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APPENDIX A

STAFF RESPONSES TO QUESTIONS RAISED BY THE
ATOMIC SAFETY AND LICENSING BOARD,
AT PREHEARING CONFERENCE
AND HEARING

811090371 691229'
PDR ADOCK 05000286
PDR
G

~

QUESTIONS 1 & 2

Tr. 70, line 5

-71,

-

METEOROLOGY

line 17.

Two years of meteorological data were collected by the applicant at the
Indian Point site (from 1955-1957).
presented in the application.

The results of this two-year program are

These results, however, include no quantita

tive data on the joint probability of persistent winds with stability and wind
speed.

We understand that the raw data taken at the site had been destroyed.

and that the joint probability data cannot be provided.

We believe that this

data is needed to justify a relaxation in the long-term meteorological model
which we used in our evaluation.

The main point at issue between the appli

cant and the AEC staff is whether inversion conditions, 1 in/sec and invariate
wind direction should be applied for two or eight hours.

The meteorological,

assumptions during first eight hours after the design basis accident (DBA) are
extremely important because with fairly rapid iodine removal by reagent sprays
and filters, approximately 85% of the total postulated accident dose occurs
during this time period.

Our meteorological model results in duration-of

accident doses at the outer boundary of the low population zone which are
higher by approximately 40% than would be obtained using the applicant' s
meteorological model.
The meteorological model used for our review of. Indian Point Unit 2.
differs from that which we have assumed for Unit 3 because in the interim
period we have codified basic meteorological assumptions to be used in the
absence of applicable site related meteorological data.

QUESTION 3 - DOSE REDUCTION FACTORS

Tr. 72,

line 8 - 74, line 9.

The dose reduction factors

(DRF) started in the Preliminary Safety
We

Analyses Report (PSAR) are regarded as performance targets by the staff.
consider the inclusion of engineered safety systems to be commitments.

For

example, the DRF quoted in the PSAR for the safety injection system (SIS) is
This assumes that the SIS can limit the airborne iodine released

8.35.

following a loss-of-coolant accident to 3% of the core inventory.
no credit for the SIS in evaluating offsite doses.

We assume

Thus, while we regard

the prevention of clad melting a commitment, we regard the limitation on
iodine release a performance target and have set no criterion in this regard.
Similarly, the dose reduction factor stated for the isolation valve seal
water system alone assumes

(1) the system is operable within one minute, and

(2) the containment leaks only through the lines provided with isolation seal
water.

We regard inclusion of the isolation valve seal water system as a

commitment, but regard the amount of dose reduction achieved as a performance
objective.
We have evaluated the spray system and have determined that dose reduc
tion factors of 5.2 and 8.8 can be attained for the two-hour dose at the site
boundary and the 30-day dose at the outer boundary of the low population zone
for the duration of the accident, respectively.

The overall DRFs for spray

and filters in combination will be determined following completion of the filter
Research and Development program.

QUESION 3

With the AEC staff assumptions, iodine dose reduction factors of
approximately 4.7,and 11:2 are needed to .eet.the 10CFR 100 doseguidelIne:
levels for the two-hour dose at the minimum exclusion zone radius and the
course of the accident dbse at the outer boundary of the low population zone,
.respectively.

QUESTIONS 4 & 5 - IODINE SCRUBBING SYSTEM

Tr. 75, line 4

-

76, line 16.

It is the viewpoint of the staff that no new or additional information has
been developed since the Zion public hearing which specifically requires a
re-evaluation of the mass transfer coefficients and partition factors as related
to the calculation of the iodine removal effectiveness of the chemical
additive spray system.

Experimental results

(ORNL Bimonthly Reports - Nuclear

Safety Program - 1968) continue to indicate that the absorption of iodine is
gas film controlled and that liquid film resistanceis negligible.
The model used by the staff for the evaluation of chemical additive
spray systems containing sodium hydroxide continues to be that based on the
model by Griffiths (U. K. AEA, Report AHSB(5) R45-1963 with a mass transfer
coefficient limited by liquid film resistance.

The partition factor for the

alkaline solution is calculated according to Eggleton (AERE-R-4887) for the
minimum anticipated value of 9.0 and the maximum containment air temperature
of 135-C (275-F).
The staff stated at the Zion public hearing that the research and
development (R&D) programs on spray systems may be separated into two parts:
a.

That required to prove the safety and compatibility of spray
solutions with reactor component materials;

b.

That required if the applicant desires credit for an elemental
iodine reduction factor greater than that granted on the basis
of the present conservative staff model.

QUESTIONS 4 & 5

The staff believes that the R&D program relating to the iodine removal
capability of the containment spray system proposed by the applicant is adequate
to demonstrate the objectives.

The safety related problems to be resolved

include a determination of the materials compatibility of the alkaline spray
solution and an assessment of the potential for hydrogen generation by
corrosion and/or radiolysis.

Both programs are in advanced stages of com

pletion and preliminary results indicate that all safety related problems can
be satisfactorily resolved.
The R&D program relating to the drop size spectrum, drop coalescence, and
to the possible effect of liquid phase mass transfer resistance is not in
itself sufficient to resolve present uncertainties, insofar as it relies
heavily on experimental data from other laboratories.
The iodine reduction factors calculated on the basis of the conservative
model adopted by the Division of Reactor Licensing are sufficient to meet
the guidelines of 10 CFR l0b fqr'he site boundary 2-hour"dose.

The reduction

factors rapidly approach the limiting value imposed by the assumed maximum
concentration of an unremovable component for the low population zone (30-day)
-condition.

Therefore, the justification of the calculational model for the

larger iodine removal factors based on the absence of liquid film resistance,
etc.,

is not required by the staff for this application.

QUESTION 6

Tr. 75, line 6.

-

IODINE SCRUBBING SYSTEM (APPLICANT)

QUESTION 7

Tr. 77, line 21

-78,

-CONTAINMENT

SPRAY SYSTEM

line 23.

This question is answered on pp. 763-766 of the transcript.

QUESTION 8
Tr. 80, line 3

-

-

CHARCOAL ADSORBER SYSTEM

82, line 3.

a. Air leaving the fan coolers will be at 100% relative humidity.
Action of the fans in creating turbulence plus presence of submicron size
particles prior to the HEPA filters should effectively preclude super
saturation.

Entrained droplets penetrating both the demisters and the HEPA

filters are considered in the applicant's analysis.
b. No data are available for the performance of charcoal adsorbers at
relative humidity greater than 100 percent.

However, for the much more

severe case of intergranular water condensation (water logging) in some of
the ORNL tests a limited ability to remove organic iodine was retained.
c.

In order to evaluate the performance capability of charcoal adsorbers

for organic iodides, information is required on the retention characteristics
under the most severe post-accident conditions.

This includes testing of

the charcoal at maximum expected elemental iodine and moisture loading,
maximum flow conditions, and maximum expected organic iodide concentration
at the maximum temperature, pressure, and humidity relations possible.
d.

The removal mechanisms for elemental iodine and for organic iodides

by charcoal adsorbers are completely different.

Elemental iodine is

adsorbed on active trapping sites and held by physical forces.

The organic

iodides are not adsorbed, but the radioactive iodine atoms are exchanged
with the atoms of stable iodine of the impregnant.

The impregnated charcoals

offer a large number of nonradioactive iodine atoms for such exchange.

QUESTION 8

e.

No problems have been reported pertaining to the preloading of

impregnated charcoals.

The effectiveness for removal of elemental iodine is

retained, the ultimate iodine capacity is not affected, and the ignition
temperatures are not changed appreciably.
Tests are currently in progress at ORNL to define the deterioration
of impregnated charcoals (Ackley and Adams:

"Aging and Weathering of Impregnated

Charcoals used for Trapping Radioiodine," presented at the Tenth USAEC Air
Cleaning Conference, New York, 1968).

Experiments are being made to determine

the methyl iodide retention characteristics for charcoal in standby and under
flow conditions.

Under clean standby conditions virtually no loss in effective

ness occurred in one year.

The program is continuing and is designed to pro

duce sufficient information to permit prediction of useful performance limits.
for impregnated charcoal adsorbers.
A surveillance program to determine the quality of the charcoal in
the filters will also be conducted.
f.

As long as air flow is maintained, no problems involving either

iodine desorption or charcoal ignition exist.

At maximum iodine loading

(TID-14844 release distributed over all filters) and design air flow, the
maximum expected temperature rise due to decay heat would be less than 20*F;
at 1/10 design air flow, the temperature rise would be less than 80*C.
Removal of a major portion of the iodine by the spray system decreases the
heat load on the filters, and considerably smaller temperature increases than
the above are anticipated.

Charcoal ignition temperatures have been

experimentally investigated at flow rates from 4 to 70 fpm.
change was observed over this wide range (ORNL-4228, p. 167).

No significant

,QU2STT0N 8
g. The staff analysis assumed removal of elemental iodine only by the
spray system.

Inclusion of filter removal factor would enhance iodine

removal time.
h.

The design purpose of the charcoal adsorbers is solely to remove

organic iodides.
i.

The sizing of the charcoal adsorbers is such that it is capable of

removing and holding all of the iodines which could be airborne in the
containment due to the occurrence of a TID-14844 type accident, even though
the filters are installed specifically for organic iodine removal.

We have

calculated the dose that would result if the containment sprays were not
removing any iodine.

With all of the five recirculation charcoal systems

in operation, the resulting two-hour dose at the minimum exclusion area
boundary and the course of the accident dose at the outer boundary of the
low population zone exceed 10 CFR Part 100 guideline doses.
J.

Simultaneous operation of the spray system and the charcoal adsorbers

would give a somewhat greater removal rate for elemental iodine than that
calculated for the spray system alone.

In addition, the charcoal adsorbers

would serve the design purpose of organic iodide removal.
k.

The minimum requirement that the charcoal adsorbers be capable of

removing 5% of the residual organic iodide fraction in the containment is
based on operation of both systems at design parameters, with the assumption
that 10% of the iodine initially available for leakage is in the form of
organic iodides.
1.

For the chemical additive spray system, the construction adequacy of

thepiping system and nozzles could be tested with compressed air.

Flow

'QUE§TION 8

characteristics and pressure drop measurements would give adequate assurance
of system performance.
The chemical additive storage tanks are accessible to servicing,
and periodic testing of the reagent to determine storage deterioration and/or
loss of iodine capacity will be required.

The frequency of system testing

and of reagent sampling have not yet been determined.
m. The filter systems (demisters, HEPA's, and charcoal adsorbers) will,
be tested for performance characteristics prior to installation.

Leakage and

penetration (bypass flow) testing of the installed system can be done by a
variety of methods, the most common of which uses Freon-112.

Iodine removal

capability for the standby system can be done either by removal and testing
of several units at random at specified intervals or by the provision of,
special sampling packs within the unit.

No definite testing time schedule

has been established, but a minimum annual review is expected.

QUESTION 9
Tr. 82, lines 4

-HEAT

REMOVAL

-5.

The functional capability of the containment spray system will be checked
by circulating spray water through the piping system while bypassing spray
nozzles.

The frequency of this test will be established in the Te chnical

Specifications.

The air handling system will remove heat from the containment

under normal operating conditions and thus is continuously tested.

Elements

of the heat removal systems will be tested at frequencies established in the
Technical Specifications (e.g., flow-rates through the coolers, pump and fan
characteristics, valve and damper operability, etc.).

The heat removal

capability of the spray and fan coolers will not be checked, per se.

QUESTION 10

Tr. 82,

lines 6

-

-

CHARCOAL FILTERS

18.

If the charcoal adsorbers fail temporarily due to flooding and then
recover at least a portion of their organic iodide removal effectiveness,
the required iodine reduction factor for the 30-day dose could be attained.
Only in the unlikely event that flooding should occur very early during the
post-accident phase and be irreversible would the required reduction factor
not be attained.

The research and development proposed for charcoal adsorber

efficiency (to be carried out at ORNL) includes work to test recovery from
flooding, and if this should appear to be a problem, the system could be
designed to positively eliminate it.
The containment environmental conditions will be simulated with respect
to temperature, pressure, steam flow, etc.,
adsorbers.

for the testing of the charcoal

HEPA filters have previously been tested separately for their

particulate removal capability and found to be effective.

0C

QUESTION 11

Tr. 82, line 19

-

-

HYDROGEN RECOMBINER

83, line 13.

The recombiner consists of a blower, a flame combustor, and a dilution
chamber.

Hydrogen fuel addition is controlled to maintain combustor

temperature between 1500

and 1600*F to ensure complete combustion.

Suffi

cient diluent air is provided to reduce exhaust air from the unit to less
than 300*F.

The unit is designed to process 331 scfm.

With a hydrogen con

centration in the containment of 2%, the combustor will consume 6.6 scfm of
hydrogen.

The hydrogen production rate at this time is 1.74 scfm.

Thus,

ample margin is provided.
A test program has been established to define limits on performance and
to proof test.

These include:

1.

Operation at design conditions.

2.

Ignition with fuel addition rate varied to vary combustor outlet
temperature from 3000 to 1800 0 F.

3.

Starting with air, the oxygen contest will be lowered to determine
the limiting 02 concentration for flame stability.

4.

Outlet hydrogen will be measured when operating at design con
ditions to determine efficiency of combustion.

5.

6.

Stability limits will be established for the following:
a.

Pilot ignition with variable air flow.

b.

Main burner ignition with variable air flow.

c.

Flame stability with rapidly varying fuel flow.

The effect of steam and/or entrained water on flame stability and

ignition will be established.

QUESTION 11

Beyond this, we believe it is necessary to determine performance limits
of the recombiner including limits on pressure, moisture and hydrogen concen
tration as stated in Section 4.5 of the Safety Evaluation.
In addition, the applicant will investigate alternate means of recombi
nation including catalytic recombiners, cryogenic separation, chemical absorp
tion, and processing of the containment gases external to the containment.
The recombiners will be similar to those being installed in Rochester Gas
and Electric Company's Robert E. Ginna plant and Indiana Gas and Electric
Company's D. C. Cook plant.

They will differ from the catalytic recombiners

found in some test reactors or waste disposal systems.
those normally associated with chemical plants.

They also differ from

The recombiners for Unit No. 3

operate by supplying containment air to the combustor.

The oxygen in this

air supports oxidation of the hydrogen added at this point.

The heat generated

by this combustion causes the hydrogen in the air supply to also recombine.
The air exiting the combustion chamber is mixed with diluent air to reduce
the temperature prior to e haust to the containment atmosphere.
Burner performance will be monitored by thermocouples and alarms will
sound on low combustor temperature, loss of blower pressure, and low hydrogen
or oxygen manifold pressure.

If the flame were extinguished and the addition

were not terminated, it would require 13.1 hours to increase the concentration
of hydrogen from 2 to 4%.

Thus, adequate time is available to ascertain the

flame is extinguished and either terminate hydrogen release or re-light the
recombiner.

'QUESTION 11

Batch samples will be drawn from the containment atmosphere and analyzed
using chromatographic means.

The containment air recirculation system will

insure a high degree of mixing and prevent stratification.
The recombiner will not be operated until an estimated 9.8 days after
the accident.

By this time,, the spray can be discontinued.

Spray will

impinge on the exterior surfaces of the unit while the spray is in operation.
As design progresses, we will ensure that corrosion by the spray solution is
considered.

J

QUESTION 12 - CONTAINMENT LEAKAGE RATE

Tr. 83, line 14 - 84, line 3.
In our evaluation of the radiological consequences of the Design
Basis
Accident, we have assumed the containment leaks at a rate
of 0.1%/day for the first
24 hours and 0.045%/day thereafter.
as to the maximum leakage rate.

The 0.1%/day specification is a commitment

The 0.045%/day value is calculated assuming a

final containment pressure of 3 psig and orifice flow.

Testing will be accomplished

by an integrated containment leakage rate test at design pressure
using the
reference volume technique.

Testing will also be performed at pressures less than

the containment design pressure to determine the conservatism
of the leakage rate
assumed at the reduced pressure.

Periodic testing requirements will be developed

during the operating license review.
The applicant and the staff are consistent in the leakage
rates assumed.
The applicant has also presented estimates taking credit for
the penetration
seal water system and the isolation valve seal water system.
assumed may differ from those of other facilities.

The leakage rates

This is a function of the

designed leak tightness of the respective containment structures.

OUESTION 13 - REOUEST TO APPLICANT FOR DOCUMENTS

Tr. 84 -

85.

QUESTION 14

Tr-. 85, line 5

-

-

HYDROGEN RECOMBINER

85, line 22.

The staff agrees with the applicant's response on p. 12-1 of the Second
Summary to Summary of Application (Applicant's Exhibit No. 3).

In addition,

we wish to add that alternate recombination methods include catalytic recom
bination, cryogenic separation, chemical absorption, and processing the con
tainment gases outside containment.

These were tentatively rejected because

of complexity, unreliability, poisoning potential, need for greater
additional research and development, and space requirements.

As identified

on p. 41 of the staff's Safety Evaluation, the applicant will further investi
gate these areas.

QUESTION 15

Tr. 85, line 24

-

-

PRESSURIZED WELD CHANNELS

86, line 6.

The pressurized weld channels will be tested prior to operation.

They

will be continuously pressurized at 50 psig with dry air during operation.
Thus, they are continuously tested.

Sensitive periodic tests may be required

at the operating license review stage.

QUESTION 16

Tr. 86, lines 7

-

-PROTECTION

OF CABLES AND SAFETY EQUIPMENT

15.

As discussed on p. 19 of the staff's Safety Evaluation, sections of
both power and instrument cables for engineered safety feature equipment
will be tested at post-accident environment conditions.

The testing pro

gram to be conducted in this area is also outlined in the applicant's
response to question 6(i) in the Seventh Supplement.

QUESTION 17

Tr. 86, line 7.

-RADIOACTIVITY

IN HUDSON (APPLICANT)

QUESTION 18

Tr. 86, line 22

-88,

-RESEARCH

AND DEVELOPMENT PROGRAM

line 22.

We agree with the answer by the applicant on pp. 13-1 to 13-78 of the
Second Supplement to Summary of Application (Applicant's Exhibit No. 3).

QUESTION 19
Tr. 89, line 2

-

-

PRESSURE VESSEL RESEARCHCOMMITTEE

89, line 11.

The Pressure Vessel Research Committee (PVRC) is a Committee organized'
by the Welding Research Council which is the welding research arm of the
American Welding Society, the ASME Boiler Code Committee, the American Iron
and Steel Institute, the Aperican Petroleum Institute, the American Gas
Association, the Resistance Welder Manufacturers' Association, the Edison
Electric Institute and the American Institute of Steel Construction.

In

addition, the Welding Research Council acts in an advisory capacity on
some of the welding research problems of the Public Utility Industry, the
Aerospace Industry and the Atomic Energy Commission.

S

I

QUESTION 20 -,SODIUM

Tr. 89, line 16

-

HYDROXIDE SPRAYS

89, line 24.

Redundant pumps and valves are used to divert approximately 10% of the
discharge from the spray pumps through the NaOH tank.

This liquid mixes

with the contents of the tank, is discharged, and then mixes with, the water
entering the suction of the pump.

The design is such that no single failure

of a pump or valve can disable the ability to supply NaOH to the spray nozzles.

QUESTION 21
Tr. 91, line 4

-

-

DATA CONCERNING RESEARCH AND DEVELOPMENT

92, line 9.

The research and development program on the reactor vessel thermal shock
analysis is described on pp. 13-76 to 13-78 of the applicant's Second Supple
ment to Summary of Application and on p. 55 of the staff Safety Evaluation.
In the analysis of the thermal shock experienced by the vessel during safety
injection following a loss-of-coolant accident, there are some uncertainties
in the analytical method regarding properties of the steel after several
years of neutron irradiation.

These uncertainties are the subject of the

research and development program.

As discussed on pp. 30-33 of the staff

Safety Evaluation, provisions will be made in the design and layout of Unit
No. 3 to enable installation of equipment to mitigate the consequences of a
post-loss-of-coolant accident reactor vessel failure, if further analysis of
the thermal shock experienced by the vessel during safety injection indicates
that such protection should be required.

Even though definitive information

on material properties will not be available until after Unit 3 starts
operation, this is acceptable because preliminary data indicate that the
cumulative neutron irradiation of the vessel will not change its properties
significantly prior to the time new information is available from the research
and development program.
On this basis, we believe the research and development planned by the
applicant provides reasonable assurance that the question will be satisfactorily
resolved.

The submission by an applicant of data of this type is illustrative

of the information required for any other research and development matters.

QUESTION 22
Tr. 92, line 10

-

-

A SODIUM HYDROXIDE TEST

92, line 25.

Results for the iodine spray removal tests in the CSE facility
at Hanford
during August

-

September 1968 have not yet been published.

Preliminary

results were presented at the ORNL Annual Nuclear Safety Program
Review in
February 1969.

This work involved the removal efficiency of sodium hydroxide

for elemental, organic, and particulate associated iodine
in steam-air
atmospheres at 250*F.

During the initial ten minute spray period, half-lives

of about two minutes were observed for elemental and particulate
associated
iodine with an overall decontamination factor of 10-20.

Later spray periods

showed much longer removal half-lives and smaller decontamination
factors.
The removal of organic iodides was very slow and relatively
insignificant..

QUESTION 23
Tr. 93, lines 2

-POTENTIAL

FLYWHEEL MISSILE

-11.

The main coolant pump flywheels are fabricated from rolled, vacuum
degassed steel plates.

Charpy tests will be made on each plate to ensure

that the nil ductility transition temperature specifications are met.

The

finished flywheels are subjected to 100% volumetric ultrasonic inspection.
The ultrasonic inspections will be repeated at intervals during plant life.
As design ofthe main coolant pump flywheel progress es, we will examine
the material specifications of the flywheel and the acceptance standards
applied as recommended by the Advisory Committee on Reactor Safeguards and
performed in the normal course of review of other applications.

We will

also determine the effectiveness of the quality assurance program as it
applies to the flywheel.

A program of inservice inspection will be

established and overspeed limits on the pump motor will be developed and
incorporated into the technical specifications.

QUESTION 24

Tr. 95, lines 2

-

-

MISSILES

16.

Neither the pump flywheels nor the large components located inside con
tainment are considered potential sources of missiles because of the limits
imposed on design and operation and the quality assurance and inservice
inspection requirements.

The basis for our position is that the design will

be coupled with restrictions on operation below the nil ductility transition
temperature, and requirements for leakage detection, quality assurance,
inservice inspection, seismic design, and irradiation surveillance.

QUESTION 25 - HYDROGEN RECOMBINER

Tr. 95, line 22 - 96, line 11.
As discussed in Section 4.5, p. 40, of the staff's Safety Evaluation, the
applicant has established a testing program to generate the following informa
tion relative to the design and performance of the recombiner:
1.

Operation at design conditions.

2.

Ignition with fuel addition rate varied to vary combustor outlet
temperature from 3000 to 1800 0 F.

3.

Starting with air, the oxygen content will be lowered to determine
the limiting 02 concentration for flame stability.

4.

Outlet hydrogen will be measured when operating at design con
ditions to determine efficiency of combustion.

5.

6.

Stability limits will be established for the following:
a.

Pilot ignition with variable air flow.

b.

Main burner ignition with variable air flow.

c.

Flame stability with rapidly varying fuel flow.

The effect of steam and/or entrained water on flame stability and
ignition will be established.

We have reviewed the R&D program and conclude it will provide sufficient
data to determine if the recombiner proposed is a feasible solution to the
hydrogen problem.

We believe, however, that it is necessary to determine the

performance limits of the recombiner including limits on pressure, moisture,
and hydrogen concentration to demonstrate the margins which exist with respect
to variation in the post-accident conditions.

We also believe R&D should con

tinue on alternate methods of recombining the hydrogen, including catalytic
recombiners, cryogenic separation, chemical absorption, and processing of the
containment gases external to the containment structure.

QUESTION 26

Tr. 96, lines 12

-

-

THERMAL SHOCK

19.

We believe the applicant has adequately responded to this question on
pp. 13-17 and 13-78 of Second Supplement to Summary of Application (appli
cant's Exhibit No. 3).

QUESTION 27
Tr. 96, line 20

-97,

-LISTING

OF GENERAL PROBLEMS

line 7.

The matters identified by the Advisory Committee on Reactor Safeguards'
as requiring careful consideration with regard to all large, water-cooled
power reactors, of high power density are listed below:
1. Primary System Quality Improvement and Inspection
Implement those improvements in quality and fabrication of the primary
system as well as inspection during service life which are practical with.
current technology.
Industry should continue to pursue an orderly program leading to further
improvement in the quality of pressure vessels and other components of the
primary system-such as valves, pumps, and piping.
.Quad-Cities Station, Units 1 and 2, 12/14/66
Browns Ferry Nuclear Power Station, 3/14/67
Vermont Yankee Nuclear Power Station, 6/15/67
Oconee Nuclear Station, Units 1, 2, & 3, 7/11/67
Diablo Canyon Nuclear Plant, 12/20/67
Fort Calhoun Station, Unit No. 1, 2/16/68
2. Thermal Shock to Pressure Vessels
The regulatory staff should review analyses of possible effects upon
pressure vessel integrity, arising from thermal shock induced by ECCS operation.
Oconee Nuclear Station, Units 1, 2, & 3, 7/11/67
Diablo Canyon Nuclear Plant, 12/20/67
Fort-Calhoun Station, Unit No. 1, 2/16/68

9
,QUESTION 27

3. Fuel Failure Effects
Further evidence should be obtained to show that fuel-rod failure in
loss-of-coolant accidents will not affect significantly the ability of the
emergency core cooling system (ECCS) to prevent clad melting.

In both

analytical and experimental safety studies, insufficient attention has been
given to effects produced by distortions from the original fuel geometry.
Information is lacking on the mode of fuel element failure in loss-of
coolant accidents and the importance of such failure.
Additional evidence, both analytical and experimental, is needed to
demonstrate that present analysis of fuel failure (large fractions may be
expected to fail in certain loss-of-coolant accidents, but would not inter
fere with heat removal sufficiently to cause clad melting) is adequately
conservative for power densities and fuel burnups being proposed.
Browns Ferry Nuclear Power Station, 3/14/67
Vermont Yankee Nuclear Power Station, 6/15/67
Oconee Nuclear Station, Units 1, 2, & 3, 7/11/67
Diablo Canyon Nuclear Plant, 12/20/67
Fort Calhoun Station, Unit No. 2, 2/16/68
4. Partial Fuel Melting
The possibility of melting or disintegration of a portion of a fuel
assembly by inlet coolant blockage or other means is considered remote;
however, the resulting effects in terms of fission product release, local
high pressure, and possible initiation of failure of adjacent fuel elements
are not well known.

Information should be developed to show that such

QUESTION 27

an incident will not lead to unacceptable conditions.
Browns Ferry Nuclear Power Station, 3/14/67
Vermont Yankee Nuclear Power Station, 6/15/67
5.

Fuel Transient Capabilities
Tests should be conducted to include heat generation rates in excess of

those calculated for the worst anticipated transient and fuel burnups com
parable to the maximum expected in the reactors.
Further evidence should be obtained concerning the ability of the fuel
to withstand expected transients at the end of its anticipated lifetime.
Browns Ferry Nuclear Power Station, 3/14/67
Vermont Yankee Nuclear Power Station, 6/15/67
Oconee Nuclear Station, Units 1, 2, & 3, 7/11/67
6.

Fuel Element Failure Detection
The development and utilization of instrumentation for more sensitive and

expeditious detection of gross failure of a fuel element should be developed
and utilized.
Diablo Canyon Nuclear Plant, 12/20/67
Fort Calhoun Station, 2/16/68
7.

Separation of Instrumentation and Control
Protection and control instrumentation should be separated to the fullest

extent practicable.
Diablo Canyon Nuclear Plant, 12/20/67

9
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QUESTION 27

8.

Seismic Considerations
Design of a reactor to withstand ground acceleration having a certain

amplitude-frequency relationship is meaningful only if actual seismic motion
of the site is recorded.

Otherwise, in the event of an earthquake, doubt may

arise as to whether or not some vital, possibly inaccessible, component has
been subject to dangerous forces.

The feasibility of providing appropriate

instrumentation for routine use at each power reactor site should be investi
gated.

The installation of a strong-motion accelerograph may be appropriate.
H. B. Robinson Unit No. 2, 2/17/67

9. Blowdown Forces
The effects of blowdown forces on core and other primary system com
ponents should be analyzed more fully as detailed design proceeds.
Oconee Nuclear Station, Units 1, 2, & 3, 7/11/67
Diablo Canyon Nuclear Plant, Unit No. 1, 12/20/67
Fort Calhoun Station, Unit No. 1, 2/16/68.

QUESTION 28
Tr. 98

-

STAFF REVIEW OF APPLICANT'S QUALITY ASSURANCE PROGRAM

99.

The basic responsibility for establishment and implementation of an effec
tive quality assurance program for a licensed facility rests with the licensee.
The licensee's proposed program, as contained in the application, is reviewed
and evaluated by Division of Reactor Licensing during its review of the applica
tion for a construction permit.

This included, for the case of Indian Point 3,

conformance with the substance of the recently published Quality Assurance
Criteria, specifically those used to evaluate the Zion facilities.

The role of the Division of Compliance is to evaluate on a sampling basis
the adequacy of the licensee's performance in accordance-with the commitments
made in the application and the Hearing Record.

If this performance does not

comply with his commitments, which must conform to the basic criteria, Compliance
has the authority to take appropriate steps to require the licensee to comply.

It should be noted that the licensee has broad latitude as to how it will
comply with the criteria.
criterion.

There is no set method for compliance with the basic

Each licensee is treated on a case basis, but is measured by the same

basic standards.

QUESTION 29

Tr. 100

-QUALITY

ASSURANCE

-102.

a.

The licensee's quality assurance program must provide, as an integral

part, sufficient documentation of the program and its results, to enable review
and critical evaluation.

This documentation must embrace the organization of

the program, including personnel and their qualifications;,amplification of the
various subjects delineated in the quality assurance criteria; the procedures
for implementation of the program; work performance procedures for planned or
accomplished work and for inspections to be made by the licensee; and the results
of these inspections.

The documents describing the basic program, and the detailed

procedures and instructions for implementation, must be made available to all per
sonnel involved -inthe program, as pertinent.

The quality assurance documentary

records must show that instructions and inspection records have been reviewed by
competent technical personnel, and that any further actions required, based on
the review, have been accomplished.
With respect to documentation, it is the function of the Division of
Compliance to assure that the records of the implementation of this quality
assurance program are adequate for their purpose and are properly maintained and
reviewed.

This is accomplished by selective sampling of records during inspections.

b. The Division of Compliance records the results of its inspections in
internal reports which are reviewed and evaluated by the regulatory staff.
ppections are conducted on a sampling basis.

In

As construction of the facility

progresses, the major emphasis in construction activities changes.

Therefore, it

QUESTION 29
is absolutely necessary to selectively examine and monitor the detailed im
plementation of the overall quality assurance plan.

This monitoring provides

assurance that the effectiveness of the overall plan is maintained as the
emphasis of construction activity onsite changes from civil-structural works to
equipment and piping installation, to electrical installation, and to equipment
and system checkout and testing.

As this sequence develops, not only the types

of activity, but also the personnel involved, change.

Compliance must be alert

that there is no deterioration of the detailed implementation of the licensee's
overall quality assurance program.

In addition to periodic sampling and monitor

ing of the detailed results of the quality assurance efforts, a periodic reevalu
ation is made of the total program to date.

If this evaluation discloses any;.

evidence of deficiency in the licensee's program as described in the application,
appropriate action is initiated by Compliance,.
Compliance places particular emphasis on assuring that as each new
phase of construction is initiated, the purpose and intent of the quality assurance
program is maintained,

Compliance periodically and selectively samples the results

of the program in each area as it progresses.

Each inspection report is carefully

reviewed by Compliance field supervision in each Regional Office and by the
Division of Compliance Headquarters personnel.

Copies of each report are trans

mitted to cognizant personnel in the Division of Reactor Licensing.

The reviews

are both technical, for evaluation of problem areas, and administrative, for
adequacy and scope of inspection and reporting.
In areas where the construction of the facility and the quality assurance
program are found to be in accordance with the application, the effectiveness of
the system and its conformance with the application is duly recorded in internal

I
QUESTION 29

inspection reports.

In problem areas that differ in a measurable way from

commitments, the reports detail the nature of the problem,. its effects, and
the remedial action proposed by the licensee.
Such instances are evaluated carefully until it can be determined that
acceptable solutions have been effected.

Compliance has the authority to require'

specific licensee action if continuing problems are experienced.
c.

No forms, as such, are maintained by the staff for evaluating an appli

cant'Ss quality assurance program.

As noted above, all of the staff's findings

are incorporated into inspection reports which narratively describe the inspec
tor's findings.

Because applicants' quality assurance programs do not always

in
follow the same format, use of a standard form by the staff would tend to be
efficient and undesirably restrictive.

QUESTIONS 30 & 31 - QUALITY ASSURANCE

Tr.

102 - 103.

The "Elements of an Acceptable Quality Assurance Program" developed
during our review of the Commonwealth Edison Zion application were used as
a basis for our review of Indian Point Unit 3. These elements are listed
below.
1. Planning
The applicant-licensee should plan and establish, document, and imple
ment a rigorous quality assurance program for each phase or activity affect
ing quality.

This program plan should describe the methods and procedures

to be employed to ensure the adequacy of and compliance with the applicable,
codes, standards, criteria, and requirements in order to provide confidence,'
that the materials, components, and systems of a nuclear power plant important
to safety perform as required.
2. Organization
The applicant-licensee should assure that the authority and responsibility
of persons and organizations performing quality assurance functions are clearly
established and delineated in writing and that they have sufficient organiza
tional freedom to identify problems affecting quality and to ensure that
solutions are provided.
3.' Work Instructions
The applicant-licensee should assure that all work affecting quality is
prescribed by documented instructions.

'QUESTIONS 30 & 31

4. Control of Instructions, Procedures, Specifications, and Drawings
The applicant-licensee should establish a system to assure that instruc
tions, procedures, specifications, and drawings are complete and current and
are readily available at the job site.
5. Design Review
An independent, comprehensive, documented assessment of the adequacy of
design should be accomplished for major components and systems important to
safety to assure compliance with criteria, codes, standards, and requirements.
6. Purchase Specification Review
The applicant-licensee should assure that all applicable criteria codes,
standards, and requirements which are necessary to assure adequate quality
levels and conformance to design characteristics are properly included or
referenced in specifications for the procurement of materials, equipment
and services.
7. Control of Purchased Material, Equipment, and Services
The applicant-licensee should assure that all purchased material, equip
ment, and services conform to the requirements of purchase specifications.
8.

Control and Identification of Materials
The applicant-licensee should establish a system to assure that control

and identification of materials are maintained throughout all operations con
sistent with the intended use of the material.
9.

In-Process and Final Inspection
The applicant-licensee should provide a system for planned, documented

in-process and final inspection at appropriate stages of fabrication,

QUESTIONS 30 & 31

construction, installation, and test in accordance with documented instruc
tions.

10.

Calibration of Meaqurement and Test Equipment
The applicant-licensee should assure that tools, gauges, and other

measuring and testing devices are calibrated in accordance with recognized
standards and procedures.
11.

Handling, Storage, Shipping, and Preservation
The applicant-licensee should assure that a system is established to

provide and use adequate work and inspection instructions for handling,
storage, shipping, and preservation of materials and equipment to prevent
damage or deterioration.
12.

Nonconforming Material
The applicant-licensee should establish a system for the control of

material, parts, components, and workmanship which do not conform to criteria,
codes, standards, and requirements.
13.

Corrective Action
The applicant-licensee should assure that conditions adverse to quality

are detected and reported, the cause of each condition is determined and
corrective action is taken to preclude recurrence.
14.

Quality Control Records
The applicant-licensee should assure that complete and reliable records

are maintained sufficient to furnish documentary evidence of product quality.
15.

Audits
The applicant-licensee should establish a system of audits to assure com

pliance with all aspects of the quality assurance program and to determine the
effectiveness of the program.

QUESTION 32 - STATUS OF AEC QUALITY ASSURANCE CRITERIA

Tr. 102

-

104.

The Atomic Energy Commission has approved the publication for comment of
a proposed amendment to 10 CFR Part 50 of "Quality Assurance Criteria for
Nuclear Power Plants."

The proposed amendment was published in the Federal

Register on April 17, 1969 (34 F.R. 6599).

The Commission noted that the

development of these proposed criteria has taken into account cooperative
Atomic Energy Commission-industry efforts and quality assurance requirements,
the experience accumulated in design, constructing, and operating licensed
nuclear power plants and Commission owned reactors, and the quality assurance
programs required for work under the cognizance of the Department of Defense
and the National Aeronautics and Space Administration.

These criteria are

now being used to evaluate the adequacy of an applicant's quality assurance
program and have replaced prior versions, such as that used in the Zion case.

RADIOACTIVE EFFLUENT DISCHARGE

QUESTION 33--

Tr. 104, line 15

-

105, line 9.

The staff agrees with the applicant's response on p. 15-1 to 16-1 of
the Second Supplement to Supplement of Application (Applicant's Exhibit
No. 3).

QUESTION 34

Tr. 105, lines 13

-A

TEST ON DIFFUSION OF RADIOACTIVITY

-22.

The work being done at Hanford and discussed in the AEC

newsfeature

"Puff, The Magic Guillotine," relates to the diffusion of a puff release of
material.

Most diffusion measurements are based upon releases of order of

-fifteen minutes or longer, which are appropriate for the types of accidents
postulated for the Indian Point No. 3 type nuclear plants.

Hanford is

interested in the diffusion of extremely short duration puff releases, of
the order of seconds.

This subject is of academic interest to meteorologists.

Puff release diffusion is not particularly germain to the review of this
nuclear facility.

QUESTION 35

Tr. 106, lines 7

-FLOOD

LEVELS

-25.

We believe the progressively higher peak water levels with time is
coincidence and not due to changes in the river channel or drainage basin.
The predominantly high water levels are due to tidal action from the ocean and
not the typical river valley flood due to precipitation and runoff from a
given drainage basin.

The design flood for the facility is based upon the

occurrence of an extremely improbable hurricane storm which results in a
water level elevation at the site of 19.3 feet above mean sea level.

This is

approximately 12 feet higher than the maximum recorded river level in the
vicinity of the site.

al
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Tr.

107

-

108.

-

SURVEY OF HUDSON (APPLICANT)

QUESTION 37
Tr. 108, lines 6

-CONSTRUCTION

IN ACCORDANCE WITH THE APPLICATION

-8.

Personnel from the Commission's Division of Compliance-conduct a planned
program of inspection of nuclear facilities which are under construction for
the purpose of checking to assure that the facility is being constructed in
accordance with the preliminary design presented in the PSAR.

The results

of these facility inspections by the Division of Compliance are reported to
and reviewed by the Division of Reactor Licensing.

Deviations from design

as evidenced from this report are reviewed with the applicant, as necessary,
and appropriate action taken as indicated previously.

An alternative is

that the applicant may seek approval for a planned deviation in design
directly to the Division of Reactor Licensing.

OUESTION 38 - FUNCTIONING OF MOTORS IN RADIATION

Tr. 108, lines 13 - 20.

The fan motors will be tested under the combined temperature, pressure,
and humidity conditions existing following a design basis accident.

The

effects of radiation on organic materials have been reviewed,extensively in
the literature.

In the Rochester Gas and Electric Company's application for.

an operating license for the Robert E. Ginna plant, Westinghouse is committed
to perform additional testing in this regard.

This includes irradiation tests

on typical components of motors and other electrical equipment.

Prior to,'

issuance of an operating license, we will ensure that radiation from radio
nuclides released to the containment building will not adversely affect the
lubricants or insulators used in the fan motors.

QUESTION 39 - DESIGN BASIS ACCIDENT

Tr. 108, line 21 - 109, line 8.
a. Based on a core equilibrium for a 3217 Mwt reactor and assuming a
release in accordance with TID-14844, the total amount of radioactivity
airborne in the containment atmosphere would be 1440 megacuries.
b. Of the 1440 megacuries, 81% are noble gases, 13.2% are iodine,
and 5.8% are solids.
c. Of the 190 megacuries of iodine in the containment atmosphere,
19 megacuries would be in the organic form.
d. The fractional value of 10% organic iodide; i.e., 10% of the iodine
available for leakage is assumed present as organic iodiees, is based on both
an extensive literature survey of applicable experimental data and on a
theoretical consideration of the most probable formation mechanisms.

This

value is considered conservative because (a) the theoretical derivation
does not include depletion of the source term, uses the most conservative
parameters, all formation mechanisms are assumed to be rapid, and the thermal
degradation of the organic iodides is not included, and (b) none of the
experimental results which approximate predicted post-accident conditions
yield fractional conversions in excess of 2-4 percent.
A number of experimental values exceeding 10% conversion have been
published.

Such higher values have been obtained under unusual conditions

not considered typical of the post-accident environment.
(1) High hydrogen and/or low iodine concentration.
(2) Unrealistically high methane concentration.

These include:

'QUESTION 39

(3)

Very high air temperatures and/or radiation field.

(4)

CO2 gas cooled reactor atmospheres.

A conversion of 45% of the iodine to methyl iodide has been reported
for the radiation conversion of a methane iodine mixture at 100C (212*F),
at a total dose of 4 x 107 rads.

This result was obtained for a 490:1 mole

ratio of methane to iodine (Ref:

Studies of Methyl Iodide Formation Under

Nuclear Accident Conditions, BMI-1829, February 22, 1968).

The combination

of these conditions is impossible in the post-accident environment.

For a

maximum iodine airborne concentration of 25% of the core inventory, an
average methane-iodine molar ratio of one to ten would be conservatively
realistic.

Further, the total dose of 4 x 107 rads would not be reached

during the period when the containment air temperature is near 100*C.
A more realistic and still conservative estimate would be given by the
lowest line in Figure 4 of the above reference, taken for a 10:1 methane
to iodine ratio, which reaches 1% conversion to methyl iodide at 4 x 107 rads.
The effect of temperature on the conversion is shown in Figure 7 of the above
reference, and shows that only at temperatures above 300*C (572'F) does the
conversion rate become rapid at lower irradiation dose levels.

Therefore,

it is concluded that a maximum long-term conversion of 1% of the available
iodine to methyl iodide by this mechanism is possible and this value has
been used in the DRL model.

Even this value is considered very conservative

because the airborne iodine depletion by plateout, spray and filter removal,
etc., is not considered.

QUESTION 40
Tr. 112, lines 8

-

-

SODIUM HYDROXIDE CORROSION

16.

As discussed in Question 6.1. of the 7th Supplement of PSAR, a series of
combined pressure temperature and spray chemistry environmental tests have
been performed on typical electrical motors located within the containment.
These tests simulate the containment post-accident environment.

A produc

tion line valve operator motor is presently undergoing testing.

Sections of

both power and instrument cables for safeguard related equipment will be
tested at the containment post-accident environment conditions.

Test speci

fications are being prepared for the testing of safety related instrumentation
at the containment post-accident environment.

.zrQ

w

QUESTION 41
Tr. 113, lines 2

-

-

ORAL DISCUSSIONS

8.

The review by the staff is based on the record of the case.

Discussions

have been held with the applicant to clarify items and provide information.
All substantive information so derived has been submitted formally by the
applicant, and is incorporated in the record.

The information on quality

assurance obtained orally has been presented in the Supplement to the appli
cant's Summary of Application.

APPENDIX B

STAFF COMMENTS ON
HEARING TESTIMONY OF
JAMES HALITSKY

COMMENTS ON METEOROLOGICAL QUESTION

We agree with Dr. Halitsky's testimony at the hearing and wish to add
the following comments:
With regard to Dr. Pigford's question relative to the applicability of
the Sutton type diffusion equations to the Indian Point site, since the middle
1950's when the Indian Point meteorological study was done considerable
diffusion studies have been performed for areas with all sorts of terrains;
i.e., generally rolling, rugged mountainous terrain, flat land, along large
bodies of water, etc.

These studies have shown that the Sutton type diffusion

equation using Pasquill parameters are suitable for any of these sites.

We

have no reason to believe that this approach would not be applicable for this
site.
We would also like to add that although direct air concentration type
diffusion experiments are potentially the most accurate method for evaluating
dispersion in an area, these are also the most difficult and costly to per
form properly,.

This type of experiment has been run simultaneously with other

less rigorous techniques such as smoke photography, measurements of wind
variability, etc.,

to establish the validity of these other techniques.

Based

upon correlation of the direct concentration measurement technique and these
other techniques, the less rigorous diffusion techniques can be applied to
obtain accurate results.

The smoke photography technique is an adequately

accurate diffusion technique if done by competent meteorologists.

With regard to potential changes of the diffusion climatology of the
Indian Point area, we agree with Dr. Halitsky's statements that these ,changes
from year to year would be small and that the accident meteorological assump
tions would still be quite conservative.

With regard to the meteorology

applicable to the routine releases for this facility, the applicant has
*initiated a meteorological measurement program which will provide up-to-date
data which can be used in conjunction with the data collected in 1955 anda
1956 for use in setting a routine stack release limit at the operating
license
stage of the review for this facility.

We don't anticipate any material

difference in the data collected in 1955 and 1956 versus the
data being
collected today.

APPENDIX C

STAFF RESPONSES TO QUESTIONS RAISED BY THE
PERSONS MAKING LIMITED APPEARANCES
AT HEARING

w

SITE CONSIDERATIONS

Under the Atomic Energy Act the review of a proposed reactor at a proposed
site is limited essentially to questions of radiological health and safety and
common defense and security.
site selection.

The AEC does not participate in other aspects of

It can only review proposals submitted by an applicant.

The

criteria used by the Commission in determining site suitability are set forth
in 10 CFR Part 100.

(Tr. 209)

Therefore, the AEC may not consider such

questions as scenic beauty and recreation in determining site suitability.
(Tr. 317, 318, 384)
Such considerations and long-term planning of land and water uses are
matters which remain within the jurisdiction of the State of New York.

The

State and local authorities have the same authority and responsibilities
concerning the proposed plant as they would have if it were a fossil fuel
plant, except in areas of radiological health and safety and common defense
and security.

(Tr. 583)

C-I

w

INDEMNITY
The Price-Anderson Act provides for a total of $560 million to be
initially available in the unlikely event of an accident.
this legislation, Congress determined the amounts.

C-2

In enacting

(Tr. 225)

PUBLICITY

At the time a notice of hearing is issued, the Atomic Energy Commission;
issues a public announcement which is distributed to the wire services and
to the news media in the vicinity of a proposed site.

In this case, the

public announcements were given wide distribution throughout Westchester
and adjoining counties.

Similar announcements were distributed at the time.

of the issuance of the staff safety evaluation.

The AEC cannot, of course,

require the publication of this material by the news media.

In addition, any

person may request the Commission to be advised of the issuance of the
notice of hearing or the issuance of the staff safety evaluation.
request is answered by the Commission's Office of the Secretary.

Any such
(Tr. 713)

Under the Commission's regulations, public procedures such as the
present proceeding are provided to permit individuals to express opinions
concerning a proposed plant.

(Tr. 185)
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