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Item Responses transmitted with letter DCP/NRC 1700

2. Non-Proprietary AP1000 Design Certification Review, Draft Safety Evaluation Report
Open Item Responses
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AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open Item Response

DSER Open Item Number: May 5, 2004 Containment Pressure Telecon

Original RAI Number(s): None

Summary of Issue:

During an NRClVestinghouse conference call on May 5, 2004, the AP1000 DCD revisions were
discussed regarding a separate containment pressure analysis to confirm a leakage rate
assumption in LOCA dose analysis.

Westinghouse Response:

See DCD revisions below.

Design Control Document (DCD) Revision:

DCD Section 6.2.1.1.3 will be revised as follows:

6.2.1.1.3 Design Evaluation

The Westinghouse-GOTHIC (WGOTHIC) computer code (Reference 20) is a computer program for modeling
multiphase flow in a containment transient analysis. It solves the conservation equations in integral form for mass,
energy, and momentum for multicomponent flow. The momentum conservation equations are written separately for
each phase in the flow field (drops, liquid pools, and atmosphere vapor). The following terms are included in the
momentum equation: storage, convection, surface stress, body force, boundary source, phase interface source, and
equipment source.

To model the passive cooling features of the AP 1O0O, several assumptions are made in creating the plant decks. The
external cooling water does not completely wet the containment shell, therefore, both wet and dry sections of the
shell are modeled in the WGOTHIC analyses. The analyses use conservative coverage fractions to determine
evaporative cooling.

Heat conduction from the dry to wet section is considered in the analysis. The combination of passive containment
cooling system coverage area and heat conduction from the dry to wet sections is explained in Chapter 7 of
Reference 20. An analysis is also performed for the limiting LOCA event without considering heat conduction from
the dry to wet section. The analyses conservatively assume that the external cooling water is not initiated until 337
seconds into the transient, allowing time to initiate the signal and to fill the headers and weirs and to develop the
flow down the containment side walls. The effects of water flowing down the shell from gravitational forces are
explicitly considered in the analysis.

The containment initial conditions of pressure, temperature, and humidity are provided in Table 6.2.1.1-2.
For the LOCA events, two double-ended guillotine reactor coolant system pipe breaks are analyzed. The breaks are
postulated to occur in either a hot or a cold leg of the reactor coolant system. The hot leg break results in the highest
blowdown peak pressure. The cold leg break results in the higher post-blowdown peak pressure. The cold leg break
analysis includes the long term contribution to containment pressure from the sources of stored energy, such as the
steam generators. The LOCA mass and energy releases described in subsection 6.2.1.3 are used for these
calculations.
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AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open Item Response

For the MSLB event, a representative pipe break spectrum is analyzed. Various break sizes and power levels are
analyzed with the WGOTHIC code. The MSLB mass and energy releases described in subsection 6.2.1.4 are used
for these calculations.

The results of the LOCA and MSLB postulated accidents are provided in Table 6.2.1. 1-1. A comparison of the
containment integrity acceptance criteria to General Design Criteria is provided in Table 6.2.1.1-3.

The containment pressure response for the peak pressure steam line break case is provided in Figure 6.2.1. 1-1 . The
containment temperature response for the peak temperature steam line break case is provided in Figure 6.2.1.1-2.

The passive internal containment heat sink data used in the WGOTHIC analyses is presented in Reference 20,
Section 13. Data for both metallic and concrete heat sinks are presented. The containment pressure and temperature
responses to a double-ended cold leg guillotine are presented in Figures 6.2.1.1-5 and 6.2.1.1-6 for the 24 hour
portion of the transient and Figures 6.2.1.1-7 and 6.2.1.1-8 for the 72 hour transient. A separate analysis for the
double-ended cold leg guillotine LOCA event, without considering heat conduction from the dry to wet section,
results in somewhat higher containment pressure in the long term but still below 50 percent of design pressure at 24
hours. This separate analysis confirms the assumption in Section 15.6.5.3.3 of reducing the containment leakage to
half its design value at 24 hours. The containment pressure and temperature response to a double-ended hot leg
guillotine break are presented in Figures 6.2.1.1-9 and 6.2.1. 1-10. The physical properties of the materials
corresponding to the heat sink information are presented in Table 6.2.1.1-8.

The instrumentation provided inside containment to monitor and record the containment pressure and temperature is
found in Section 7.5.

PRA Revision:

None
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AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open Item Response

DSER Open Item Number: ACRS ISSUE 6 Revision 1

Original RAI Number(s): None

Summary of Issue:

Organic Iodine Production: The acidification of containment water as a result of radiolysis of
organic material could give rise to significant airborne fission product iodine in gaseous organic
form. We need to review how Westinghouse and the staff have dealt with this potential

Westinghouse Response:

Our understanding of the concern is that the water film on the inside of the containment might
become acidic due to the pickup of HN03 and HCQ which would result in the production of
elemental iodine from the cesium iodine in solution. HN03 may be produced in the water film
during its drain time. HCQ may be produced from the radiolytic decomposition of the HYPALON
jackets on electrical cables in containment.

In actuality the water film is expected to be neutral or basic because of the following:

1. A representative AP1 000 core melt sequence was selected, i.e. 3BE-1, which is a DVI
LOCA with failure of more than one ADS stage 4 path. The condensate film thickness
and velocity were obtained from the MAAP4 analysis of this sequence and were used to
calculate the water film drain time. From the top of cylindrical shell section (>33 meter
height) the drain time was determined to vary from about 1 minute at 1 hour to about 2.5
minutes at 10 hours. Note that some water will drain from higher up on the dome and
some from lower on the shell. It is only during this limited time frame that acids (HNO3
and HCV) can be introduced into the water film. It is important to emphasize that the PCS
feature results in the continuous generation of 'clean' steam that condenses on the dome
and shell and transports the deposited fission products to the water pool in the bottom of
the containment. The dome and shell are coated with inorganic zinc not an organic paint.
Thus, the coatings on these surfaces would not provide a source of organic material for
the generation of organic iodine.

2. Csl and CsOH are released to the containment atmosphere from the reactor as the core
melts. Both CsOH and Csl are deposited on the water film on the containment shell. The
deposition rate is related to the rate of steam condensation on the containment shell.
Both CsOH and CsI are highly soluble chemicals and are rapidly taken up by the water
film draining down the shell.

3. The CsOH is a strong base that tends to counteract the acidification of the film by HN03
and HCQ.

4. The rate of mass transfer of deposited CsOH and Csl into the draining film is quite high.
Once deposited on the water film, they quickly drain into the lower containment volumes.
Once the release for fission products from the RCS is over, the process of depositing
fission products on the water film slows down and stops. The potential of iodine
re-evolution from the water film is only an issue for the early part of the sequence when
a significant iodide concentration could be produced in the draining water film.
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AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open Item Response

5. The AP1 000 design provides sufficient TSP to the containment water pool to account for
both HNO3 and HCV production. In the long term, the fission products are transported to
the containment water pool.

6. Once the fission products are transported to the containment water pool, they will remain
there since there is no containment recirculation spray capability and because the
process of creating steam (either inside or outside the reactor vessel) will not re-
introduce fission products or other chemical species into the containment atmosphere.

As a result, the pH of the containment water film would not be sufficiently acidic while there is
iodine present in the film and iodine in the film would not re-evolve as elemental iodine.

The draining film's pH is determined by the potential amount of acidification that could occur
during its limited residence time. The amounts of CsOH (a strong base), HNO3, and HCQ (both
strong acids) are estimated to assess the film's pH value. Nitric acid production by radiolysis
based on radiation absorption by water can be estimated from a radiation G value (0.007
molecules/1 00 ev). This radiation G-value corresponds to 7.3E-6 gr-mol HNO3/(L-M rad) (NRC,
1992). The radiation absorbed by the water film is expressed in Megarad (Mrad). The AP1 000
dose and dose rates for beta and gamma radiation inside containment for LOCA accidents are
provided in the attached figures (Westinghouse, 2004) and are based on the source term as
described in NUREG-1465 (NRC, 1995) and Regulatory Guide 1.183 (NRC, 2000). The gap
and in-vessel fission product releases are completed by two hours and the maximum dose rates
in containment occur at this time. The sum of the beta and gamma dose rates at 2 hours is
7.3E6 rad/hour. The film residence time on the containment shell for the corresponding
condensation rate of approximately 7.8 kg/sec is estimated to be 105 seconds. Thus, the
integrated dose delivered to the draining film for this residence time is calculated to be 0.22
Mrad. Based on the above G value for nitric acid generation, 1 .6E-6 gr-mole HNO3 will be
produced per liter of film. The resulting hydronium ion concentration of 1.6E-6 gr-mole/l would
correspond to a pH value of 5.8, which is weakly acidic.

A second potential source of acid generation in containment would be the radiolytic
decomposition of the jacket material (HYPALON) on electric cables. In the presence of a
radiation field this material evolves hydrochloric acid (HCQ) as a gas. Based on a G value of 2.1
molecules HCQ/1 00 ev of absorbed radiation the amount of HCV produced by the irradiation of
electrical cable is estimated as 4.6E-4 gr-mole of HCV per pound of insulation per Mrad (NRC,
1992). The amount of HYPALON material in the AP1000 containment is estimated to be 30,000
pounds. The total (beta plus gamma) integrated dose in containment at 2 hours is found to be
10 Mrad from the attached dose figures. This integrated dose would cause 138 gr-mole of HCQ
gas to be evolved from the cables. The total integrated beta and gamma doses are used in this
bounding response to calculate the amount of HCQ produced by the radiolytic decomposition of
the HYPALON jacket material on the electrical cable within containment. The use of the total
integrated beta dose is conservative since the beta radiation only has a limited ability to
penetrate thick insulation jackets, stacks of cables in a cable tray, or the covers used on cable
trays. Furthermore, the center of the containment was used as the dose point to quantify the
integrated doses. Thus, radiation from all sides of that point is incorporated in the integrated
doses in the attached figures. However, only the cable jacket material with FP directly
deposited on it is of interest. All the jacket surface area is not exposed to direct FP deposition.
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AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open Item Response

This would reduce the dose delivered to the jacket material inventory by approximately one
quarter.

The HCV gas would escape into the containment from the outer surfaces of the cable bundles in
uncovered trays and into the spaces between the cables stacked in the cable trays. Covers on
cable trays would further inhibit the release of the evolved HCQ to the containment gas space.
The amount of HCQ that resides in the containment free volume will mix with the air and steam.
The mass fraction of HCV in the containment gas space could be estimated by assuming
homogeneous mixing. As steam is condensed on the containment shell, the concentration of
HCP mixed with the steam and air could be transported to the containment shell and some
portion of the HCQ could dissolve into the draining condensate film. Thus, the HCP evolved from
the cables would be partitioned between the cable bundles and trays, the containment free
volume, and the draining film. In this assessment it is very conservatively assumed that HCk is
delivered to the draining film at the same average rate that it evolves. This overpredicts the HCV
delivery rate by one or two orders of magnitude. The bounding average evolution rate for HCk
is estimated to be 1.92E-2 gr-mole HCQ/sec based on 138 gr-mole of HCU being evolved over a
two hour period. For the 105 second film residence time, 2.02 gr-mole of HCU could be
deposited in the film at this delivery rate. Based on the 7.8 kg/sec condensation rate and the
AP1000 containment shell dimensions (33.2 m height and 4134 m2 area), the film thickness is
estimated to be 210 microns and its volume 860 liters. Thus, the concentration of HCQ in the
draining film is approximately 2.3E-3 gr-mole HCV per liter. In combination with the estimated
HNO3 generation this could yield a hydronium ion concentration of 2.301 E-3 gr-moles H+ per
liter that corresponds to a pH value of 2.6. Such a pH value would be sufficiently low to result in
the re-evolution of elemental iodine given iodide was simultaneously present in the draining film.

The amount of hydroxyl ion, [OH-], and iodide ion, [I-], in the draining film can be estimated by
assessing the mass transfer rates for the CsOH and CsI deposited on the containment shell.
These two chemical species are highly soluble in water and are readily dissolved by the draining
condensate film. The solubility limits from the Handbook of Chemistry and Physics (47th
Edition) are 395.5 gr of CsOH and 160 gr of Csl per 100 cubic centimeters of water.

Significant amounts of these chemical species are released from the reactor coolant system into
the containment. Per the source term definition, 40% of the core halogens (i, Br) and 30% of
the core alkali metals (Cs, Rb) are released as aerosols that can simultaneously deposit on the
containment surface. The mass transfer coefficient for CsOH and Csl has been estimated to be
approximately 5.6E-3 kg/m2-sec for the containment conditions and condensation rate at 2
hours in this accident sequence. Considering a mass fraction at the interface between the film
and deposit that equals each specie's solubility limit and the shell surface area, their mass
transfer rates can be calculated. The transfer rates are found to be 4.75 kg/sec for CsOH and
3.7 kg/sec for Csl. Thus, for a 105 sec residence time large amounts of these species could be
dissolved, i.e., 3.33E3 gr-mole of CsOH and 1.5E3 gr-mole Csl, given the availability of such
quantities of these chemical species. If the mass transfer coefficient rate was assumed to be
much smaller to check the sensitivity of these results, i.e. 10-4 kg/m2-sec, the mass transfer
rates would be reduced by more than an order of magnitude. They would become 0.33 kg/sec
for CsOH and 0.24 kg/sec for Csl. This could lead to 2.31 E2 gr-mole of CsOH and 0.97E2 gr-
mole of CsI being simultaneously dissolved in the estimated film volume of 860 liter again
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AP1000 DESIGN CERTIFICATION REVIEW

Draft Safety Evaluation Report Open Item Response

assuming sufficient inventories of these chemicals are available. The corresponding film
concentrations would become 0.27 gr-mole/l for CsOH and 0.11 gr-mole/l for Csi. This much
OH- in solution would completely neutralize the film's acidification and result in a pH value of
13.4 which is strongly basic. In fact only approximately 2 gr-mole of OH- in solution in the
draining film would neutralize it based on the conservative estimate of HCV deposition. Given
that CsOH aerosol is expected to be deposited simultaneously with the Csl aerosol, it is also
expected that the draining film will not likely become acidic for those intervals that CsI is
present.
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Draft Safety Evaluation Report Open Item Response

Design Control Document (DCD) Revision:

None

PRA Revision:

None
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