that
all of the hydrogen generated during this periodvreached the con-
tainment.’ Naturalgdecay'of the core gamma source was assumed during
this period " The resulting concentration in the7containment.is 3.3
volume per cent of hydrogen which is below the lower flammability
limit of hydrogen in steam free air. ‘ ’

After cessation of boiling, radiolysis of the water continues but .
‘a near-steady-state condition is attained where the rate of recombina—
tion of radiolytic products equals the rate of dissociation of the
water. For this to occur, a. certain hydrogen concentration must
be sustained_in the water phase. We can predict a maximum value for
this from_publishedrwork."Given this value, andiutilizing Henry's _
Law for gas.solubility, the hydrogen'contentfof the,containmentuwessel
atmosphere may be estimated.' o - | o

( )

According to Allen gamma radiolysis of static water, results. in a

hydrogen concentration dependant on the. amount of excess oxidant

(0 + H,

H, 02) present in solution.- At 25 C where the oxygen content
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of air saturated water is a maximum of ~ 7 ppm for a system at atmospheric

presure, the excess oxidant, a, is

o= 2 [02]
(2) (7 x 1Q‘3gm 02/11cér)
~ (32gm 0,/mol)

4,38 x 10_4 moles/liter

. or,

o, moles = (4.38 X 10—4 mol ) (6.023 x 1023 molecules )
liter - ' L R mol '

= 2.64 x 100 molecules/liter

For this value of a, and utilizing‘Figure 7.2 in Allen's book, the Steady—stgte

"~ hydrogen concentration in solution will be ~ 1.3 x lOlg-molec/liter, or

IH ] = 1 3 x 1019 molec/a = 2,16 x 10-5 moles
2" 23 liter
6 023 X 10 molec/mol

In order to confirm this, additional calculations were made ‘utilizing Jenk' 3(3)
relationships to give steady—state product concentrations.: For this, certain '

parameters were assumed, as follows (see Appendix):

Volume of Water Afound Core = 4000 cu..ft. '

Gamma Doée Rate = 0. 06 watts/cc ‘ ‘
" . Excess Oxidant in Water, a, 4.38 x-10_4‘molés/11ter

Temperature = 180°F - B
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where P

‘Cohservatively, we select KH

Question 4
Page 4

This computation, given in the Appéndix, predicts a hydrogen concentration
in the water at'steady-state of "1 x 10-5'moles/1iter. This is in good

agreement with the prediction from Allen.

To demonstrate that thg hydrogen concenﬁration is somewhat insensitive to
dose rate, the calculations using Jenks' equations were repeated, using

a higher dose rate by a factor of 10, i.e., from 0.06 to 0.6 watts/cc.
This resulted in a predicted steady-state hydrogen concentration of 2.3 -

x 10-5 moles/li;er, which is also in good agreement.with the resulté from

~Allen's method.

If we now assume that the net'production of hydrogen from gamma radiolysis
will occur until the water contains 2.16 x 10_5 moles/liter,'and that
this solution is in equilibrium with hydrogen in the containment‘atmoéphere;

the concentration in the latter may be computed'using Henry’s Law.

For this,:we use the relationship -

Pap = M) x &y

H2 ‘partial pressure of hydrogén; psia

[HZ] = solution concentration of hydrogen, moles/liter

KH = Henry's Law constant for hydrogen, psia/(moles/%)

(a)at the temperature of minimum hydrogen

soiubility in water to give the maximum partiai pressure for a given

concentration in water, i.e.; 1.72 x 104 psia/(moles/liter) at 212°F.
-5 ... 4

= (2.16-x 10 )(1.72 x 107)

Thus;“ PHé

= 0.372 psia
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and the volume percent in the containment atmosphere will be

0.372 x 10°

14.7

ne

vio H2

2 2.53 v/o

The above calculations indicate that the accumulation of hydrogen in the
containment following a loss-of-coolant accident due to radiolytic
decomposition of water may reach an equilibrium’conéentration which

-is about one half of the lower fiémmability limit of 4 volume per cent.
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Appendix

Prediction of Hydrogen Steady-State from Gamma Radiolysis

Reference: ORNL-3848, "Effects of Reactor Oberations
' on HFIR Coolant'", G. H. Jenks, 1965

1) Analytic Expressions
K14 ¢ a(oH) + X18 (OH) v k14 ¢ k14 ca
T K = , \/A+a k (OH) ok = C-A+B_?—l€——l_c—
9 T k 16 9 9 712
12
e~
-9 8
' A
H,) = —V— =
2 k12 (OH)
2) © Rates of Formation of Radiolytic Products

The rate of formation of a given product will be given as the product
between the dose rate and the G value of the particular radiation

involved. For pure gamma radiolysis,

A = RHZ; and Cyp = 0.44

B = ROH GOH = 2734

€ = Ry - G202~ 0-70

F = R_ | 6 = 2.3
aq . . aq

The dose rate was selected from the average of the decay energy during

the first day after reactor trip. That is
22
Dose = (1.72 x 10°7) P(t) Mev

Where P(t) is integrated decay energy in equivalent full-power seconds

(efps).
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Page.a
and, o :
A= (1.66 x 10’?0)(0.44)(3.75 x 1084 = 2,74 x 1076 Reles
B =.(1.66 x 10_20)(2.34)£3.75 x 1014) = 1.46 x oS
c= (1.6§‘x 10*20)(0.76)(3.75 x 10%%) = 4.35 x 107 v
F = (1.66 x 16f2°)(2.31)(3f75 x 101 = 1.4 x 107> "

Excess Oxidant

~As given before, the excess oxidant for air saturated water at 25°C, is

A= 2 [0,]

= 4.38 x 107 ZoleS

liter

‘Rate Constants

Rate constants used in the analytical expressions are reported by Jenks

for 25°C, and these have been corrected to 180°F for the present case

- as follows:

. and o
o Er G-
K 2
2 a
where T, = 25°C (298°K) and T, = 180°F (355.4°K), we obtain
K _E/R (5.3 x 107
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" During the first day, P(t) was estimated to be 850 -efps, but. this
- represents the full amount of decay energy. In this calculation, it
is assumed that only 50% of the energy is gamma, and qf this, only 50%

is absorbed in the water. Thus, .

~Dose Rate = (1 72 x 10 4) (850)
(4) (86 400 sec/day)

= 4.25 x 1019 Mev/sec
" .If we assume that this enefgy is absorbed in 4000 cuft of watgr-surtoﬁnding
the reactor core, the volumetric dose rate is,‘ ' .

VDR = (4.25 x 10%°
" (4000 f£t3

Mev/sec)

X 28 3 2/ft )

= _3.751x 1014 Mev/4sec'’
or, . | o .
' 14 -13 -3 .
(3.75 x 10 Mev/l-sec) (1.6 x 10 ; watt-sec/Mev) ( 10 = 2/cc)
= 0, 06 watts/cc o ‘

The rates of formation of radiolytic products, are oo

molec

Mev 4 100ev ,., o
100 ) ) x 10 - » .

f-sec (Mev )

6 G VDR (

(mdles) =

f-sec 23 ,molec

6.023 x 1077 (D275

= 1.66 x 10“29 G x VDR
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- Computations

expressions gives the following

T.= 6.38 x 107

(OH) = 10~

(1)

HZ

=9
0.9 x 10

Py .= 0,155 psia

-5 moles
" liter

in Cohtaihmeht ~ 1.05%

Page 10
_ k| %/mol-sec | E,kcal. | E/R _ E/R(5.3x10—4) -ki/k 2/mol-sec
"1 at 25°C SR o at 180°F
8 | 1.9x10® | 3 1510 | ' 0:80 - 0.45 4.22x10"°
9 | 1.2x10'0 1510 | 0.80 0.45 “2.67x10'°
12 | 4.5x107 3520 | 1.87 0.15 3.0x10°
14 | 4.sx10” | 45 2260 | 1.20 0.30 1.5%10°
16 | 2.7x10° 5 2520 | 1.34 0.26 10x10’
18 | 4x10° |3 1510 | 0.80 0.45 8.9x10°

,Subétitution of the known or assumed constants into the analytical
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If the above Calculations are repeated, except that the dose rate is

increased by a factor of 10, we have

A= 2.74 x 10-5'moles

f-sec
B=1.46 x 10-4 " 0.6 watts ,’1805%
cc . :
C=64.35x10"° "
F=l.bx10 "
', and the result is,
T = 6.38 x 107
L, -9 .
- (OH) = 4 x 10 7
- SREPPC T
\Hz) = 2,3 x 10 ° _moles
: liter
P, =-0.39 psia | |
2 .
v/o HZ in Containment 7 2.69%
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ISOLATION VALVE SEAL WATER SYSTEM

A detailed evaluation of this system has resulted in sbme modifications to

the conceptual design described and illustrated in Chapter 5 of 'the PSAR.

' These modifications do not alter the principle of leak prevention described

in Chapter 5 of the PSAR, but provide several improvements. The modified

system is described_in this section. Figure 2-1 shows the revised flow diagram

~of the system.

Principle of Operation

The Isolation Valve Seal Water System functions in the event of any condition

requiring containment isolation. When actuated, the Isolation Valve Seal

-Water System interposes water inside the piping between two isolation points

located outside the containment boundary. The water is introduced at a pressure
higher than the design pressure of the containment. Seal watef.tank pressure

is maintained by a high pressure nitrogen source which does nbt require any
outside power to maintain seal water pressu}e. The possibility of leakége

from the containment or reactor éoolant system past the first isolation poiht

ié thus prevented by assuring that if 1eakﬁge does exist, it will be from

the seal system.into the containment. ‘

Means of Actuation

Isplationland'seal water injection are accomplished automatically in some
lines and manually in others, depending on the status of the system being
isolated and the potential for leakage in each case. Generally, the criteria

for determining which lines are provided with automatic isolation valve seal '

water injection are as follows:
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: ‘ o Automatic seal water injection is’ provided for lines that could communicate,

with the reactor coolant system or containment atmosphere following a loss

of coolant accident and could be void of water in the event of a loss—of-h

coolant accident. These lines include:

l‘o
2.

3.

4.

Letdown Line
Drain Header

Vent Header

Pressurizer Relief Tank Vent

Manual actuation of seal water injection is used for lines that are normally;

filled with water and will remain filled with water following a loss of coolant.

accident., These lines are routed so that a vertical water leg assures an

initial seal on the isolation valve. The manual injection line assures a

long term seal.

'Exceptions to the requirement for seal water injection are: High pressure

. gas lines, and lines that will aiways remain full of water because of safety

injection service.

High pressure gas lines provide a double bérrier to containment leakage without

the requirement for seal water injection.

1.

Nitrogen Supply Line . o ,
The pressure applied is greater than containment pressure. A pressure
regulator maintains the nitrogen pressure and prevents out leakage..

A manual diaphragm valve is provided for backup.

Instrument Air Line

Instrument air pressure is greater than containment pressure. Redundant’

" ‘remote isolation valves close if a loss of pressure occurs. These

_ valves are diaphragm valves to prevent any stem leakage.

Lines in the low head branch of the safety injection system which always

. remain full for safety injection and recirculation operation do not have

seal water injection.
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Both automatic and manual seal water injection schemes add water between
the valvesseat and valve packing. This intermediate ione is maintained
. at a pressure higher than the containment design pressure. " There are no.

real water injection connections between the containment and the first isolation

isolation point.

The devices used to provide isolation and a water seal will vary depending'

~ on the application. One of the following means will be employed.

"For lines approximately two inches and 1arger,.double-disk valves are used
for isolation.. A drawing of this valve is presented in Fig. 2-2. .Double
isolation is provided when the valve is closed. The upstream and downstream'
‘disks are forced against their respective seetsnby the closing action of

the valve. Seal water is injected through the valve bonnet and pressurizes =
‘the two valve disks. The seal water pressure in excess of the potential

E accident pressure eliminates any outleakage past the first isolation point.

For smaller lines, isolation is provided by two globe valves witn the seal

wster injected into the pipe between the vaives. The valves are installed

such that the isolation water wets the packing. When the valves are closed
for containment isolation, the first isolation point is the valve plug,

and the pressurized water seal is applied between the valve. plug and packing.

There is a sufficient supply of seal water in the seal water injection tank
to assure a one day supply of seal water under the most adverse.circumstances,
The maximum acceptable leakage in any valve is 10 cc/hr/inch of nominal pipe
,diemeter; Tests on these valves have indicated a much lower leakage can

be expected. However, the seal water supply tank is sized for a 24 hour
supply, based on the conservative assumptions that all valves are leaking at
five times the nominal 10 cc/hr/inch diameter .and each valve is 10 inches:

in diameter. For the approx1mate1y 50 penetrations 600,000 cc's are required.
A 200 gailon seal water supply tank meets the requirement. A makeup ' ’

capabilitv is provided for-long term seal water supply.

- Should one of the valves fail to seat, flow\tnrough the failed valve will
be limited to 100 times the nominal leakage’ “value. This is accomplished
by an orifice in each seal water’ injection line. A flow indicator is

-provided for the system. An operator then has more than one halfvday to

 observe the leak and close the injection'line or start the makeup‘supply.
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SAFETY INJECTION SYSTEM

The Safety Injection System for the Indian Point Unit Nd. 2 (as shown in

the process flow diagram, Figure 3-1) is made up of several independent subsystems.
These subsystems each contain redundancy of equipment and redundancy of flow

paths inside of the missile protection boundary. This redundancy assures.
“cdmplete reliability of operation and assures continued core cooling, even

‘in the event of a credible failure of a component.

1. Injection Phase

" a) "Description

During the injection phase of operation, two independent low-

head core deluge systems deliver borated refueling water to the
reactor vessel above the core through nozzles on the ‘hot- -leg -

piping in’ each of the four reactor coolant loops._ Either deluge :
system operating by itself at partial effectiveness with one
pump‘will prevent majorbdamage or melting of the core and will

1imit the amount of zirconium water reaction to about five per

cent for large breaks such as the hypothetical double ended severance

‘of a reactor coolant pipe.

The'two independent deluge systems are shown on the nrecess fldu
diagram, Figure 3-1. One system utilizes the two residual heat
removal pumps, each of which take suction from a line from the
}refueling,water storage tank. These_pumps deliver borated water
through the residual heat removal line, one of the two residual'_
heat exchangers, and through an injection header and four injection.
1ines to the connections on the hot-leg piping of each of the

four reactor coolant loops.



The other deluge system utilizes the two low-head safety injection
pumps which are located inside the containment. These take suction
"from a line from the refueling water storage tank, and deliver
through the other residual heat exchanger to a separate injection
header from which four additional injection lines branch to supply
the hot-leg piping connections on each of the four reactor coolant

loops.

‘The two residual heat exchangers are isolated from each other -
during power operation by locked closed valves in their inlet

"~ .and outlet headers. The injectionAlines from the two separate
hot leg injection headers utilize the same four injection points
on the reactor coolant loops. Each deluge system is designed to

fulfill its function of core cooling with one line spilling.

In addition to the two deluge systems, a high Head system containing
three high-head pumps assures injection of borated water into
the reactor coolant system for small breaks where the blowdown

is slow and pressure in the reactor coolant system remains high.

These pumps are arranged tévdeliver to two injection manifolds,
each of which supplies two injection lines. A total of four high-
head injection lines inject the borated water into the reactor
vessel by way of a connection in each loop cold leg. The two
4injection manifolds and the check valves in the high headlsafety
injectibn pump discharge header ensure that the full delivery

of one high head pump injected even in the event of a rupture

of one high head system injection line or failure to deiivér flow
through one of the two injection manifolds. The high-head system
can fﬁlfill its design objective for small breaks even with the
faildre of one injection manifold to deliver to the reactor coolant

system and the failure of any high-head injection pump.

Either of the two low-head deluge systems provide the necessary
core cooling without need for the high head system for large breaks

inéluding the double ended severance of the reactor coolant pipe.
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b) 'Operation

The safety injection equipment needed during the immediate post-<;
acc1dent injection phase of operation is started automatically
upon coincident signals of low reactor coolant’ pressure and low
pressurizer water level from two of three independent pressure
"and -two of three independent level channels. The valves and pumps
aCtuated by the automatic Safety injection signal are indicated

by the "S" on Figure 3—l. . '

Equipment in excess of the basic needs'fOr core protection:is‘
started«automatically,- Table 3-1 shows a comparison between the
reouirements for core protection and the pumping equipment actually

‘placed in‘operation.

Recirculation Phase -

Delivery of water to,the.core is continued for long—term cooling by
recirculation of the spilled refueling water and reactor coolant from
the containment floor sump.by.the 1ow-head’safety.injection‘pumps o

through‘the residual heat exchangersito the'reactor coolant'System.

Recirculation is initiated as the level of water in the refueling water
"storage tank is reduced below a predetermined point. - Injection.of.

, refueling water using the high head and ‘residual heat removal low. head

systems ‘continues during the transfer to recirculation.,

The recirculation equipment is essentially as described in Question 2

of Supplement No. 2 to the Preliminary Safety Analysis Report with

minor modifications. The low~head safety injection pumps are valved
_ ;to take suction from. the containment sump and recirculate the sump water';‘
E through a residual heat exchanger to the four deluge injection points on
'_ the reactor coolant hot' leg piping. A branch connectlon on the heat '

exchanger outlet can divert if required, a portion of the cooled recirculation

water for containment Spray One . low—head 1nject10n pump, (already

in operation for 1nJect10n) has sufficient capacity ‘to both spray the

"containment and to maintain the core 1n a flooded condition. .
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‘Eduipment Needed

for Core Protection

TABLE 3-1

Summary of Core Cooling Equipment Operation

Equipment Started Outside
Electric Power or
3 Diesels Available

Equipment Started

Two of Three Diesels*

1 Low-head pump
(safety injection or
residual heat removal

1 High~-head Safety Injectioh
Pump (small breaks only)

1 Low-head safety injection pump*
1 Residual heat removal pump*

" 3 High-head safety injection pumps

1 Low-head safety
injection pump

1 Residual heat removél
pump '

1 High-head safety
injection pump

*Automatic starting sequence starts the alternate pump should one pump fail to start.
All valves required to align the systems for injection are moved to their proper
‘position even if power is available from only two of the three emergency diesels.



. Thus, for large breékS'where'there is-a'pdtential for fission products
release, the recirculation flow path is entirely within the containment,
fand the injection equipment located outside the contéinment can be shut

down and isolated.

Tne recirculation loop inside the containment has full-pumping capacity
otandby in fhe»other low-head safety injection pump. ln addition, the
residual heat removal pumps, -located in the auxiliary building outside'

the containment, can be placed in service if necessary taking suction'

from another floor sump inside'thg containment and recirculating the

' water through €ither of the residual heat excnangers to the deluge injection
; points on the reactorvcoolant hot leg piping. Each reéidual,heat removal

- pump has the same head-flow design point as the low héad safety injection
pumps and 1is therefore a'full-capacity backnp. Hence, the installed -
low head recirculation capacity is four times that required to provide

* minimum recirculation requirements.

. Branch connections to the suction of the high-head safety injection
pumps are provided downstream of the residual heat exohangers in each
independent low-head system. ThéSe connections permit operation of
the high-head pumps for recirculation following small reactor coolant

system ruptures in which reactor coolant pressure remains high

The high-head pumps are aligned into the recirculation flow path at

the conclusion of the injection phase of operation if the reactor coolant’
pressure remains above the design delivery head of the low-head pumps.

At least one of these high head pumps will remain in operation as the
recirculation flow path is aligned. Any one of the three available

high head pumps has capaclty adéquéte to maintain the necessary core

recirculation flow.
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Electrical Power Supply

The basic features of the power supply system are as such that with

all three of the diesels in service or outside electric power available:

a)  Full containment cooling capacity is available using all fan

coolers. and all spray pumps

b) Double safety injection capacity is available using all high-
head pumps and one residual heat removal and one low-head

safety injection pump

. The emergency diesel power supply is sized to provide power with;only

two out of three units operating to operate necessary engineered
séfeguards to provide both containment and core cooling following the
maximum hypothetical double ended pipe severance loss-of-coolant accident.

Table 3-2 lists the engineered safeguards equipment automatically

started after a loss-of-coolant accident.
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TABLE 3-2

ENGINEERED SAFEGUARDS
IMMEDIATE POST-ACCIDENT OPERATION

Autqmatié Operation with outside  ° Automatic Operation with two

*The minimum requirement is based upon preventing containment pressure from
exceeding the design value.

Power or Three Diesels ‘ - of Three Diesels Minimum Requiremént*
1 of 2 Residual Heat Remova1 Pumps' -1 Residual Heat Removal Pump 3 Fan Coolers
lrbfZZ Low-head S. T. Pumés 1 Low-head S. I. Pump 2 Service ﬁater Pumps
3o0f3 High-head S. I, Pumps ’ 2 High—gead Ss. I. PumP 1 High~head S. I. Pump
2 of 2 Spray Pumps : 1 Spray Pump 1 Low—ﬁead Ss. I. PumpA
.2 of 6 Service Water Pumps 2 Service Water Pumpé
50f 5 fan'Coolers 3 Fan Coolers
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