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15.4.1.2 HydLr2gen Production and Accumulation

Hydrogen accumulation in the containment atmosphere following the
Design Basis Accident can be the result of production from
several sources. The potential sources of hydrogen are the
zironium-water reaction, corrosion of construction materials, and
radiolytic decomposition of the emergency core cooling solution.
The latter source, solution radiolysis, includes both core
solution radiolysis and sump solution radiolysis.

15.4.1.2.1 Method of Analysis

The quantity of zirconium which reacts with the core cooling
solution depends on the performance of the Emergency Core Cooling,
System. The criteria for evaluation of the Emergency Core
Cooling System requires that the zircaloy-water reaction be
limited to one percent by weight of the total quantity of
zirconium in the core. Emergency Core Cooling System
calculations have shown the zircaloy-water reaction to be less
than 0.1 percent, much less than required by the criteria.

The use of aluminum inside the containment is limited and is not
used in safety-related components which are in contact with the
recirculating core cooling fluid. Aluminum is more reactive with
the containment spray alkaline borate solution than other plant
materials such as galvanized steel, copper, and copper nickel
alloys. By limiting the use of aluminum, the aggregate source of
hydrogen over the long term is essentially restricted to that
arising from radiolytic decomposition of core and sump water.
The upper limit rate of such decomposition can be predicted with
.ample certainty to permit the design of effective
countermeasures.

It should be noted that the zirconium-water reaction and
aluminum corrosion with containment spray are chemical reactions
and thus essentially independent of the radiation field inside
the containment following a Loss-of-Coolant Accident (LOCA).
Radiolytic decomposition of water is dependent on the radiation
field intensity. The radiation field inside the containment is
calculated for the maximum credible accident in which the fission
product activities given in T1D-14844(1) are used.

The hydrogen generation calculations are performed; one using the
Westinghouse model discussed below and the' other using the NRC
Branch Technical Position CSB6-2.

15.4.1.2.2 Typical Assumptions

The following discussion outlines the assumptions used in the
calculations.
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The corrosion of zinc may be described by the overall reaction:

ZN + 2H20 = ZN(OH)2 + H2

Therefore, one mole of hydrogen is produced for each mole of zinc
oxidized. This "corresponds to 5.5 scf hydrogen produced for each
pound of zinc corroded.

The time-temperature cycle (Table 15.4-2) considered in the
calculation of aluminum and zinc corrosion is based on a
conservative step-wise representation of the postulated post-
accident containment transient. The corrosion rates at the
various steps are determined from the aluminum and zinc corrosion
rate design curves shown in Figures 15.4-1 and 15.4-1a. The
corrosion data points include the effects of temperature, alloy,
and spray solution conditions. Based on these corrosion rates
and corrodable metal inventory given in Table 15.4-3, the
contribution of aluminum and zinc corrosion to hydrogen
accumulation in the containment following the Design Basis
Accident has been calculated. For conservative estimation, no
credit is taken for protective shield effects of insulation or
enclosures from the spray and complete and continuous immersion
is assumed.

Calculations based on the NRC model are performed by allowing an
increased aluminum corrosion rate during the final step of the
post-accident containment temperature transient (Table 15.4-2)
corresponding to 200 mils (15.7 mg/dm2/hr). The corrosion rates
earlier in the accident sequence are the higher rates determined
from Figure 15.4-1.

4. Radiolysis of Core and Sump Water

Water radiolysis is a complex process involving reactions of
numerous intermediates. However, the overall radiolytic process
may be described by the reaction:

2 H20 2H2 + 02

Of interest here is the quantitative definition of the rates and
extent of radiolytic hydrogen production following the Design
Basis Accident.

15.4-10
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An extensive program has been conducted by Westinghouse to
investigate the radiolytic decomposition of the core cooling
solution following the Design Basis Accident. In the course of
this investigation, it became apparent that two separate
radiolytic environments exist in the containment at Design Basis
Accident conditions. In one case, radiolysis of the core cooling
solution occurs as a result of the decay energy of fission
products in the fuel. In the other case, the decay of dissolved
fission products, which have escaped from the core, results in
the radiolysis of the sump solution. The results of these
investigations are discussed in Reference (5).

15.4.1.2.3 Core Solution Radiolysis

As the emergency core cooling solution flows through the core, it
is subjected to gamma radiation by decay of fission products in
the fuel. This energy deposition results in solution radiolysis
and the production of molecular hydrogen and oxygen. The initial
production rate of these species will depend on the rate of
energy absorption and the specific radiolytic yields.

The energy absorption rate in solution can be assessed from
knowledge of the fission products contained in the core, and a
detailed analysis of the dissipation of the decay energy between
core materials and the solution. The results of Westinghouse
studies shoew essentially all of the beta energy is absorbed
within the fuel and cladding and that this represents
approximately 50 percent of the total beta-gamma decay energy.
This study shows further that of the gamma energy, a maximum of
7.4 percent will be absorbed by the solution incore. Thus, an
overall absorption factor of 3.7 percent of the total core decay
energy (p + y) is used to compute solution radiation dose rates
and the time-integrated dose. Table 15.4-4 presents the total
decay energy (p + y) of a reactor core, which assumes a full
power operating time of 650 days before the accident. For the
maximum credible accident case, the contained decay energy in the
core accounts for the assumed TID-14844 release of 50-percent
halogens and 1-percent other fission products. To be
conservative, the noble gases have been assumed to retain in the
core, whereas in reality, the noble gases are assumed by the
T1D-14844 model to escape to the containment vapor space where
little or no water radiolysis would result from decay of these
nucl ides.

The total decay energy of the reactor core which is used to
evaluate post-LOCA hydrogen production and accumulation has been
compared to a decay energy curve based on ANS Standard 5.1-1979
(5A). For this comparison, the values given in ANS 5.1 for decay
energy release rate at infinite irradiation time were adjusted to
a 6 5 0-day irradiation time. These resultant values were then

15.4-11
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multiplied by a factor of 1.2. The results of this comparison
are shown in Figure 15.4-1b. The curve presented here as the
Westinghouse decay energy curve is used exclusively for post-LOCA
hydrogen production calculations.

The radiolysis yjield of hydrogen in solution has been studied
.extensively by Westinghouse and ORNL. The results of static
capsule tests conducted by Westinghouse indicate that hydrogen
yields much lower than the maximum of 0.44 molecules per 100 ev
would be the case incore. With little gas space to which the
hydrogen formed in solution can escape, the rapid back reactions
of molecular radiolytic products in solution to reform water is
sufficient to result in very low net hydrogen yields.

However, it is recognized that there are differences between the
static capsule tests and the dynamic condition incore, where the
core cooling fluid is continuously flowing. Such flow is
reasoned to disturb the steady-state conditions which are
observed in static capsule tests, and while the occurrence of
back reactions would still be significant, the overall net yield
of hydrogen would be somewhat higher in the flowing system.

The study of radiolysis in dynamic systems was initiated by
Westinghouse, which formed the basis for experimental work
performed at ORNL. Both studies clearly illustrate the reduced
yields in hydrogen from core radiolysis; i.e., reduced from the
maximum yield of 0.44 molecules per 100 ev. These results have
been published. (5,6)

For the purposes of this analysis, the calculations of hydrogen
yield from core radiolysis are performed with the very
conservative value of 0.44 molecules per 100 ev. That this value
is conservative and a maximum for this type of aqueous solution
and gamma radiation is confirmed by many published works. The
Westinghouse results from the dynamic studies show 0.44 to be a
maximum at very high solution flow rates through the gamma
radiation field. The referenced ORNL (6) work also confirms this
value as a maximum at high flow rates. A. 0. Allen (7) presents
a very comprehensive review of work performed to confirm the
primary hydrogen yield to be a maximum of 0.44 - 0.45 molecules
per 100 ev.

On the foregoing basis, the production rate. and total hydrogen
produced from core radiolysis, as a function of time, has been
conservatively estimated for the maximum credible accident case.

Calculations based on the NRC model assume a hydrogen yield value
of 0.5 molecules per 100 ev, 10 percent of the gamma energy
produced from fission products in the fuel rods is absorbed by
the solution in the region of the core, and the noble gases
escape to the containment vapor space.

15.4-12
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15.4.1.2.4 Sump Solution Radiolysis

Another potential source of hydrogen assumed for the post-
accident period arises from water contained in the reactor
containment sump being subjected to radiolytic decomposition by
fission products. In this consideration, an assessment must be
made as to the decay energy deposited in the solution and the
radiolytic hydrogen yield, much in the same manner as given above
for core radiolysis.

The energy deposited in solution is computed using the following
basiss

1. For the maximum credible accident, a TID-14844 release model
(1) is assumed where 50 percent of the total core halogens
and 1 percent of all other fission products, excluding noble
gases, are released from the core to the sump solution.

2. The quantity of fission product release is equal to that from
a reactor operating at full power for 650 days before the
accident.

3. The total decay energy from the released fission products,
both beta and gamma, is assumed to be. fully absorbed in the
solution.

Within the assessment of energy release by fission products in
water, account is made of the decay of halogens, and a separate
accounting for the slower decay of the 1 percent other fission
products. To arrive at the energy deposit rate and
time-integrat'dd energy deposited, the contribution from each
individual fission product class was computed. The overall
contributions from each of the two classes of fission products is
shown in Table 15.4-5.

The yield of hydrogen from sump solution radiolysis is most
nearly represented by the static capsule tests performed by
Westinghouse and ORNL with the alkaline sodium borate solution.
The differences between these tests and the actual conditions for
the sump solution, however, are important and render the capsule
tests conservative in their predictions of radiolytic hydrogen
yields.

In this assessment, the sump solution will have considerable
depth, which inhibits the ready diffusion of hydrogen from
solution, as compared to the case with shallow-depth capsule
tests. This retention of hydrogen in solution will have a
significant effect in reducing the hydrogen yields to the
containment atmosphere. The buildup of hydrogen concentration
in solution will enhance the back reaction to formation of water
and lower the net hydrogen yield, in the same manner as a
reduction in gas to liquid volume ratio will reduce the yield.
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This is illustrated by the data presented in Figure 15.4-2 for
capsule tests with various gasto liquid volume ratios. The data
show a significant reduction in the apparent or net hydrogen
yield from the published primary maximum yield of 0.44 molecules
per 100 ev. Even at the very highest ratios, where capsule
solution depths-are very low, the yield is less than 0.30, with
the highest scatter data point at 0.39 molecules per 100 ev.

With these considerations taken into account, a reduced hydrogen
yield is a reasonable assumption to make for the case of sump
radiolysis. While it can be expected that the yield will be on
the order of 0.1 or less, a conservative value of 0.30 molecules
per 100 ev has been used in the maximum credible accident case.

Calculations based on the NRC model do not take credit for a
reduced hydrogen yield in the case of sump radiolysis and a
hydrogen yield value of 0.5 molecules per 100 ev has been used.

15.4.1.2.5 Results

Figures 15.4-3 through 15.4-6 show the hydrogen production and
accumulation in the containment following a LOCA Accident for
both the Westinghouse and NRC models, while Figures 15.4-7 and
15.4-8 give the volume percent of hydrogen in the containment for
each of the models. The figures f6r hydrogen accumulation and
volume percent in the containment are based on the assumption
that no measures are taken to remove the hydrogen (i.e., no
recombination on purging of the hydrogen is taken into account).
The effect of the hydrogen recombiner system on hydrogen
accumulation i-s- discussed in Chapter 6, while the effect of
hydrogen purging to atmosphere is discussed in Section 15.5.
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Power Le

Containn

Contai n

Weight Z

TABLE 15.4-3
(Sheet 1)

PARAMETERS USED TO DETERMINE HYDROGEN GENERATION

svel 356 Mwt

nent Free Volume 1,230,000 ft 3

ient Temperature at Accident 120 OF

•irconium Cladding 45,232

Hydrogen Generated Zirconium-Water Reaction

Based on 1.5% Value
Based on 0.23 Mil

Hydrogen from Primary Coolant System

Corrodable Metal

5,360 SCF
3,653 SCF

1,120 SCF

Aluminum, Zinc

INVENTORY OF ALUMINUM IN CONTAINMENT
(NUCLEAR STEAM SUPPLY SYSTEM)

Item

Source, Intermediate and Power
Range Detectprs (AL)

Control Rod Drive Mechanism
Connectors (AL)

Rod Position Indicator (AL)

Flux Map Drive System (AL)

Air Handling Units (AL)

Miscellaneous Valves (AL)

Contingency (Nuclear Steam Supply
System) (AL)

Weight (Ibs)

244

218

151

122

46

230

250

Surface
Area (ft2)

83

69

81

84

19

86

85

Revised by Amendment 47
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TABLE 15.4-3
(Sheet 2)

-INVENTORY OF ZINC IN CONTAINMENT

Item

Ice Condenser Components
(Galvanized) (ZN)

Ice Condenser Wall Panels (ZN)

Cable Trays, Conduit
(Galvanized) (ZN)

Painted Surfaces (ZN)

Weight (ibs)

51,600

737

4110

2750

Surface
Area (ftz)

206,400

29,500

55,000

45,000

Revised by Amendment 47
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