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JUDGE GLEASON: Shall we proceed,
please? Ms,., Moore?

MS. MOORE: Your Honor, the staff
calls to the stand Dr. James F. Meyer and Trevor
Pratt,

JUDGE GLEASON: It's been some time.
I have forgotten. Were you sworn?

MS. MOORE: Yes. Both witnesses were
previously sworn.

Whereupon,
DR. JAMES F. MEYER

WILLIAM TREVOR PRATT

having previously been sworn by the Administrative

Law Judge, testified as follows:
DIRECT EXAMINATION BY MS, MOORE:

Q. Dr. Meyer, would you please state
your name and business address for the record?

A. (Witness Meyer) My name is James F.

Meyer. My r business address is Nuclear Regulatory

Commission, Washington, D.C..

Q. And would you please state your
position with the NRC?

A. (Witness Meyer) I am a Senior Task
Manasger responsible for the reactor system and

containment sysiem portions of severe accident
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analysis for resk assessment,

Q. Dr. Pratt, would you please state
your name and business address for the record?

A. (Witness Pratt) William Trevor Pratt,
Building 130, Brookhaven National Laboratory,
Upton, New York.

Q. Would you please state your position?

A, (Witness Pratt) I am a group leader
of the Accident Evaluation Group within the
Department of Nuclear Energy

Q. Gentlemen, do you have before you a
copy of the document entitled Direct Testimony of
James F, Meyer and W. Trevor Pratt concerning

Commission Question One?

A, (Witness Meyer) Yes, I do.
A, (Witness Pratt) Yes.
Q. Was this testimony prepared by you or

did you participate in its preparation?

A. (Witness Meyer) Yes, it was prepared
by us,

Q. Do you have any additions or
corrections to this testimony?

A. (Withness Meyer) Yes, 1 do. In an
errata sheet dated February 10, 1983, there are a

number of corrections sc¢c indicated,

TAYLOE ASSOCIATES
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. 1 In addition, there is a typographical
2 error on page 40 of our testimony, line 11 from
3 the bottom of the page, the value 0.4 should read
4 n.5, and following that the parenthetical --
5 JUDGE GLEASON: Which page is that?
6 A. (Witness Meyer) Page 40, Roman Number

7 308-40.

8 JUDGE GLEASON: Roman Number 3.B-407?
9 And where is that?
10 A. (Witness Meyer) The 11th line from
11 the bottom. The value 0.4 should read 0.5 and
. 12 parenthetical percentage should read 50 percent.
13 That's the extent of my errata.
14 Q. With these changes to your testimony
15 is it true and ccrrect to the best of your
16 knowledge information and belief?
17 A. (Withess Meyer) Yes, it is,
18 A. (Witness Pratt) Yes; it iss
19 Q. Do you adopt it as your testimony in
20 this proceeding?
231 A. (Witness Meyer) Yes, I do.
22 A. (Witness Pratt) Yes, I do.
23 MS. MOORE: Copies of this testimony
‘ 24 have be delivered to the parties, Board and court
25 reporter.
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I move that it be received and bound
in the transcript as though read. Dr., Meyer's
professional qualifications were previously bound
into this record.

JUDGE GLEASON: Is there objection?

Hearing none, the testimony of the
witnesses will be received into evidence and bound
into the record as if read.

(Bound testimony follows.)

TAYLOE ASSOCIATES



UNITED STATES OF A™FRICA
NUCLEAR REGULATORY COMMISSINON

BEFORE THE ATN™IC SAFETY AND LICFNSING ROAN

In the Matter of )

s

Nocket Nos. 50-247-Sp
CONSOL IDATED EDISON COMPANY ) 50-786-SP
0OF NEW YORK (Indian Point, Unit ?) )

\

POWER AUTHNRITY OF THE STATF
OF NEW YORK (Indian Point, l'ni- 3) ' February 10, 1983

ERRATA SHEET

FOR
DIRECT TESTIMONY OF JAMES F. MEYER AND TREVOR PRATT
CONCERNING COMMISSION OUESTION 1

P.III1.B-10-Line 7 DELETT "mine"
P.I11.B-18-Column 4 CHANGE - "0.1" TO - "0.01"
P.II1.5.-19-Line 6 CHANGE - "LFC" TO - s 7 oy
P.IT1.B-25-In the Column headed Release category B, the value
in the line marked Release %2ime, CHANGE - "1"
TO - "2" and the value in the line marked Rclease

Duration CHANGE - "0.5" TO - "1.0Q"

P.iI1.B-38
and ADD as a footnote "values shown at the top of the
P.121.B-39 bars are for fraction of cesium relecased"

P.I11.B-45 DELETE the two lines immediately following Table
11I.B-8

P.111.B-58-Line 11 of Answer-25, CHANGE - "relecases. When"
TO - "releases, with the exception of the Ruthenium.
When"

P.I11.B-59-in the Column headed "Ru", the cross-hatched area
should extend upward to a value of 0.21.

NOTE: Correction pages for pages III1.B-32, I11.B-33, 111.B-43
and 1I1.B-44 was submitted *o the Board and Partics by,
letter dated, February 2, 1'83.



In the Matter of

CONSOLIDATEC EDISON COMPANY OF NEW
YORK (Indian Point, Unit No. 2)

POWER AUTHORITY OF THE STATE OF NEW
YORK (Indian Point, Unit No. 3)
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

Docket Nos. 50-247
50~-286

N N N N N NN

DIRECT TESTIMONY OF JAMES F. MEYER AND W. TREVOR PRATT
CONCERNING COMMISSION QUESTION 1

Please state your name and business address for the record Dr. Meyer.

My name is James F. Meyer. U.S. Nuclear Regulatory Commission,
Washington, D.C.

Please describe your position with the NRC and describe your responsibili-
ties in that position.

I am a Senior Task Manager responsible for the reactor system and contain-
ment system portions of severe (core-melt) accident analysis for risk
assessment.

Have yo': prepared a statement of your professional qualifications?

Yes, I have prepared a Statement of my professional qualifications
attached to this testimony.

Please state your name and business address for the records Or. Pratt.

My name is W. Trevor Pratt. B8rookhaven National Laboratory (BNL), Upton,
New York.




A.5

Q.6

A.6

Q.7

A.7

Q.8

A.8

Please describe your position with BNL and describe your responsibilities
in that position.

[ am the Group leader for the Accident Evaluation Group in the Division of
Engineering and Risk Assessment at BNL. As such I am responsible for the
technical management of the USNRC Technical Assistance program at BNL in
the area of severe accident analysis.

Have you prepared a statement of your professional qualifications?

Yes, I have prepared a Statement of my professional qualifications
attached to this testimony.

what is the purpose of your testimony?

The purpose of this testimony is to address portions of Commission
Question 1. The testimony presents the staff analysis and assessment

of severe accident phenomena, containment building failure modes, and
radiological releases from the containment buildings for Indian Point
Units 2 and 3 that could result from coremelt accidents. In addition,
analysis and assessment is presented of the changes in containment
building failure modes and radiological releases that could result from
potential design changes that mitigate the consequences of coremelt acci-
dents. Much of the testimony in this section is based on information from
"Preliminary Assessment of Core-Melt Accidents at the Zion and Indian
Point Nuclear Power Plants and Strategies for Mitigating their Effects"
(NUREG-0850, Vol. 1,.

Please outline the steps involved and the general approach taken by the
staff in analyzing the containment buildings and mitigation features.

The purpose of this analysis and assessment is to determire the performance
capabilities and failure characteristics of the Indian Point containment
buildings under severe accident conditions; to gene;ate data describing

the radionuclide releases from the containment buildings for the environ-
nental consequence evaluation based on the coremelt accident sequences
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. determined in the testimony of Mr. B. Buchbinder, Mr. R. Budnitz and Mr.
Sanford Israel; and to provide the bases for considering mitigation
strategies. This analysis is accomplished in 7 steps:

Step 1.  The plant damage states derived in the testimony of Mr. B. Buchbinder,
Dr. R. Budnitz and Mr. Sanford Israel for internal and external events
are combined i:to one set of nlant damage states characterized by the
time of core melt, the condition of the containment building, and the
status of the containment building cooling capability.

Step 2. These plant damage states are analyzed using the MARCH computer code
to determine the coremelt accident progression and the containment
building loading and failure characteristics with and without mitiga-
tion strategies.

Step 3. Containment building event trees are established which provide for a

convenient cataloging of the key events as the coremelt accident
’ proceeds.

Step 4.  Based cn the MARCH computer code analysis, plus independent evalua-
tions of such items as containment building failure pressure and
steam explosions, split fractions are assigned to the various
branches on these event trees. The output of the event trees is a
set of conditional probabilities associated with various containment
building failure modes for a given core-melt accident sequence. The
failure modes considered can be thought of in two categories: those
for which the containment building function is initially effective
and those for which the containment function is either bypassed or
significantly compromised. The first category is made up of the
following failure modes (using the notation of the "Reactor Safety
Study" (WASH-1400)):

o Steam explosion induced failures. Steam explosicns can poten-
(alpha) tially generate vessel-component missiles which could then
. penetrate the containment building.



(gamma)

(delta)

£
(epsilon)

I11.B-4

Hydrogen burn induced failures. Burning hydrogen gas can
generate sufficient pressures inside the containment building to
cause an overpressurization failure. (Hydrogen burns can also
Cause the containment building to fail indirectly by causing the
failure of engineered safety features needed to protect the
building containment function.)

Failures induced by overpressurization of the containment
building produced from generation of steam and noncondensible
gases. The release of primary system energy in the form of
steam, combined with the decay'heat energy which produces more
steam and noncondensible gases, can overpressurize the contain-
ment building, thus leading to failure.

.Basemat penetration. Core materials interacting wit.. the

reactor cavity basemat can penetrate the containment building
floor (basemat), thus releasing core materials and water into
the environment.

The second category is made up of the following failure modes (using
the notation of WASH-1400)

B
(beta)

Failure to isolate containment building. The coremelt accident
occurs with containment building penetrations left open, thus
considerably reducing the effectiveness of the containment
building function. The conditional probability that this con-
tainment building isolation occurs is 19-3, that is, one time
in a thousand the containient building will not be isolated
during a core-melt accident.

The accident progression bypasses the containment building
function completely. An example of this failure mode is the
interfacing systems loss-of-coolant accident. It is due to the
failure of barriers, such as check valves, that senarate high
pressure from low pressure systems. Direct access to the
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environment is obtained through the residual heat removal system
piping.

B* The initiation of a coremelt accident and concurrent failure of
the containment building are caused by an external event, such
as an earthquake. This failure mode (not considered in
WASH-1400) is similar to a major "B" failure mode because 1t
assumes a very large opening in the containment building.

TR This accident progression bypasses the containment by means of
the steam generators. A core melt accident progression develops
which is characterized by multiple steam generator tube ruptures
(TRs) and failed (stuck open) secondary system pressure relief
valves.

A1l these modes are considered in the staff analysis; however, only
‘ the first category of failure modes is treated in the containment

event trees.* Failure mode categories are subcategorized according to

the different times of containment failure and different conditions

within the containment. Figure III.B.1 pictorially shows these

various containment building failure modes (with the exception of B*,

the seismically irduced containment building failure and TR, the

steam generator tube rupture failure mode). In addition, this figure

also relates the failure modes to the release categories (a matter

to be discussed later in this testimony).

Step 5. For each containment failure mode, a CORRAL computer code analysis
yields the radiological release values at the point of containment
building failure (or the radiological release at a leak rate of 1% of
the containment building volume per day for the "no-failure" cases).
These radiological release values are grouped into 9 release
categories which cover the full spectrum of releases from severe

*Since, for the second category of failure modes (B, V, B*, TR) the containment
’ function is already defeated, no containment event tree analysis is needed.
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Step 6.

Step 7.

II11.8-7

accidents that cause early containment building failures to accidents
that cause minor leakage but that do not otherwise compromise the
building's containment ‘unction.

Similar containment building loading analyses are conducted with
various mitigation features in place. The reduction or elimination
of various containment failure modes due to the presence of mitiga-
tion features is reflected in changes in the probability for each
of the 9 release categories. These changes are determined by using
the containment event trees.*

The release category output is then used to determine the actual risk
reduction afforded by the mitigation features by performing CRAC
computer code consequence analyses, as described in the testimony of
Dr. S. Acharya.

Q.9 Please continue with a detailed discussion of the containment building
‘ loading and failure evaluation following the outline given above. Start
by discussing the grouping of plant damage states derived from the
testimony of Mr. B. Buchbinder, Mr. R. Budnitz and Mr. Sanford Israel.

A.9 Step 1. The grouping of plant damage states from internal, fire and
external events is shown in Table III.B.1. In this table the damage
states given in Mr. Israel's testimony (internal events) are added to the
damage states given in Mr. Buchbinder's testimony (fires) and Dr. Budnitz's
testimony (external events) for each unit.** The external-event damage
states, the "fire" damage states, and the internal-event damage states can
be combined in this fashion because the subsequent accident progression
within the containment is relatively insensitive to the accident initiators
once the status cf the containment has been determined. Note that the

*It should be noted that in general the second category of failure modes, for
which there are no event trees, are unaffected by the presence of mitigation
features described in this tescimony.

**The memorandum which describes the assembling process for the damage states

State Liklihood For Indian Point," dated December 2, 1982.

‘ listed in Table III.B.1 is memorandum from F. Rowsome to J. Meyer, "Damage



Table II1.B.1 Indian Point damage state frequencie:

Unit 2 Unit 3
Before Fix* After Fix* Before Fix** After Fix**
Damage
ciate  INT***  LOSPt  RDft INT LOSP RD INT LOSP RD INT LOSP RD
z 0 0 7(-7) 0 0 (-7) 0 0 3.5(-8) 0 0 3.5(-8)
v a-7) 0 0 a-7) o 0 ac-7) o0 0 a-7) 0 0
3 4(-4)  1.6(-5) 3.2(-4) 2.4(-5) 1.6(-5) 4.3(-5) 3.6(-4) 1.5(-6) 1.2(-5) 2.5(-5) 1.5(-6) 1.2(-5)
EC 1.3=S%) ¢ 0 1.1(-5) 0O 0 neg. 0 0 neg. 0 0
EF 6.4(-7) 0 0 6.4(-7) O 0 neg. 0 0 neg. 0 0
EFC 1.3(-4) 2(-5) 6(-9) 1.3(-4) 2(-5) 6(-9) 2 0(-4) 3(-6) 1.2(-6) 2.0(-4) 3(-6) 1.2(-6)
LF 1(-4) 0 0 1(-4) 0 0 1(-4) 0 0 1(-4) 0 0 =
SGTR  2(-6)ttt 0 0 2(-6) 0 0 2(-6) 0 0 2(-6) 0 0 Z

TOTAL  6.4(-4) 3.6(-5) 3.2(-4) 2.7(-4) 3.6(-5) 4.3(-5) 6.6(-4) 4.5(-6) 1.3(-5) 3.3(-4) 4.5(-6) 1.3(-5)

GRAND
TOTAL 1(-3) 3.5(-4) 6.8(-4) 3.5(-4)

*Fixes for Unit 2 include a) reduced seismic fragility, b) reduced fire vulnerability, and c¢) anticipatory
shutdown for hurricanes

**Fixes for Unit 3 are limited to reduced fire vulnerability
XXXINT = Internal events excluding those characterized by loss of offsite power
TLOSP = Events limited to those characterized by loss of offsite power (LOSP)
T1RD = External events characterized as regional disasters (RS) (seismic and V.urricane)

tt1After the analysis in this testimony was completed, the value for core mell ~as changed upward to 4(-6)
(see staff testimony on Board Question 2.2.1)



Table II1.B.1 Indian Point damage state frequer_ies (continued):
Definition of “"damage state" designations

Plant Damage States Designation
Containment Failure Prior to Core Melt Z
Containment Bypass Via Interfacing Systems LOCA v

Early Core Melt With No Containment Cooling E

Early Core Melt: Sprays and Coolers Operational 'EFC

Early Core Melt: Only Coolers Operational EF

Late Core Melt: (Failure of ECCS in recirculation

mode) with coolers operational LF

Early Core Melt: Only Sprays Operational EC

Containment Bypass Via Steam Generator Tube Rupture SGTR
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‘ damage state prrbabi’“ties are given both nefure and after ine "extirnal
event fixes" deccribea in previous tastimoiv. Alsa note tnat ‘he damage
statas are fu.iher separated into groupings which ci.racterize the site
evacuaticn capability, namely normal site evacuation capability and
abnorma) site evacuation capability due to "rejiona) disasters." (This
matier will be discussed in some fetail by S. /charya in testimony to
follow mine.)

Q.10 Please summarize the results of the MAICH code onalicis and irdependent
analysis for the camage states menticuied above.

A.10 Step 2. Five of thes: eighi representative iamage <tatas were analyzes
in NUREG-0850.* A dominani damage state, "E." for both Units 2 and 3, is
characterized by a ¢mall break LOCA ccupled with faijiure of the emergzicy
core cooling system (ECCS) injection and al)l crotainment heat removal

L systems (CHRS) systems. A typical small break LUCA results from f2ilure
of the reactor coolant pump seals.** The leakage rate through the failed
. pump seals was assumed in NUFEG-U83U to be approximataiy 200 gal/min,

compared with tire rate of 1200 gai/min assumed in the IPPSS. T'he faster
leakage rate assumed in the (°PSS wouldy shertzi the time to uncover and
degrade the core and to cause vessei failure relative to the analysis
described in NUREG-0850. However, because the characteristics of the
accident sequence will be similar, the analysic presented in NUREG~0850
will form the basis of our discussion. For accident sequences in which
water from the refueling water storage tank ({RWST) would rot be injected
into the containment, and with failure of all CHYRS, the cavity wouid not
be flooded with copious amounts of water at vessel failure and, further,
reflux of water into the reactor cavity could not be assumed. This implies
that the analysis presented in Section 3.2.2.2(1) of NUREG-0850 which
assesses the dr.-cavity cases is applicable to damage states designated "E."

*The remaining three damage states, designated as Z, V, and SGTR here, were
assessed subsequent to the publication of NUREG-0850.
**This accident is equivalent to the TMLB'S sequence discussed in
. Sections 3.2.2.2(1) and 3.2.3.2(1) of NUREG-0850.
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Figure II1.B.2 shows a typical pressure history for an “E" damage state
with a small break LOCA coupled with failure of ECCS injection and all
CHRS systems. Initially following reactor scram, the containment building
remains at operating pressure because the primary system energy is released
through the steam generators. [f there is no feedwater available to the
steam generators they will eventually boi) dry. Also during the total-
loss~of-ac-power accident, the reactor coolant pump seals cannot be cooled.
Under these circumstances, a small LOCA induced by failure of the reactor
coolant pump seals could occur. In NUREG-0850, pump seal failure was
assumed to occur one hour after scram. The pressure history in Figure
I11.B.2 reflects this assumption. After the steam generators boil dry or
the pump seals fail, release of the primary system water inventory will
start. I the steam generators boil dry first, the power operated relief
valve (PORV) will 1ift and relieve primary system water at the set point
of he valves. As soon as the pump seals fail, the primary system will
start to depressurize and primary system water will be released through
the failed pump seals.

when primary system water is released to the containment building, it
flashes to steam. Since no active containment heat removal is assumed for
this accident sequence, the steam partial pressure causes the pressure in
containment to rise. Eventually, without ECCS injection, the core will
uncover. The point at which the core is uncovered depends on the time at
which the pump seals fail and on the leakage rate. In Figure II.B.2 we
indicate the point at which the core is uncovered for a typical "g"
damage-state accident progression. In NUREG-0850 sensitivity studies were
provided on leakage characteristics.

When the core is uncovered it heats up and will eventually melt. We pre-
dict that it will take approximately one hour for the core to melt and
slunp into the bottom of the reactor vessel. When the molten core con-
tacts water in the bottom vessel head, steam will be produced and released
to the containment atmosphere via the failed pump seals. In the bottom of
the reactor vessel the core materials will thermally attack the lower ves-
sel head. With a relatively low primary system pressure, we predict that
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it will take approximately one hour for the core materials to degrade the
bottom head to the point at which failure would occur.

When the reactor vessel fails, any residual primary system pressure is
released to containment while the core materials are released into the
reactor cavity. For this accident sequence, relatively low primary systes
pressur2s are predicted so that minimal blowdown forces result from vessel
failure. Also, we noted above that a minimal amount of water would be
expected in the reactor cavity at vessel failure. Water could reach ide
cavity after vessel failure from the accumulator tanks, provided high
pressures prevent accumulator injection into the primary system prior to -
vessel failure. Accumulator injection occurs when the primary system
pressure falls below 665 pounds per square inch absolute (psia). Primary
system depressurization depends on the leakage rate, which in turn depends
on the size and location of the break. Figure III.B.2 shows that for the
assumed leakage rate, high primary system pressure does prevent injection
of all accumulator water prior to vessel failure here. Some of the
accumulator water discharges into the cavity after vessel failure. How-
ever, there is not sufficient water available in the cavity to bring the
core debris into thermal equilibrium.

With limited water in the reactor cavity, extensive interactions will
eventually occur between the core material and the concrete. As the core
debris decomposes the concrete, water vapor and carbon dioxide are released.
The water and carbon dioxide can oxidize metals in the core debris and

form combustible hydrogen and carbon monoxide. However, for tnis parti-
cular accident sequence, the high partial pressures of steam and noncom=-
bustible gases render the containment atmosphere inert. Consequently,
failure of containment due to burning of combustible gases is not a
potential failure mode for this damage state.

Potential failure modes of concern are failure of the containment building
by overpressurization caused by the release of steam and noncondensible

gases from the concrete, or failure by basemat penetration. In the IPPSS
it was assumed that failure would occur by overpressurization rather than
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by basemat penetration. However, in NUREG-0850 it was found that the type
of concrete installed at the reactor site strongly influenced the potential
for the two failure modes (Section 3.2.2.3-3.2.2.6). A Timestone-type
concrete, which releases large quantities of noncondensible gases, was
calculated to fail the containment building by overpressurization prior

to basemat penetration. However, for basalt-type concrete, which releases
smaller quantities of noncondensible gases, it was not clear that over-
pressurization would occur prior to basemat penetration. Analyses of
concrete specimens from Indian Point indicate a basalt-type concrete was
used; hence we are not able to oredict with certainty the timing and mode
of containment building failure. The uncertainty of these two failure
modes during core/concrete interactions is reflected in the branch point
split fractions used in our containment event trees (see step 4 below).

Another class of damage states is characterized by the availability of ac
power and, thus, the availability of containment building heat removal
(either by sprays or fan coolers). For these damage states (EC, EF, e
and LF), the primary threat to the containment building comes from burning
of combustible gases (principally hydrogen), either directly due to pres-
sure transients, or indirectly by causing damage to ESFs. The
hydrogen burning problem would be severe for either a dry or flooded
reactor cavity, although there is an expectation of a smaller contribution
from hydrogen combustion for a flooded cavity if a coolable debris bed is
established shortly after vessel failure (about 1/2 hour). Basemat pene=
tration is calculated for those sequences when a dry cavity is assumed.
Although water is certain to slow down penetration times, it will not
arrest the penetration unless a coolable debris bed is established for the
core melt materials. The probability and timing of containment building
failures by hydrogen burning are specifically treated in this testimony by
the relevant branch points in the containment event trees.

The thermal loadings on the containment building are considered to be of
secondary importance under saturated conditions within the containment
building. Calculated thermal loadings for accident sequences that did not
involve combustion or dry-cavity core/concrete interactions (350°F) are
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considered to be small. For sequences involving combustion, temperature
loadings may be important in assessing equipment survivability and the
integrity of containment building penetrations. Also for "dry-cavity"
accident sequences where considerable noncondensible gases are produced,
the super-heated environment which evolves may be important. These mat-
ters are discussed under the subject of uncertainties later in this
testimony.

Steam explosions and any missiles they might generate that could penetrate
the containment building (e.g., control rods and vessel head) were impor-
tant considerations in WASH-1400 risk analysis. Potentially these missiles
could cause a containment building failure for any of the damage states
under consideration. The consequences from this failure mode ("a" in
WASH-1400 notation) can be severe. In NUREG-0850, the probability of an
"a-mode" failure is over 100 times smaller than was estimated in WASH-1400.*
Our estimate is based on such considerations as the fraction of the core
melt involved in the heat transfer process; the efficiency of the heat
transfer process; the effect of the steam explosion on the vessel head and
control rods; the ameliorating effects of the containment missile shield,
and the resiliency of the containment buildirg. The essential argument
for the Tower values is that reactor vessel geometry is not conducive to
premixing large quantities of core materials--a prerequisite for large
steam explosions. The probability for a given energy release is written
as the product of (a) the probabikity of obtaining a premixture quantity
of drops of molten core material in water commensurate with such energy
yield and (b) the conditional probability that such a premixture will be
triggered into a coherent explosion. These probabilities were evaluated
for all the stages of the meltdown sequence. The upper bounds of a few
hundred megajoules and a few thousand megajoules are projected for the
in-vessel and out-of-vessel steam explosions, respectively. Even though

*An analysis by the NRC Office of Nuclear Regulatory Research, done independently
of the analysis given in NUREG-0850, draws a similar conclusion, namely, that
the best-estimate probability for the "a-mode" failure is 100 times smaller
than estimates in WASH-1400. Note: M. L. Corradini and D. V. Swenson, Sandia
National Laboratories, "Probability of Containment Failure Due to Steam Explo-
sions Following a Postulated Core Meltdown in an LWK," U.S. NRC report
NUREG/CR-2214, June 1981. ‘
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. the probabilities are low, steam explosions are formally considered in the
overall risk analysis and in the containment event trees described below.

Q.11 Please discuss the establishment of containment event trees.

A.11 Step 3. Containment event trees are convenient ways to organize and
represent the progression of coremelt accidents from accident initiation
on the le ¢ of the tree to the point of containment failure on the right
of the tree. Containment event trees have been constructed for four
representative damage states described in Table III.B.1: E, EFC,* EF, and
LF. The trees use a ten-branch logic network to describe the progression
of the various states. The questions asked at each of the ten branches
are described in Table III.B.2. A yes-no answer is required for each of
the ten questions. Each branch is assigned a split fraction which assigns
a probability of a "yes" answer to the branch point question (the proba-
bility of a "no" answer is one minus the probability of a "yes" answer).
The selection of the split fraction depends on the type of analysis

. presented in step 2 above. The convention used in the trees is that a
positive response (yes) results in a path which moves to the top of the

tree and a negative response (no) results in a path which moves to the
bottom of the tree.

A positive response to any one of six questions (2, 3, 5, 8, 9 and 10)
results in failure of the containment building by a variety of failure
modes. Each of ther . failure modes results in a particular radiological
reieaje category (see step 5 below). For those paths which do not have a
positive response for any of the six questions, the path will end in "no
containment failure." However, it is important to no*te that "no failure"
paths also result in releases of fission products to the env:ronment
because of containment leakage. Finally, for each individual tree, the
conditional probabilities associated with the end points of the various
paths through the tree (i.e., the right-hand column) should sum to unity.
These conditional probabilities are then multiplied by the probabilities

¥Because the EC damage state has a similar containment building loading history
‘ to EFC it is subsumed into the EFC damage state.
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‘ Table [II.B.2 Containment event tree branch questions

Branch
ivision Questions

1 Is there a substantial hydrogen burn prior to vessel failure?

2 Does containment fail prior to vessel failure ("y" failure
mode)?

3 Jces containmen. fail by steam explosion generated missiles (“"a"
failure mode)?

4 Is the cavity flooded at vessel failure?

5 Does containment fail at the tim: of vessel failure ("8" failure
mode)?

6 Are CHRS* restored after vessel failure (restoration of ac power)?

7 Are containment building sprays operating?

8 Does containment fail by combustible gas burning ("y" failure mode)?

‘ 9 Does containment fail by cverpressurization ("&" failure mode)?
10 Does containment fail by basemat penetration ("&" failure mode)?

*CHRS: Containment Heat Removal Systems

for the accident sequences themselves as listed in Table III.B.1 to
determine the probability of failure by the particular failure modes
examined. A sample containment event tree is given in Figure II[I.B-3.

Q.12 Please continue your discussion of the event tree method by describing
the analysis associated with each branch point.

A.12 Step 4. This overall explanation will be clearer if we examine a typical
containment event tree, branch by branch, and describe the analytical
process at each step. Note Figure III.B-3.
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. The first point at which the branch could divide considers the question of
large amoun.s of hydrogen generated and released to the containment build-
ing prior to vessel failure. Due to characteristics of the accident
suquences analyzed in the MARCH computer code and 1 .dependent calculations,
it was determined that a substantial hydrogen burn would only take place
for the "LFC" damage state prior to vessel failure. A substantial burn
does not necessarily mean containment failure. In fact, a substantial
early burn could be beneficial because it could prevent a more extensive
burn later when more hydrogen and other combustible gases have been
released to the containment buildiny.

The second point at which the branch could divide considers containment
b.'1ding failure before vessel failure. For our analysis, the only
important containment building failure mode at this branch is failure by
hydrogen burn and then only for the "LF" damage state. (However, it should
be noted that the B* containment failure mode, not considered in the event
trees, also fails the containment prior to vessel failure). For any failure
‘ determination, the pressure at which the containment “uilding fails must
be calculated. The NRC analysis* determined that extensive yielding of
structural members (reinforcing bars) for the Indian Point containment
building would take place at 126 pounds per square inch gauge (psig)
(141 psia). We have defined this as the staff failure pressure. For
overpressurization from either hydrogen burns or from steam and noncon-
densible gas overpressurization, which generate pressures greater than
126 psig, the conditional probability for failure approaches 1.U. NRC
analysis also determined that there would be extensive strain in the liner
of the containment building at the intersection of the cylinder wall and
foundation basemat at 118 psig, which could result in local liner failure
and resultant leakage to the environment. For those events such as hydro-
gen burns, which are large but have pressure peaks of less than the 126
psig failure pressure, the following probabilities for containment building
failure were used, based on considerations of the uncertainty of the

—
Letter from F. Schauer, Chief, Structural Engineering Branch, DE, NRR to

‘ G. Mazetis, Acting Chief, Reactor Systems Branch, DIS, NRR dated January 11,
1982.
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. 126 psig value and of leakage due to liner failure at the lower pressure.
A 5 psi standard deviation value (noted as ¢ ) was assumed, yielding the
following probabilities for containment failure:

Probability of failure at:

126 psig = 0.98 (+20)
121 psig = 0.85 (+lo)
116 psig = 0.50 (mean value)
111 psig = 0.16 (-1lo)
106 psig = 0.02 (-20)

For this branch (#2), the highest split fraction containment building
failure probability determined was 0.01. The reason for this value is
given in Appendix A of this testimony, "Discussion of Event Tree Branch
Divisions for Hydrogen Burns."

The third branch division addresses the question of whether the containment
building will fail by steam-explosion-generated missiles. As discussed

. above, we view this failure mode as having a low probability. The split
fraction used in this study for all five sequences is 10-* (0.0001) for a
positive response at this branch.

The fourth branch division addresses the question of whether the cavity
will be flooded at or after vessel failure and whether or not it will
remain flooded thereafter. This question is important, as it will affect
steam overpressurization, basemat penetration, aerosol generation, and
hydrogen generation. The split fractions used for this branch are:

E flooded 0.01
EF flooded = 0.01
LF flooded= 1.00
EFC flooded= 0.90
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These split fraction probabilities are a function of the capability to
inject the refueling water storage tank water into the containment building
and on whether or not water is present in the cavity at the time of vessel
failure. (Water will definitely be present at vessel failure for the LF
damage state but perhaps not for the EFC.)

Branch divisions 5, 8, and 9 address containment building overpressuriza-
tion failures (from burns or steam) relatively early in the accident (5)
and relatively late in the accident (8 and 9). The hydrogen burn failures
are of concern for the EFC, EF, and LF damage states. The steam overpres=
surization failures (actually a combination of steam and noncondensible
gases) are of concern for the E state. The split fractions used are
listed in the event trees.

The split fraction probabilities for containment building failure due to
hydrogen burns range from 0.0001 to 0.15. These split fractions are
derived from data about hydrogen production, its release to and mixing
with the containment atmosphere, and its burning using the MARCH computer
code and independent analyses. The background for this determination is
given in NUREG-085) while the specific procedure far determining the split
fractions is given in Appendix A to this testimony.

The split fractions for containment building failure due to overpressuri-
zation from steam and noncondensible gases are a function of whether or
not the reactor cavity is flooded. If the reactor cavity is flooded,
containment failure by overpressurization is virtually assured and there-
fore a split fraction for containment failure is 1.0. But if dry, then
the analyses in NUREG-0850 indicated that the pressures alone may not be
sufficient to fail the containment building prior to basemat penetration;
the branching probability split fraction assigned for this case is 0.4.
Because, for this case, there exists considerable uncertainty, a sens‘-
tivity analysis is performed later in this testimom which considers the
impact of this uncertainty on risk.
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‘ Branch division 6 addresses the question of restoration of ac power after
core meltdown and reactor vessel failure. In particular, we are concerned
with restoration of containment heat removal systems (CHRS). This branch
is only relevant to the E damage state. At branch 6 a negative response
of "1" is assigned to the split fraction for damage state E. The reason
that there is no probability assigned here for power restoration is that
the staff has determined that: either power will be restored prior to core-
uncovery there®y preventing core degradation or, if not, then the proba-
bility of powsr restoration occurring early enough to affect the outcome
of the "E" damage states is small. Restoration of ac power and thereby
cooling virtually eliminates the possibility of an overpressurization

failure but enhances the probability of hydrogen burn failure, as discussed
below.

Branch division 7 addresses whether sprays are operating or activated. It

is important to know if sprays are operating because they reduce the air-

borne radiological source term and have an ameliorating effect on hydrcgen
‘ burns should they occur. (Either fan coolers or sprays can make the con-

tainment atmosphere combustible that had previously been rendered inert

by steam and thus cause hydrogen ignition; this matter is addressed in

branch 8). The following split fractions were used for branch division 7:

Split fractions for damage state:

E
EF

.0
.0
EFC .0

naunn
OO

The final branch division 10,* addresses the question of basemat penetra-
tion. In NUREG-0850, the analysis indicated that no basemat penetration
would occur if a coolable debris bed could be established in the reactor
cavity. If a coolable debris bed could not be established, basemat pene-
tration is predicted to take about three days. For the flooded cavity

*Note that branch divisions 8 and 9 are discussed under branch division 5 above.
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cases, a conditional probability for failure of 0.1 was assigned, reflect-
ing the uncertainty that a coolable debris bed could, in fact, be estab-
Tished even with a flooded cavity. (This issue is assessed in Section
3.2.3.3 of NUREG-0850). For a dry cavity, a conditional probability for
failure of 0.9 was assigned, reflecting the assessment the* basemat pene-
tration is the dominant course for the accident progression when no coeling
is available.

In summary, four damage states are analyzed to determine the characteristic
containment failure modes. Containment avent trees (one for each of the
four damage states) are used to catalog the accident progressions and,
specifically, to determine conditional probabilities for the various
containment failure modes. (These conditional probabilities are found in
the right-hand column of the event trees.)

Q.13 Now that you have described the physical mechanisms which can cause con-
tainment building failure, please describe how you determine the radio-
nuclide release categories for each of the failure modes.

A.13 Step 5. With all the containment building failure modes and related
characteristics compiled, the mext step in the procedure is to combine
them into categories which describe the amount and composition of the
radiological release at the time of containment building failure. This
process is accomplished with the aid of the CORRAL computer code, which
determines the radiological release fractions to the envi:onment based on
physical processes occurring in the containment building.

Output from the MARCH code related to core degradation, conditions in the
containment building atmosphere, and leakage from the containment building
are used as input to the CORRAL code. The CORRAL analysis follows the
radiological release from the time the core is uncovered to the contain-
ment building blowdown at building failure. CORRAL calculates the inte-
grated release fractions of eight radionuclide groups as a function of
time. The CORRAL output defines the release for a given containment fail-
ure mode for a specific accident sequence. CORRAL calculations are per-
formed for all possible containment failure modes for each of the damage
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. states. This leads to a large number of potential release categories. In
order to make further calculations managable it was determined that the
nine release categories listed would adequately represent the large number
of calculated releases.

The release categories shown in Table III.B.3 range from the most severe
situations (Category A) to the release resulting from a 1% per day leakage
(Category I) for the no-failure case. Each of the containment building
failure modes for the damage states is assigned a release category, as
pictorially indicated in Figure I11.B-1 and listed in Table III.B-3.
Table III.B.3 gives the data for all nine categories. The probabilities
shown are determined by multiplying the probability for the damage state
in question (note Table III.B.1) by the total conditional probability for
the particular failure mode (note Figure II1.B.3). The information in
Table III.B.3 is exactly the data needed to perform the risk analysis
(CRAC-code analysis) described in the testimony of Dr. S Acharya.

. 0.14 What is the staff position regarding use of the CORRAL code?

A.14 The procedures and assumptions described here for determining the radio-
nuclide release values (and described further in Section 3.4 of NUREG
0850) are essentially those used in WASH-1400 and in other PRA studies
(e.g., Zion Probabilistic Safety Study and the IPPSS). More recent cal-
culations with more mechanistic aerosol behavior codes have demonstrated
that the CORRAL code, with standard input assumptions, do not ful.y consider
the amount of aerosol agglomeratiocn in the containment building atmosphere.*
In addition, CORRAL does not address retention of aerosols in the primary
system. The present data base, however, does not permit a quantification
of the impact of the above considerations. We find little basis for the
attempt to quantify these effects with probability distributions assigned
to the various source terms in the licensee'sc IPPSS. Probability

*Technical bases for estimating fission product behavior during LWR accidents
USNRC-NUREG-0772, June, 1981.



Table 111.B.3 Radiological Releases t‘-e Containment Building - CRAC Input

Release A B C D E F G Ht It

Category

Associated p* V, a 5, TR Y Y M ] 3 NF**

Failure Mode

Release 3 1 13 9.4 12 3.0 2 72.0 21t

Time (hcurs)

Release 2.0 0.5 0.5 0.5 0.5 0.5 8.0 8.0 8.0

Duration

(hours)

Release 5.0 0.5 98 137 180 180 0.3 0 0

Energy

(BTU/hr x 10%)

Warning 1 | 8 1 1 1 1 67 1

Time

(MUTS) \
Release Fraction (fractions of total! core inventory)

Xe-Kr 1.0(0)" 1.0(0) 9.6(-1) 1.3(-1) 8.5(-1) 1.4(-1) 1.0(0) 7.0(-1) 5.0(-4)

1-Br 8.0(-1) 7.0(-1) 9.8(-2) 1.0(-1) 1.0(-1) 7.8(-2) 2.0(-3) 4.0(-4) 5.0(-6)

Cs-Rb 7.7(-1) 5.0(-1) 3.4(-1) 9.3(-2) 8.1(-2) 6.2(-2) 9.0(-3) 1.0(-3) 1.9(-5)

Te 7.5(-1) 1.0(-1) 3.8(-1) 4.4(-2) 6.4(-2) 4.9(-2) 17.0(-3) 1.0(-3) 1.0(-5)

Ba-Sr 8.6(-2) 6.0(-2) 3.7(-2) 1.1(-2) 9.2(-3) 7.1(-3) 1.0(-3) 1.0(-4) 1.0(-6)

Ru 6.1(-2) 2.0(-2) 2.9(-2) 5.0(-3) 5.6(-3) 4.3(-3) 6.0(-4) 7.0(-5) 1.0(-

La 9.8(-3) 2.0(-3) 4.9(-3) 6.6(-4) 8.6(-4) 6.6(-4) 9.0(-5) 1.0(-5) 2.0(-7)

62-8°111



Table lll.‘ontinued)

INDIAN POINT RELEASE CATEGORY FREQUENCIES

Unit 2 Unit 3
Before Fix After Fix Before Fix After Fix
Release -
Category INT# LOSP# RD# INT LOSP RD INT LOSP RD INT LOSP RD
A 0.0 0.0 (-7) 0.0 0.0 7(=7) 0.0 0.0 3.5(-8) 0.0 0.0 3.5(-8)
B 4.6(-7) 3.6(-9) 3.2(-8) 4.3(-7) 3.6(-9) 4.3(-9) 4.7(-7) 0.0 1.3(-9) 4.3(-7) 0.0 2. %~%)
C 1.6(-4) 6.4(-6) 1.3(-4) 1.2(-5) 6.4(-6) 1.7(-5) L1.5(-  6(-7) 4.8(-6) 1.2(-5) 6(-7) 4.8(-6)
b 1.0(-6) 2.0(-9) 0.0 1.0(-6) 2.0(-9) 0.0 1.0(-6) 0.0 0.0 1.0(-6) 0.0 0.0
E 1.6(-7) 0.0 0.0 1.6(-7) 0.0 0.0 1.0(-7) 0.0 0.0 1.0(-7) 0.0 0.0
F 6.2(-6) 6.8(-7) 1.6(-6) 4.4(-6) 6.8(-7) 2.2(-7) 17.8(-6) 9.8(-8) 9.6(-8) 6.1(-6) 9.8(-8) 9.6(-8)
G 6.4(-7) 3.6(-8) 3.2(-7) 2.7(-7) 3.6(-8) 4.3(-8) 6.6(-7) 4.5(-9) 1.3(-8) 3.3(-7) 4.5(-9) 1.3(-8)
H 2.4(-4) 1.2(-5) 1.6(-4) 5.1(-5) 1.2(-5) 2.2(-5) 2.3(-4) 1.4(-6) 6.2(-6) 6.3(-5) 1.4(-6) 6.2(-6)
I 2.3(-4) 1.7(-5) 1.9(-5) 2.0(-4) 1.7(-5) 2.6(-6) 2.7(-4) 2.5(-6) 1.7(-6) 2.5(-4) 2.5(=6) 1.7{~6)
1(-3) 3.5(-4) 6.8(-4) 3.4(-9)

#cor definitions of INT, LOSP, and RD see Figure 11.8.1
##1.0(0) = 1.0 x 10°

XANF = no failure

tThe release fractions for these categories are higher than equivalent-category release fractions used in the RSS

(WASH-1400)

t1The release time for these categories can be arbitary; that is, the (risk) results are insensitive to variations
in the release time.

92-8"111
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distributions for source terms which assign a high value to source term
estimates varying by mere than an order of magnitude simply demonstrate
the substantial uncertainties associated with these estimates. The radio-
nuclide release terms (source terms) used by the staff are appropriate at
the present time.

Before continuing with step 6, an analysis of the reduction or elimination
of various containment failure modes due to the presence of mitigation
features, please explain the purpose of a mitigation feature.

The purpose of a mitigation feature is to mitigate the consequences of
severe accidents, accidents that are beyond the design basis of nuclear
reactor containment buildings by reducing or eliminating one or several of
the containment building failure modes discussed in this testimony. It
is, however, important to stress that the existing containment buildings
adequately mitigate the consequences of a wide range of postulated acci-
dents that are more severe than those considered in the original design of
the building. A new mitigation feature, combined with an existing con-
tainment building design, will mitigate the consequences of an even wider
range cf severe accidents.

Please discuss how the staff determines the safety benefit afforded by a
particular mitigation feature.

The safety benefit of a mitigation feature can be determined qualitatively
by assessing its capability to eliminate or recuce the effect of a par-
ticular containment building failure mode. This process can proceed
without resorting to probabilistic risk analysis. However, it is our
gpinion that we should quantify the safety benefit of a mitigation feature
by using the approach described in this testimony. This approach allows
for a quantitative measure of safety benefit by determining the risk
reduction resulting from such a feature, thus providing for a direct link
with effects on the public.
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Please explain how you assess the limitations and drawbacks of mitigation
features.

A practical engineered safety system will have an inherent unreliability
and potential negative characteristics that must be taken into account in
any assessment of its safety benefit. Thus practical engineering con-,
ceptual designs are considered that meet certain functional requirements
and design criteria. Based on the conceptual designs, unreliability can
be estimated. In addition to unrealiability, it is very important to
consider potential negative characteristics of a mitigation feature. In a
probabilistic risk analysis context these negative features can be consid-
ered "attendant risks," that is, new.risks that are introduced by the
character of the feature itself. For example, a core-retention system
that requires a flooded cavity introduces an attendent risk of increased
potential for slow overpressurization failure of the containment building.
The implementation of unreliability and negative characteristics into a
risk analysis framework is described further in “Step-6" of the testimony.

Please continue with Step 6, analysis of mitigation features.

Step 6 All steps discussec to this point represent the Indian Point
facility as built. In step 6 we will consider the impact of mitigation
features on radiological releases to the environment by following the
methodology described in steps 2, 3, 4 and 5 of this testimony. We will
first consider ideal mitigation features and then realistic mitigation
features. Ideal features prevent the following containment failure modes
by meeting the following requirements:

(1) For combustible gas control (preventing hydrogen burn [y] failure
mode), either (a) provide for the controlled burning of an amount of
combustible gas sufficient to render the containment building inert
by oxygen depletion in such a way that thermal or pressure loadings
from controlled burning do not cause vital equipment or the contain-
ment building to fail, or (b) render the containment atmosphere inert
either before or after accident initiation in such a way that the
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containment building does 7ot fail from pressure loadings contributed
by this activity.

For control of gradual overpressurization of the containment building
(preventing overpressurization [§] failure mode), provide a reliable
means to remove the energy causing overpressurization so that the
containment building failure pressure is not exceeded and so that the
containment building pressure is brought below the design pressure
within about 12 hours of initiation of the control measures. The
basis for the 12-hour period recommended is the need to limit the
initial leakage that would occur at pressures in excecs of those the
building was designed to withstand.

For control of basemat penetration (for preventing basemat penetra-
tion [e] failure mode), assure that interactions between the core and
concrete are limited by establishing a coolable debris bed in.the
reactor cavity.

Based on the above requirements, we choose, among the options available,
the following features for further consideration in our risk analysis:

(1)

(2)

(3)

To control combustible gases: an ignition system to control burning
using glow plug igniters.

To centrol building overpressurization: a passive containment
building heat removal system, such as heat pipes.

For prevention of basemat penetration: a system to flood the reactor
cavity.

As long as these features function ideally as designed, are 100% reliable,
and do not themselves introduce any negative characteristics, the impact
of these features on releases of radioactive materials from the contain-
ment building can be determined using the containment event trees by
assigning a split fraction for failure of zero to those accident failure
modes for which the mitigation feature is designed. Here we consider all
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three mitigation features as a single mitigation strategy and assign split
fractions of zero to the 8§, y and & failure modes.

The nine release categories given in Table II1.B.3 were determined to be
sufficiently representative of the full spectrum of releases that only the
probabilities of releases for the nine categories had to be changed.

These new probabilities are listed in Table II1I.B.4, together with the
case discussed above for Indian Point Units 2 and 3 before mitigation.

No mitigation feature functions ideally as designed all of the time. In
addition to unreliability, negative characteristics may be introduced when
mitigation features are incorporated into a design. A realistic case was
run in which negative features and unreliability were considered for con-
trolled hydrogen burning, using glow plugs; for overpressurization pro-
tectior, using a passive containment heat removal system; and, for basemat
penetration, using a continually reflooded reactor cavity. The negative
features and unreliability for this migitation strategy are discussed in
Appendix B to this testimony. Again, as with the ideal cases, split
fractions at the various branch points in the containment event trees are
changed to reflect these unreliable and negative characteristics, and a
new set of probabilities for the nine release categories is determined.
These are also shown in Table III.B.4. Figure II1.B-4, 5, 6, and 7
together provide the complete set of containment event trees for Indian
Point as is (probability column "a"), with ideal mitigation (probability
column "b"), and with realistic mitigation (probability column "c").

Step 7 With the impact of the mitigation features addressed, the risk-
reduction analysis can proceed by use of the CRAC consequence analyses.
This is the subject of Section III.C, "Staff assessment of accident
consequences. "

Please summarize the key aspects of your analysis and assessment.

The analysis and assessment performed in this section can be summarized
with the aid of Figure III.B.8. Coremelt plant damage states and their
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Probability assigned to each release category

Release Unit 2 Unit 3
Category 1 2 3 1 2 3

A INT & LOSP - .- - - - -
RD 7.0(=7) 7.0(=7) 7.0(-7) 3.5(-8) 3.5(-8) 3.5(-8)

8 INT & LOSP  4.3(-7) 4.3(-7) 4.3(=7) 4.3(=7) 4.3(=7) 4.3(-D
RD 4.3(-9) 4.3(-9) 4.3(-9) 1.3(-9) 1.3(-9) 1.3(-9)

c INT & LOSP  1.8(-5) 2.0(-6) 4.0(-6) 1.3(-5) 2.0(-6) 3.3(-6)
RD 1.7(-5) 0.0 2.1(-6) 4.8(-6) 0.0 6.0(-7)

0 INT & LOSP 1.0(-6) 0.0 9.0(-8) 1.0(-6) 0.0 1.0(-7)
RD - 0.0 0.0 - 0.0 0.0

£ INT & LOSP- 1.6(-7) 0.0 8.1(-9) 1.0(-7) 0.0 6.5(-9)
RD - 0.0 0.0 - 0.0 0.0

F INT & LOSP  5.0(-6) 2.2(-7) 3.2(-7) 6.1(-6) 1.6(-7) 2.8(-7)
RD 2.2(=7) 2.2(=7) 2.2(-7) 9.6(-8) 6.0(-8) 6.0(-8)

G INT & LOSP  3.0(-7) 3.0(-7) 3.0(-7)‘ 3.3(-7) 3.3(-7) 3.3(-7)
RD 4.3(-8) 4.3(-8) 4.3(-8) 1.3(-8) 1.3(-8) 1.3(-8)

H INT & LOSP 6.3(-5) 0.0 1.5(-6) 6.4(-5) 0.0 1.6(-6)
RD 2.2(=5) 0.0 2.0(-7) 6.2(-6) 0.0 6.3(-8)

I INT & LOSP  2.2(-4) 3.0(-4) 3.0(-4) 2.5(-4) 3.3(-4) 3.3(-9%)
RD 2.6(-6) 4.3(-5) 4.0(-5) 1.7(-6) 1.3(-5) 1.2(-5)

'Probabilities Before Mitigation

2Probabilities with Ideal Mitigation Strategy
3Probabilities with Realistic Strategy
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associated probability were provided from Section III.A. Using these
damage states, Indian Point Units 2 and 3 plant data, and radionu<iide
release data, analyses and assessments were performed to determi< . how and
when these containment buildings fail, the amount of radionuc) <z re'eases
upon failure, and changes in these releases due to the presence >f miti-
gation features. The analysis yielded 9 release categories, that repre-
sent the full spectrum of releases attributable to the variocus containment
building failure modes. These categories in order of decreasing cesium
release fr. “tion, that is decreasing consequence impact, are:

Release Category Failure Mode

A Large seismic event g*
(containment collaps2)

B Event V and all = (alpha)
failure modes

o A1l long-term § (delta)
overpressurizations and SGTP
event

D A1l early y (gamma) hydrogen
bur:: (no sprays)

E A1l late y (gamma) hydrogen
burns (no sprays)

F A1l early y {gamma) hydrogen
burns (with sprays)

G A1l B (beta) failure modes
(failure to isolate
containment

H All & (epsilon) basemat
penetration modes

I A1l conditions for which
containment failure does
not occur.

Just how the probabilities for the various containment failures are par-
titioned among the nine release categories is shown in Figure III.B.9 for
Unit 2 and Figure III.B.10 for Unit 3. (These figures summarize the data
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in Table I[I.B.3.) 1In terms of probability of release, the dominant
release categories for both units ar2 C (for slow overpressurization), H
(for basemat penetration), and I (for "no failure"). However, when the
amount of radionuclide is considered, categories H and I become unimportant.
The release categories that dominate risk then will be A, B, and C. The C
category dominates due to the combination of high relative probability and
large release; the A and B also are potentially major contributors due to
their large release fractions.

0f the three dominant release categories, only C can be reduced or elimi-
nated by mitigation features. The changes in this release category that
can be anticipated with ideal and realistic mitigation strategies are
shown in Table III.B-4 for both Units 2 and 3. The mitigation feature
considereu is a passive containment heat removal system (heat pipe system).
The other components of the mitigation strategy, a distributed ignition
system for hydrogen control, and a core retention system to prevent base-
mat penetration, change other release categories (categories D, E, and F
for hydrogen control and H for core retention), but the changes are not as
significant as the changes resulting from overpressurization control.

The impact of the mitigation strategies on the radionuclide releases from
the containment are graphically displayed in Figures III.B.1l and 12, for
Units 2 and 3, respectively. The amount of cesium (Cs) released is used
as an index of the severity of the release. The probability of exceeding
a release is plotted as a function of the amount released. Thus, since
the probability of exceeding a Cs release fraction (for unit 2) of 0.4
(40%) is zero for all the categories except A; the right-hand element of
the graph shows the contribution from release category A--the most severe.
Note that it is not reduced by the mitiga* ‘nn strategy. Based on the data
in Tables III.B.3 and III.B.4, the other reiease categories are added,
yielding the graph shown. Note that the left-most element of the graph is
the sum of all probabilities and thus the total probability of coremelt.
It is clear then that there is substantial reduction in releases of cesium
when the ideal mitigation strategy is in place. It is also clear that
there is a substantial loss in that reduction for a realistic strategy
which considers unreliability and negative aspects of this strategy.
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Although this depiction of the safety benefils of mitigation is useful, a
complete consequence analysis must be performed in order to have more
definitive results. These consequence analyses are the subject of the
testimony of Dr. Acharya. The results of those analyses that have a
direct bearing on the risk reduction from mitigation are summarized here,
however, in order to complete the evaluation of mitigation features.

Estimators of the safety benefit (risk reduction) from the mitigation

features have been determined using the methodology described in Sec-

tion 1I1.C. Ways of making these estimates can take several different
forms:

(a) by plotting CCDF (complementary cumulative distribution function)
Curves comparing the societal risks before and after incorporating
mitijation strategies for various risk measures (e.g., early fatali-
ties, delayed cancer fatalities);

(b) by plotting curves of individual risks as a function of distance from
the facilily, again comparing risks before to those after incorporat-
ing mitigation strategies; and

(c) by comparing the numerical values obtained by intcgrating the CCDF
curves which represent the risks before and after mitigation strate-
gies have been implemented. These numerical values represent the
values expected for societal risk. As with the CCDF curves them-
selves, the comparison can be made for a variety of risk measures.

Here we choose to use form (c). The numerical values are determined by
multiplying the conditional mean values for societal consequences for each
release category (as listed in Table III.C.5 for consequence categories 1
[early fatalities] and 5 [delayed cancer fatalities]) times the probability
for each release category (as listed in Table II1.B.4) and summing to
determine the total risk numerical values. This is done for the three
cases under consideratiui here, namely before mitigation, with ideal miti-
gation and with realisitic mitigation. A summary of these expectation
values for Units 2 and 3 follow:
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Table III.B.S
Indian Point Unit 2

Delayed Cancer Fatalities Early Fatalities
(per Reactor-Yr.) (per Reactor-Yr.)
Before Mitigation 1.7 (-1)* 1.5 (-2)
After Mitigation 3.4 (=2) 7.7 (=3)
(realistic features) '
After Mitigation 1.6 (-2) 6.6 (-3)

(ideal features)

*1.7(-1) = 1.7 x 10~}

Table III.B.6
Indian Point Unit 3

Delayed Cancer Fatalities Early Fatalities
(per Reactor-Yr.) (per Reactor-Yr.)
Before Mitigation 9.1 (-2) 3.8 (-3)
After Mitigation
(realistic features) 1.9 (-2) 1.3 (-3)
After Mitigation
(ideal features) 1.8 {*2) 9.5 (-4)

We formulated a coantitative risk comparizon by using the above values and
the following relationship:

[Expectation Value Before - Expectation Value After] x 100
Expectation Value Before
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that is, the risk reduction normalized to the initial risk. The normal-
ization yields a risk reduction percentage measure independent of absolute
risk. Using this formulation, we have:

Table III.B.7 Indian Point Unit 2

Risk Reduction Risk Reduction
(Delayed Cancers) (Early Fatalities)
Mitigation Strategy
(realistic features) 80% 50%
Mitigation Strategy
(ideal) 91% 56%

Table III.B.8 Indian Point Unit 3

Risk Reduction Risk Reducticn
(Delayed Cancers) (Early Fatalities)
Mitigation Strategy
(realistic features) 80% 66%
Mitigation Strategy
(ideal) 90% 75%

Figures III.B.5, 6, 7 and 8 display these risk reduction results as
segments of total risk.

It is apparent that the potential impact of mitigation strategies on
delayed cancer fatalities is significant.

The potential risk reduction on "early fatalities" is reduced; that is,
the risk reduction percentage is smaller. One reason for the different
risk reduction values when considering latent versus early fatalities can
be seen by noting the release categories in Tables III.B-3 and III.B-4.
Early fatalities, having a localized threshhold impact, a:e controlled
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primarily by the highest "release fraction" release category, in this case
categories A, B and C. (Note Table III.B-3.) The probability for the A
and B release categories remains constant when considering mitigation
feature strategy options (note Table III.B-5), since none of the strate-
gies is considered a "fix" for the large seismic event, the event V, or
the steam-explosion containment failure modes. Put another way, early
fatalities result only from the large release-fraction categories, cate-
gories where, with the exception of release category "C," mitigation
features have little or no impact.

Please comment on the impact of uncertainties on your results.

As described in several parts of this testimony, there are significant
uncertainties and unknowns in areas of phenomenology, the accident progres-
sion and containment failure characteristics. In order to get a better
idea of the impact of these uncertainties and unknowns on risk values, we
have performed a parametric analysis.by varying key parameters which have
large unknowns and uncertainties and noting the effect of these variations
on the release categories and on the actual risk values. The change in

the risk values reported here are determined from risk analyses essentially
identical to those described in Sarbaswar Acharya's testimony which
describes, in detail, the determination of public risk given the radio-
nuclide release data generated in this testimony.

Uncertainties in the following areas are considered here:

1) Uncertainty in the ability of hydrogen burns to fail the containment
building

2) Uncertainty in failure of the containment building by gradual
overpressur:zation

3) Uncertainty in the ability of a flooded cavity to establish a coolable
debris bed and therufore prevent basemat penetration
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4) Uncertainty in whether or not the containment building fan coolers
can perform their function under the adverse environmert2! conditions
of a severe accident

5) Uncertainties in the performance (reliability) of the heat-pipe
mitigation feature

The uncertainty assessment presented here is in the form of percentage
changes from the original risk for two risk measures; early fatalities and

late fatalities. Percentage changes are indicated for both Indian Point 2
and Indian Point 3.

1) If we increase the probability of failing the containment building
by hydrogen burns by an order of magnitude (e.g., a split fraction
change from 0.03 to 0.30), the percentage change in risk values are:

% Change I[.P. #2 1.P. #3
early fatalities neg neg.
late fatalities 40% 100%

On the other hand, if we reduced the probability by an order of
magnitude le.g., a split fraction change from 0.03 to 0.003), the
percentage change in risk values are:

% Change I.P. #2 1.P. #3

early fatalities neg. neg.

late fatalities -4% -10%
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We conclude that the effect on early fatalities of large parametric
variations on the hydrogen-burn failure mode is small and negligible.
This is not surprising since the contributions to early fatalities
from the hydrogen-burn release categories (D, E, F) are small.

On the other hand, late fatalities are affected by large variations

in the hydrogen burn failure modes, particularly for Unit 3. However,
it should be noted that a change in the failure mode by an order of
magnitude only changes risk by a maximum factor of 2.

[f we increase the probability of failing the containment building by
gradual overpressurization by 75% from a split fraction of 0.4 to
0.7, the percentage change in risk values are

% Change [.P. #2 1.P. #3
ea~ly fatalities 45% 55%
late fatalities 55% 60%

These calculations show the sensitivity of parametric variations
related to overpressurization failure on the final risk values. Thus
the phenomenological and containment building failure pressure uncer-
tainties associated with this failure mode are relatively important.
But as important as they are, their effects are risk increases that
are less than a factor of two.

If we assume thalL the probability of basemat penetration is 50% for
the flooded cavity case instead of the 10% that we determined in the
analysis, that is we assumed a more pessimistic position regarding
the establishment of a coolable debris bed in the flooded cavity,
the analysis yields
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% Change I.P. #2 1.P. #3
early fatalities neg. neg.
late fatalities 3% 5%

Thus, the changes in risk are all less than 10%, pointing out the
insensitivity of the overall risk due to whether or not the basemat
is penetrated.

4) If the fan coolers fail due to environmental effects resulting from
the core/water/concrete interactions, then the plant damage states
that had characteristics of an “EF" and a "LF" will both look more
1ike "E" and "L" damage states with overpressurization failure domi-
nating. An analysis was performed assuming that the cooling fans
failed for the "LF" damage state 25% of the time* with the following

’ results:

% Change I[.P. #2 I1.P. #3
early fatalities neg. neg. -
late fatalities 32% 63%

For early fatalities the failure of the fan coolers had little effect
due to the small contribution to this risk measure from the EF and LF
plant damage states. For late fatalities, on the other hand, the
increases in risk are larger because of the prominence played by these
damage states.

Although these parametric calculations alert us to the potential
importance of the fan coolers, we are also aware that the design of

‘ *A similar analysis was performed for the "EF" damage state. For both units
and both risk measures, the changes in risk were negligible.
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. the fan coolers is such that the potential for failure from
environmental conditions is small.

5) Of the three mitigation features considered in this study, the most
important is the feature that prevents gradual overpressurization

failure, namely the passive containment heat removal system.

The risk reduction provided by this system is given below:

% Change LR e Lr 8
early fatalities 57% 75%
late fatalities 83% 73%
. This above assumes that the system functions ideally as designed at
100 reliability and does not introduce any negative characteristics.

The unreliability of this system suggested in Appendix B is 5%. At
this 5% unreliability, the following risk reduction is obtained:

% Change L. - LR
eariy fatalities 50% 66%
late fatalities 73% 64%

[f the unreliability is 10%, the following risk reduction is
obtained.
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% Change L R
early fatalities 42% 56%
late fatalities 63% 55%

The above parametric study indicates the benefit to be gained from
improving the reliability of the passive heat removal mitigation
feature.

In conclusion, this parametric study showed for the most part that para-
meters associated with major uncertainties could be varied by large amounts
with Tittle effect on the final results. The two exceptions were the para-
metric analyses of the overpressurization and hydrogen burn failure modes,
but even then the variations yielded changes in risk of a factor of two

or less, and then only for the latent fatalities risk measure. Although

we are not in a position to say that this parametric exercise encompasses
the key uncertainties, we believe th2 results are indicative of the
variation in results based on the major uncertainties.

Please compare the staff cortainment assessment with the IPPSS assessment
considering first the question of overpressurization from hydrogen burning.

The staff assessment of the potential for hydrogen burns to fail the
containment building (y-failure mode) differs from the IPPSS assessment in
two key areas: (1) the amount of hydrogen produced and (2) hydrogen burn
phenomenology. The staff expects that thousands of pounds of hydrogen are
likely to be generated, while the IPPSS expects hundreds. Further, the
staff believes that the loading pressures from a given amount of hydrogen
burning, as calculated in the IPPSS, may be low. Both these key areas are
discussed further below.

Please elaborate on differences in how much hydrogen will be produced.
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' A.22 The major source of hydrogen during core meltdown accidents is from metal
oxidation. For convenience, we consider three stages in the meltdown and
discuss differences between IPPSS and staff estimates of hydrogen
generation during these stages. The three stages are:

¥ After the core is uncovered but prior to core slump
2. When the core slumps into water in the bottom of the reactor vessel

3. During interactions of core debris with water and/or concrete in the
reactor cavity.

v & Core Uncovered:

There are virtually no differences between the IPPSS and staff
assessments (in NUREG-0850) regarding zirconium oxidation during this
phase of the accident. IPPSS concluded that MARCH is conservative

. with regard to predicting metal oxidation and hence hydrogen genera-
tion. However, MARCH was used in the IPPSS during this phase of the
accident to predict hydrogen generation, an approach consistent with
the staff analysis. (The staff considered oxidation of steel in the
core region and found that it did not contribute significantly ({10%)
to hydrogen generation during this phase of meltdown. Oxidation of
steel structures above the core was considered in the IPPSS (but not
by the staff) and also found not to contribute to hydrogen generation
when the core was uncovered.) Cle:ly zirconium oxidation is the
dominant source of hydrogen during this stage of core degradation.
Consequently, since both the IPPSS and the staff's report use MARCH
to predict zirconium oxidation, both studies predict similar hydrogen
generation up to the point that the core slumps.

2. Invessel Core Slump

There are major differenc:s between the IPPSS and NUREG-0850 regarding
‘ the amount cf additional metal oxidation that can occur as the core



IT1.8-53

collapses into water in the bottom of the reactor vessel. In
NUREG-0850, we considered that uncertainties associated with the
phenomena warranted the assumption of a 100% zirconium/water reaction.

In the IPPSS it is suggested that only an additional 20% of the
zirconium would react during core slump for accident sequences with
Tow primary system pressure. For accident sequences with higher
primary system pressure, IPPSS assumed an additional 50% of the
zirconium would react during core slump. The IPPSS, position was
based on a scenario which postulates that silver from the control
rods will melt first (silver has a relatively 1w melting point) and
form a plug in the lower, cooler region of the core (silver retains
its metallic properties upon melting and refreezing in an oxidizing
atmosphere). This silver plug would hcld molten core materials as
they slump from the central region of the core. The silver plug
would eventually fail (locally) and the molten core materials would
pass through the lower core support plates without having to sequen-
tially melt them. Water would then be moved out of the bottom of the
reactor vessel by the molten core debris. The molten core debris/
water interactions would be minimal and any fragmentation would
result in formation of *relatively large particles. The additional
range of metal oxidation assumed is from experimental data based on
relatively coarse particles. With minimum core debris/water inter-
action, the core materials will remain hot (and for the most part,
molten) so that local penetration of the reactor vessel will start
immediately.

We consider the above scenario to represent just one of a number of
scenarios that could be postulated to describe in-vessel core melt-
down. The melting of silver and the forming of a plug is an important
aspect of the proposed scenario. However, it snould be noted that
tests at ORNL indicate that silver could be dispersed from che core
region as an aerosol. Thus these experiments would suggest a
different behavior of the silver than proposed in the IPPSS.
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The suggestion that all the molten core will pour through holes in
the Tower support plates appears to rely on the local melting of a
silver plug, which is in doubt. Finally, the size of the particles
formed during core debris/water interactions is an area of concern.
It is known that small particle sizes lead to faster, more complete
metal oxidation. We are therefore concerned at the size of the
particles assumed in the IPPSS. Based on recent Sandia Tests, there
is a possibility that much finer particles could be formed, which in
turn suggests that up to 90% of the metal could be oxidized. We
consider that the above discussien adequately illustrates that the
scenario proposed in the IPPSS although plausible is simply one
possible description (panaps even a limiting description) of how a
core meltdown could progress. There are clearly other plausible
scenarios that would involve significantly more metal oxidation. In
view of the above considerations, and recognizing our lack of knowl-
edge in this area, we feel that a 100% zirconium/water reaction
should be used to determine the hydrogen production during in-vessel
core heatup and meltdown.

Core Debris/Water/Concrete Interactions

There are again major differences between the IPPSS and NUREG-0850
regarding the amount of metal oxidation that can occur as the core
debris is released to the reactor cavity. The IPPSS scenario envi-
sions a high pressure ejection of molten core materials into the
reactor cavity which would result in water being driven from the
cavity via the instrument tunnel. As the primary system depres-
surizes, the blowdown forces would disperse the core debris out

of the reactor cavity. Minimum core/concrete and core/water inter-
actions would occur, hence minimum metal oxidation and hydrogen
generation is proposed. However, the scenario does postulate that
50% of the molten core materials will be brought into thermal
equilibrium with the containment building in a very short time.
Consequently, the scenario provides a significant pressure pulse in
the containment building at vessel failure. Also, the rapid cooling
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of the core materials requires significant dispersal of the core
debris out of the reactor cavity. If the majority of the core debris
remained in the cavity, significantly longer quenching times would be
predicted with the IPPSS heat transfer model.

The staff considers the above scenario as just one of a number of
possible out-of-vessel core meltdown scenarios. The dispersal forces
associated with vessel failure are important. It appears important
for the core materials to be molten as they exit the reactor vessel.
This in turn depends on the mode of in-vessel core slumping and the
vessel failure mechanism. The temperature at core slump is an input
parameter in the IPPSS scenario. If the core materials were at a
lower temperature, significant quantities of the oxides could be
solid. In this case, a slurry would be exiting the vessel with quite
different fluid properties than the molten materials proposed in the
IPPSS study. The lower temperature slurry could also further solidify
on contact with the concrete, which would again influence the poten-
tial for core dispersal. Even if we accept the dispersal of 50% of
the core material from the reactor cavity, the remaining S0% must
eventually end up in the cavity. It is not clear how this remaining
half of the core (with accompanying steel) can be brought into a
coolable debris bed configuration in the reactor cavity without
significant additional metal oxidation. There would not be any
energetic blowdown forces to disperse or rapidly quench the remaining
50% of the core as it slumps.

We consider that the procedure adopted in NUREG-0850 is appropriate
for bounding potential out-of-vessel core meltdown phenomena. We
consider the IPPSS dispersal model to be similar to the HOTDROP model
discussed in NUREG-0850. Both approaches result in rapid quenching
of the core material and virtually no metal oxidation (refer to
Figure 3.16 in NUREG-0850). The models therefore maximize the
potential for an overpressurization failure of containment at vessel
failure. The NUREG-0850 approach posed more of a threat than the
[PPSS scenario because 100% of the core materials were assumed to
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. exit the vessel compared with 50% in the IPPSS. However, even with
this conservalive assumption, NUREG-0850 also concluded that the
threat to containment from overpressurization at vessel failure was
minimal.

The alternative approach in NUREG-0850 for bounding potential
out-of-vessel core meltdown phenomena was the HOTDROP bypass model.

In this model, heat transfer from th: c. e debris to water was
assumed limited by critical heat flux considerations and the core
debris was allowed to interact with concrete (refer to Figure 3.16 in
NUREG-0850). This model assumes that the majority of the care
materials remain in the cavity and that several hours are required to
quench the core debris. ODuring this time steel oxidation could
produce an additional 2000 1b of nydrogen. Pressurization of the
containment building is obviously much slower in this alternative

approach; consequently, the potential of an overpressurization
. failure is minimized while the potential for a hydrcgen failure is
maximized.

We realize that the two approaches suggested above (and in NUREG- |
0850) represent bounding calculations in terms of maximizing two |
potential containment failure modes. Calculations in NUREG-0850

indicated out-of-vessel quenching times of less than one hour. It

would therefore appear reasonable to suggest pressurization rates and

hydrogen generation compatible with these quenching times. This is

consistent with the approach taken in Section 3.2.3.4 of NUREG-0850.

We therefore believe that 1000 1b of hydrogen should be used as the

amount of hydrogen generated during the transition of the molten core

materials into a coolable debris bed in the reactor cavity.

Q.23 Could you now elaborate on the differences in hydrogen burning
phenomenology?
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In regard to combustion phenomenology, it is impc ‘tant to mention two
aspects of hydrogen problems that appear to be not yet fully resolved.
These are:

Flame acceleration in hydrogen concentrations of 10 - 12% appear
possible in large containment volumes on a fairly extensive scale.
Experimental tests at McGill University have indicated that flame
velocities greater than 220 m/sec are reached in tubes containing
these concentrations with simple obstacles. Pressure may exceed the
adiabatic calculations but it is not known whether the time scale of
the pressure pulse is sufficiently extended tu be a serious contain-
ment problem. ctxperiments on these phenomena are planned at Sandia
National Laboratories.

2. For nonuniform hydrogen compositions, although no specific sub=volumes
have been identified within the Indian Point containment that would
be obviously dangerous from the point of view of collecting explosive
mixtures, the circulation and mixing patterns have not been estab-
lished well enough to preclude their existence.

Thus, although the staff believes that the 3000 1b hydrogen source term
adequately represents the principal possible core melt accidents, the full
implications of this amount of hydrogen are not yet kiiown because of
deficiencies in the understanding of containment combustion phenomena.

Please continue your comparison with the IPPSS by noting the differences
in the treatment of basemat pentration.

In the IPPSS, the assessment concludes that a coolable debris bed will be
established if the reactor cavity is flsoded and supplied with water; thus
it is suggested that no extensive basemat penetration will occur under
these circumstances. Further the IPPSS assessment disregards basemat
penetration for dry-cavity cases, as the containment building is assumed
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to have already failed by containment building overpressurization (con-
sidered a far-worse case). The staff assessment differs from the IPPSS
for both the flooded cavity and the dry cavity configuration.

For the flooded cavity, it is the staff position that debris bed
coolability is not guaranteed. Thus the staff uses basemat penetration
probabilities that range from 10 to 20%. The details of the staff
assessmen?. are in NUREG-0850, Section 3.2.3.3.

For the dry cavity case, the staff analysis predicts basemat penetration
in about three days. Because this analysis is conservative, that is, that
penetretion is nqt a certainty, we have assigned a 10% probability that
the hasemat will not be breached.

Please continue your comparison of the staff analysis with the IPPSS by
noting the differences in the key radionuclide release categories. Also
compare to the WASH-1400 release categories.

The release categories A, B, and C, are the potential major contributors

to risk. "“A" is the release category for seismic containment building
coilapse event; "B" is the release category for "Event-V and steam-explo-
sions"; and "C" is the release category for the Steam Generator Tube
Rupture Event and the slow overpressurization containment building failure
model. The analogous release categories from the IPPSS are 21, «, and

2RW, respectively. Figures III.B.13, 14, 15 compare the radionuclide-group
releases for these three release category groups. For the "B=2" and
"C=2RW" release categories, the differences are negligible. For the "A=Z1"
set, Figure II1.B.13, the NRC releases are all higher than the IPPSS
releases. When all the other release categories are taken into aceount,
however, the impact of this difference is not large. In conclusion then,
there are no substantive differences between the staff analysis and the
[PPSS analysis pertaining to the largest three release categories. It is
also instructive to compare the IPPSS and staff release categories to
those in the original Reactor Safety Study (WASH-1400) as listed in Table
5-1, page 78, of the main report. The "A=Z1" release ca' egory has no equi-
valent in WASH-1400 since the release category is for an accident that was
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not analyzed in WASH-1400, namely the large seismic event. The IPPSS
release category 2 (note Figure III.B.-14) is identical to the WASH-1400
release category 2. This category is reserved exclusively for the Event V
accident in the IPPSS study while in the WASH-140U study it it used for
some y and & failure modes as weil as for Event V. In Figure III.B-15,

the IPPSS category 2RW, the staff calegory C, and the WASH-1400 category 3
are compared. The primary contributor to the WASH-1400 category 3 release
is the overpressurization failure; therefore category 3 is the appropriate
one to use in this comparison. Except for lodine, all the WASH-1400 values
are approximately equal to or slightly lower than the staff and IPPSS
values. If the WASH-1400 release category replaced the staff's release
category C in the staff analysis, the net erfect would probably be slightly
lower risk.

Please conclude your comparison by noting the differences in the
containment building failure pressures calculated for the two studies.

In an earlier portion of the Section III.B testimony, we summarized the
staff assessment of containment building failure pressure. This failure
probability profile is plotted as a function of containment building
pressure and compared to that calculated by IPPSS in Figure III.B.16.

From both analyses, the containment building failure pressures are similar
for probabilities greater than 80%. However, because of a larger -tandard
deviation in the staff analysis, there is a sizable difference in t' 2 two
profiles at lower probabilities. This is because iPPSS determined that
the only containment failure event of importance is extensive yielding of
key structural elements (in this case, the rebar) while the staff con-
sidered failure of the liner and leakage through penetrations at lower
pressures in addition to the yielding of rebar considered by IPPSS. It is
difficult to determine the impact of using the IPPSS failure values in
place of the staff's values. However, it is clear that the slow over-
pressurization events would occur somewhat later and that fewer hydrogen
burns would result in containment building failure.
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APPENDIX A
Discussion of Containment Event Tree Split Fractions

A) LF Damage State at Branch Point 2 for Hydrogen Burns: Potential for
hydrogen-burn containment building failure prior to vessel melt-through:

For the LF damage state, the partial pressure of steam in the containment
building is low. Also, core-heat-up is slow ~alative to other accident damage
states. The maximum hydrogen release to containment prior to vessel failure
would be Timited to ~2000 1b (~100% metal-water reaction). There is a good
potential for this hydrogen to burn at the lower flammability limits; however,
if we assume that all the hydrogen burns adiabatically, a pressure rise of
only 65 psi would be produced. If this is added to the pressure in containment
(of ~20 psia before the burn), the final pressure after the burn is only

85 psia, which is significantly below the failure pressure of the containment
building. We are, however, concerned about the possibility that local pockets
of hydrogen could form and raise the potential for damaging detonations to
occur. Containment could be threatened indirectly through high temperature
damage to safety systems. Although the adiabatic burn does not fail contair-
ment, the uncertainties associated with combustion of 2000 1bs. of hydrogen
warrant a split fraction of 0.01 at this branch point.

8) EFC and EF Damage States at Branch Point 2: Potential for hydrogen burn
containment building failure prior to vessel failure

The potential exists for a hyarcgen burn prior to vessel failure for these
sequences as well as for the LF damage state. However, core heat-up and
slumping is much faster for the EFC and EF damage states. The primary system
pressures are also higher so that less hydrogen is released prior to vessel
failure. Also, the vessel failure time is shorter for the EFC and EF damage
states. This implies a lower probability of a large hydrogen burn prior to
vessel failure for damage states relative to the LF damage state. Thus we
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assume that the hydrogen burn effect is negligible and assign zero to the split
fraction.

C) EFC and EF Damage States at Branch Point 8: Hydrogen-burn containment
building failure after vessel failure

[f we assume that hydrogen did not burn prior to vessel failure, i% is possible
that 3000 1bs. of hydrogen could be available shortly after vessel failure.

The steam spike associated with vessel failure amounts to about 40 psia. The
mole fraction of steam is close to the value that would render the containment
atmosphere inert. At this pressure, the containment spray system would be
actuated for the EFC damage state, bringing down the steam partial pressure and
rendering the containment building combustible. If we assume 3000 lbs. of
hydrogen burns adiabatically, a pressure rise of 95 psi would be expected.
However it is known that a number of mechanisms will tend to limit the actual
pressure rise associated with hydrogen burning to less than the theoretical
adiabatic limit. A computer code (HECTR) has been developed at SNL to calcu-
late the actual pressure rises associated with hydrogen burning by considering,
heat transfer by radiation, convection, and spray-droplet evaporation. Calcu-
lations with HECTR indicate that only 80 to 90% of the adiabatic pressure rise
will actually occur. Based on these calculations and noting that the contain-
ment sprays will be operating for the EFC damage state, the split fraction of
0.73 for a positive response at branch point 8 was selected. However, the above
assessment has recognized uncertainties. Considering that the burn may not
occur at the upper pressure limit of 40 psia and recognizing that more or less
than 3000 1b of hydrogen may be produced, we consider the impact of a more
optimistic assessment and more pessimistic assessment in the assessment of
uncertainties as described in this testimony.

For the EF damage state the conditions in the containment building would be
similar to the EFC damage state up to the point of vessel failure. However the
sprays are assumed not to operate for the EF damage state (unlike the EFC) so
that there would be no water droplets from the sprays to contribute to reducing
the pressure rise associated with a hydrogen burn. Consequently, for the EF
damage state we assign a split-fraction of 0.10 for a positive response at
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branch point 8 compared with 0.03 for the EFC damage state. The higher split
fraction for damage state EF recognizes the lack of spray operation and also
that the burn, even without sprays, will not be adiabatic.. We also consider
the uncertainties in this value as we did for the EFC damage state.
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APPENDIX 8

Unreliability and Negative Characteristics of Mitigation Features

I.  Hydrogen Control Using Glow Plugs

The unreliability of the glow-plug system used in this study is 5%. The value
appropriate for similar systems installed in ice-condenser type containment
buildings (e.g., Sequoyah) is lower (less than 1%). However, we choose the more
conservative value of 5% here to account for performance uncertainties result-
ing from the more hostile environment of a core-melt accident. This unrelia-
bility factor is used in the containment event tree in the following way. For
the relevant containment event tree branches (2, 8), the probability of contain-
ment failure "before mitigation" is multiplied by 0.05. That is, if the
original building failure probability was 10%, the new probability for failure
is 0.5%. (Note that this probability is 0.0% for ideal glow plugs, i.e., those
that perform flawlessly.) 4

II. Passive Containment Heat Removal Using Heat Pipes

The unreliability of a heat pipe system used in this study is calculated at

5%. Ordinarily, unreliabilities for containment heat removal systems are
lower; however, because this is a new system with no record of performance
capability under the accident conditions, a larger unreliability value was
assigned. C~ud buildup on heat transfer surfaces was determined to be the
major contributor to degraded performance or unreliability. This unreiiability
value is then used to reevaluate the failure probability at branch point 9.

III. Basemat Penetration Prevention Using a Flooded Cavity

The unreliability of this core retention system is calculated at 5%. This
value is probably too low; that is, the probability of not achieving a coolable



debris bed and thereby not preventing basemat penetration is probably higher
based on phenomenological considerations. The impact of large variations in
this unreliability parameter is not great since the impact of basemat penetra-
1

tion on overall risk is small anyway. The major impact in considering core

retantion results from the negative /catures associated with flooding the

reactor cavity Flooding the cavity is essential for core retention: however,

following negative features mu:t be taken into account.

the

by flooding the reactor
overpressurizati
by flooding the reactor cavity the potential for release of contaminated

sump water through tr basemat increases.

s0 important that such a core retention
sontainment design unless a ::nt;‘fmemt heat
ing for containment heat
increase risk because of

: 9

ure.

characteristic would only be important if the liquid
dian Point site was an important route for distribution of
he environment. In the testimony of Richard Codell, it is

the liquid pathway is not an important risk consideration.
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. 1 Q. Dr. Meyer, would you please provide a
2 brief summary of your testimony?
3 JUDGE GLEASON: I think, urless there
4 is something, we have been waiving this part of
5 the hearing, Ms. Moore., Unless you want to put
5 something on the record specifically, I would just
7 as soon as go directly to cross examination.
8 MS. MOORE: The witness is available
9 for cross examination.
10 JUDGE GLEASON: Mr. Blum?
11 Mk. BLUM: Thank you, Your Honor.’

12 CROSS EXAMINATION BY MR. BLUM:

|
12 Q. Dr. Meyer and Dr. Pratt, which 1
\
1
|
|
\

14 version of CORRAL was used for your testimony?

15 A. (Witness Pratt) CORRAL 2.

16 Q. On page 3 B 24 of your testimony at

17 the very top paragraph you state, "In order to

18 make further calculations manageable it was :

19 determined that the nine release categories listed

20 would adequately represent the large number of

21 calculated releases.” How was that determined?

22 A, (Witness Meyer) We had more than nine

23 release categories. However, past experience has
. 24 indicated that the nine that we selected were

25 sufficiently representative of the various types
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of containment failure modes to proper.y reflect

the release category characterization for the
analysis.

JUDGE SHON: Dr. Meyer, I am not sure
that answered Mr, Blum's question. You assured us
the nine odes you used were representative of all
the many different combinations, but how did you
assure yourself that they were, indeed,
representative, that there were not half a dozen
that you hadn't accounted for that were very very
different?

THE WITNESS: (Witness Meyer) The
release categories are listed on page 25 of the
testimony. Release category A, the most severe
release category, represents a very severe release
category.

I don't know of any release category
to date that is more severe than that, and that
would certainly cover the top end of the key risk
category spectrum.

The release category I, on the other
hand, was a release category calculated for the no
failure case, where we assumed an one percent per
day leakage rate from the containment.

For release categories B through H

TAYLOE ASSOCIATES



10

11

12

13

14

16

17

18

19

20

21

22

s3

24

25

12495

the release fractions are constantly reduced going
from B to H,

Any release category in addition to
these nine would fall somewhere in the range from
B to H, and we are close enough to the release
categories indicated to have but a very small
impact on the direct consequence analyses.

JUDCE SHON: What you seem to be
telling me, see if I have this right, is that you
selected release categories that had a broad range
from the worst to the least significant of
consequences, and that the ones that you selected
in between, which would have had intermediate
consequences, were in some sense, and I am not
sure what that sense is, not far from the others,
Is that it?

THE WITNESS: (Witness Meyer)

That's correct,

JUDGE SHON: It's a little
complicated in one's mind to decide whether there
might be a category that looks for 211 the world
like D, or something like that, but has the
sufficiently different makeup to it that it would -~
that it would have some effect on your

calculations or your estimates., Do you see what 1
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mean?

THE WITNESS: (Witness Meyer) Yes.
I see your point., And we have performed analyses
to convince ourselves that there would be no major
variation in our results due to that type of
consideration,

In fact, with some hindsight we could
have collapsed these categories further. There is
a limitation in the contract code that suggests
keeping the release categories below ten is
desirable from a calculation standpoint.

JUDGE SHON: Thank you.

I think it satisfied me, Mr,., Blum, I
don't know about you.

MR, BLUM: Yes. That's quite gooAd.

Q. On page B 54 of your testimony, about
two thirds of the way down in the first paragraph,
you state, "We consider that the above discussion
adequately illustrates that the scenario proposed
in the IPPSS although plausible is simply one
possible description (perhaps even a limiting
description) of how core meltdown could progress."

What do you mean by the phrase "perhaps
even a limiting description"?

A. (Witness Pratt) This was a

TAYLOE ASSOCIATES
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description specifically related to the amount of
hydrogen that could be produced during a core-melt
event, and we felt that the scenario discussions
was a limited valuation in the direction of the
smallest amount of hydrogen that it could produce.

We think that there is a possibility
for producing more hydrogen. So limiting in the
sense of a small amount of hydrogen.

Q. o as far as consequences of an
accident are concerned the IPPSS treatment of this
phenomenon would be on the optimistic side?

A. (Witness Pratt) Yrs.,

Q. Unader the gamma failure mode the
testimony notes that hydrogen burns can induce
containment failure indirectly by causing the
failure of any safety features geared to protect
the building containment function. You recall that,
do you not?

A. (Witness Meyer) Yes, I do.

Q. And this suggests that hydrogen burns
might cause leakage failures or failures of
containment cooling systems, does it not?

A. (Witness Meyer) That's correct, yes.,

0. What review have you performed, if

any, of the impact of hydrogen burns on
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engineering safety feature equipment?

A. (Witness Meyer) We performed a review
of the impact of hydrogen burns on the fan cooler
system and the spray system, and it was our
determination that the systems could survive the
burns that we considered.

However, T should point ocut that we
did a parametric analysis in the testimony that
explored the impact of engineered safety features
failing, and the end result of that parametric
analysis was that the impact on risk isn't all
that severe

JUDGE SHON: Before we get off this
particular point, Dr. Meyer, did any of the burns
that you included in your analysis result in
formation of a shock wave, or anything like that?

THE WITNESS: (Witness Meyer) The
molt fraction of hydrogen necessary to go into the
dynamic range, the shock development range, is 18
to 20 percent,

Our analyses indicated that the molt
fraction ranges would be in the range of 4 to 16
percent, so we do not think that that type of

dynamic leading is a plausible event for Indian

Point
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were somehow concentrated

region?

THE WITNESS:
fact, 1 was just going to

would have to go to local

that situation.

We did put

12499

Even if the hydrogen

in some small area or

(Witness Pratt) In
bring that point up. One

concentration to get

into the CORRAL indication

a residual probability that that would secure, but

it was a relatively small

value, It wasn't that

large., That's simply becavse the damage states

where this would occur are relatively low in

probability,

So we are talking about situations

where we have containment heat removal systems

operating, and in terms of how they differ from

the probability it's relatively low.

JUDGE SHON:

the probabilities of that

you didn't- -~

THE WITNESS:

that's true, We have done

But once you considered
sort of thing were low,
(Witness Pratt) Yes,

quite a bit of work at

Brookhaven to get from defraction to detonation., I

have 2 number of publications out about that, but

we haven't specifically looked at that at
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Q. Included in your review of effects on

ESF equipment did you specifically consider
electrical cables?

A. (Witness Pratt) We have a number of
publications out in that area from Brookhaven,
where one of our consultants from Stonybtrook
looked at that effect, and came to the conclusion
that those cables that wvre exposed could be

ignited under a hydrogen burn situation.

Q. I am sorry, I misheard a woi1d?

A. (Witness Pract) Ignited.

Qe No. You said that they could be?

A. (Witness Pratt) Could be. That's
right,

Q. And ¢did you pursue the possible

effects of their being ignited?

A. (Witness Pratt) The possible effects
in terms of the survivability of equipment, we
don't think that particular equipment would have
been relying on those cables at this stage of the
accident.,

JUDGE SHON: Are you saying, Pr.

’

Pratt, that the cables would burn, but there would

be no safety equipment relying on them?
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THE WITNESS: (Witness Pratt) For

these severe accidents, 1 think that's the case.

Well, if there's a confusion, I think
we are relying on, say, the operations of the
containment system to function and cool, to
maintain the building's integrity. Whether or not
we have the circuitry necessary for ECC. That's
the point I am making

JUDGE SHON: But I am not sure how
you identify, as it seems you would have to, that
each and every cable which was exposed and could
burn was a cable that was important only te an
earlier stage in the history of the development of
the accident, or at least was not necessary as a
mitigating feature from that point on.

Wouldn't you have to identify these
things, each and every one, and say yes, and no?

THE WITNESS: (Witness Pratt) I
would agree. The calculations we made at
Brookhaven was to look at the temperature
environment associated with a hydrogen burn, to
look at the materials that were made up of the
cable material, and see whefther it would ignite.

And we came to the conclusion that

certain materials would ignite under those
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THE WITNESS: (Witness Pratt) Yes,

sir.
JUDGE SHON: I see. Thank you.

Q. Are not the cables to the containment
spray and the fan coolers inside containment?

A, (Witness Pratt) My answer was I don't
Know.,

A, (Witness Meyer) As I understand,
there are cables for the fan cooler systems inside

containment,

Q. Do you recall at all for the sprays?
A. (Witness Meyer) No, I do not,
Q. You stat¢d that there were certain

accident sequences where you assumed the safety
equipment ESS would be inoperative. Is that
correct?

A. (Witness Meyer) Yes, that's correct,.

Q. And then there were other sequences
where you assumed that there was no probability of
them being inoperative. Is that correct?

A. (Witness Meyer) That's correct, yes,

Q. Were there any sequences where you
engaged in any sort of probablistic modeling that
they would become inoperative during that sequence?

A, (Witness Meyer) We would have done
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that if there was a demonstration of significant

sensitivity to that particular consideration.

Since our parametric analysis that we
felt scoped the problem, the indication was that
there was not that sensitivity, we didn't pursue
the matter furt'or,

Q. Which of the sequences where you
found the sensitivity?

A. (Witness Meyer) On page 49 of the
testimony, you will note that we performed an
analysis assuming that the cooling fans failed in
the LF damage state 25 percent of the time.

If they could fail 25 percent of the
time, then the results shown would come about,
namely they would have negligible effects on early
fatalities, and we would get anywhere from a 30
percent to a 60 percent increase in risks if
are using the late fatalities r'sk more than
are.

Q. Are all instances of hydrogen burns
contained within the LF damage state?

A. (Witness Meyer) No. They can be also
contained in any of the damage states that have
containment cooling, including the EF and the EFC

damage states,
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Q. So there were some instances of
hydrogen burn where you assumed a zero probability
of the ESF equipment failing. Is that correct?

A. (Witneses Meyer) You mean in the
context of this particular parametric study?

Q. Yes.

A, The footnote indicates that a similar
analysis was performed for the EF damage state for
both units, and both 1isk measures the changes in
risk were negligible.

Q. But I believe you also mentioned the
EFC damage state?

A. (Witness Meyer) Yes. For that
particular damage state you would have to assume
that you lost both your fans and your sprays, and
we felt that there was negligible chance that that
would occur.,

In addition, in another area of that
uncertainty analysis, we increased the probability
of hydrogen failure by an order of magnitude, and
even for that rather gross parametric assessment
in terms of corservatism, the indications are that
the risk value is changed by no more than a factor
of two.

Q. Under the beta failure mode you quote
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1 a ten to the negative three conditional

2 probability of conditional failure to isolate

3 probzbility. What is the source of this number?

4 A. (Witness Meyer) This number was

5 provided me by the reliability and risk analysis
5 branch within NRR.,

7 Q. Is this the generic number or is it
8 Indian Point specific?

S A. (Witness Meyer) As far as 1

10 understand, it's an Indian Point specific number.
11 Q. Do you know how it was derived?

12 A. (Witness Meyer) No, I do not.

13 Q. Did you explore parametrically the
14 impact of higher probabilities?

15 A. (Witness Meyer) We did not do a

16 formal parametric analysis assuming higher betsa
17 failure mode probabilities.

18 However, it would be my judgment that
19 that failure mode would have to increase

20 considerably for it to start having an imbact on
21 the overall risk at Indian Point.,

22 A. (Witness Pratt) If T could add to

23 that, although Jim said we did not submit a formal
24 analysis, T have done the calculations, and even

25 if you increased that to a probability of one, and
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would not be a main impact.

Q. Under category beta prime the
testimony discusses seismic failure of the
containment,

Did you evaluate the seismic
capability of hatches, such as for personnel and
equipment?

A. (Witness Meyer) For that particular
failure mode, the beta star, we assumed that the
containment fails at the initiation of the
accident, so the question of integrity of the
hatches is irrelevant,

Q. You are aware that the licensees

claim that there car be no direct seismic failure

to the containment?

A. (Witness Meyer) I understand they

recently submitted an amendment to the IPPSS that

claims that, yes,

Q. Have you evaluated that?

A. (Witness Meyer) No, I have not.

A, (Witness Pratt) I haven't, either.
Q. Why haven't you evaluated it?

A. (Witness Meyer) well, first of all,

it's not in my area of responsibility to review
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the seismic portions of the analysis.

Second, it came in too late to have

it formally incorporated into this proceeding, at

least in terms of my containment analysis.

Q. As far as either one of you knows,
there has been no formal staff evaluation of this
matter?

A. (Witness Meyer)
don't know.

Q. But insofar as there are portions of
IPPSS amendment one that would relate to your area
of expertise, you have been unable to evaluate it
because of the late date at which it came in. Is
that correct?

A. (Witness Meyer) If T understood -~

JUDGE GLEASON: Excuse me, Could I
hear that question again, Mr, Blum?

Q. Insofar as there are portions of
IPPSS amendment one that relate to your expertise,
the reason you have not been able to evaluate it
is the late date at which it came in. Is that
correct?

A. (Witness Meyer) Could you clarify
what you mean by that material related to my

expertise?
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1 Q. Well, it would seem that some of the
2 claims in IPPSS amendment one would be in some

3 ways dependent on proper positions about

4 containment integrity and operation of different
5 failure modes in the plant., That's true, is it

6 not?

7 A. (Witness Meyer) Yes, that's true.

8 Q. And in some sense both have you would
9 be rather experts for that material?
10 A. (Witness Meyer) If we were provided
11 with new damage states based on consideration of
12 that amendment, then yes, we could proceed with

s B doing the apnpropriate containment analysis

14 associated with those changes.

15 Q. Do you know why you have not been

16 provided with new damage states?

17 A. (Witness Meyer) Our results, in

18 particular for the beta star failure mode, would
19 be conservative in the sense that if this failure
20 mode is removed the overall risk would be reduced,
21 So in the sense of covering the assessment from a
22 standpoint of conservatism, that analysis has

23 already been provided.
24 Q. Well, I am asking something slightly

25 different, which has to do with a staff evaluation
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on IPPSS amendment one?

A. (Witness Meyer) I do not know all of
the reasons.

As I said before, what we did would
turn out te be a conservative analysis if that
particular damage state is removed, based on the
amendment submitted by the utilities.,

Q. Do you know any of the reasons why
you were not provided with new damage states?

A. (Witness Meyer) The main reason, I
think, is that there was just no time, and it was
felt to be not &2 terribly important issue in
regard to the overall question of risk at Indian
Point.

JUDGE GLEASON: I believe you are
speculating here, Dr. Meyer. Is that correct? I
think your testimony indicated that you didn't
know why, but that you felt that if there was a
reason you felt that it wasn't necessary because
your analysis had already been made. Now, is it
your testimony that you do know why?

THE WITNESS: (Witness Meyer) No.
I would leave it at that,

JUDGE GLEASON: T think he has

2lready responded to the question.
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Q. You are aware, are you not, that the

licensees are claiming rather major reductions in
overall risk based on IPPSS amendment one, are you
not?

A. (Witness Pratt) Yes.

JUDGE SHON: Mr, Blum, I gquess I am
still a little confused. As I understood Dr. Meyer's
testimony he said that IPPSS amendment one claims
a reduction in risks, But his testimony as far as
the testimony before us today simply doesn't allow
for that reduction in risk. It leaves the risk
just the way it was before IPPSS amendment one.
Isn't this true?

THE WITNESS: (Witness Meyer) I
assume you are referring specifically now to the
beta star failure mode, and I made my comments in
that context.

JUDGE SHON: That's the only thing
that has come up. The beta star failure mode is,
in effect, removed in IPPSS amendment one, and it
is not necessary for you to know what the none
damage state is when you don't damage it that way,
simply because you have said it's damaged. Is that
correct?

THE WITNESS: (Witness Meyer)

TAYLOE ASSOCIATES



10
11
12
13
14
15
16
17
18
19
20
21
22
23

". 24

25

That's basically correct,

Q. Were there any other respects in
which you were able to evaluate the significance
of IPPSS amendment one, apart from beta star?

A, (Witness Meyer) Again based on what I
understand the amendment to be, the answer is no.

Q. Do you know whether there are any
other staff witnesses who will have been in a
position to evaluate the significance of IPPSS
amendment one?

A. No, I am not aware of any staff
witnesses.,

Q. Is it the belief of both of you that
there are none?

MS. MOORE: Could we have
clarification of that question? None what?

Q. Is it the belief of both of you that
there are no staff witnesses in this proceeding
whe will have been able to evaluate IPPSS
amendment one?

A. (Witness Meyer) Other than the
information that had been presented before this
board under question one, no, as far as I know,
there are no other witnesses to speak to that

amendment.
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Q. Is there specific testimony that you
are referring to under question one which does
specifically evaluate portions of IPPSS amendment
one?

A. (Witness Meyer) I can't answer that
gquestion until I can get a clarification of the
total content of amendment one. I have only been
talking about the beta star portions, and I am not
familiar in detail with the other components of
that amendment.

JUDGE SHON: Ms. Moore, have we'had
before us staff witnesses who addressed themselves
to the remainder of IPPSS amendment one? It
doesn't raise any image in my mind, and I frankly
don't know.

MS. MOORE: There are no witnesses
who have specifically amendment onre. The only
context, and I, myself, am not familiar with
everything in amendment one, but the only context
where we would considered certification is, for
instance, the bumper between the unit 2 control
building and unit )1 superheater building.

JUDGE SHON: Well, that's certainly
made very clear by your witnesses. I simply didn't

remember whether or not anyone had addressed the
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What is the date of the amendment,
does anyone Xnow?

MS. MOORE: I believe it's scmewhere
early in February.

JUDGE SHON: Thank you. That puts a
good time frame around it for me.

It seems, Mr. Blum, that the staff
hasn't addressed it at all.

Do you intend covering that in any
way?

MS. MOORE: No, sir, T don't believe
we do.

JUDGE SHON: Thank you.

“F. BRANDENBURG: Judge Shon I am
reluctant to interfere, and the last thing I want
to do is testify.

I think there might be some confusion
between addressing amendment one, qua document,
and the uotimate question that we are concerned
with now. The underlying changees to the plan,
themselves, were made in the latter part of 1982,
and documents relating to them were provided to
the Sandia witnesses that appeared before the

Board and various staff witnesses prior to the
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Albuquerque meeting that was held, if nemory
serves me, in October of 1982,

So again T am really not seeking to
testify, T am seeking to clarify what strikes me
as an ambiguity that the changes to the plans that
were imbedded in the licensees' question 1
testimony, and also addressed in the staff's
testimony were made known to and discussed with
the staff while the amendment one that formally
modified the IPPSS study did not mature into a
final product, qua a document, until later,.

JUDGE SHON: In other words, what you
are saying, and 1 appreciate your clarification,
is that although IPPSS amendment one has not been
addressed by any set of witnesses as a document,
per se, nevertheless, the pertinent changes
incorporated into that document, which have been
incorporated in the plan, were addressed by the
Sandia witnesses and the staff witnesses?

MR. BRANDENBURG: Yes. And made known
to them long prior to their testimony.

MS. MOORE: Your Honor, there should
be one clarification. Except for the release
category A part of amendment one, which is the

beta star failure mode, which we have not
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addressed --

JUDGE SHON: With the caveat, then,
that the release category A, beta star, the thing
that we have been talking about, that has not bee¢n
discussed in previous testimony before us. Is that
correct?

MS, MOORE: That's correct.

JUDGE GLEASON: We are getting a lot
of testimony on this record from attorneys, and I
just don't think it's desirable or fair.

I recall a prior discussion about
this amendment in testimony with respect to it,
and issues and claims of unfairness at that time
presented by some of the representatives, and 1
just don't have the transcript in front of me, of
course, to recall it, And I think that there were
gquestions on the part of tie Board asking for any
amendments to any part of the IPPSS study to be
brought forward.,

I think that if you have witnesses
coming up, if you want to respond to these things,
do it through witnesses, and not through your own
testimony, please.

Mr. Blum, back to you.

Q. Beyond assuming that the containment
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fails due to seismic activity, did you do any
analysis of particular mechanisms by which the
containment could fail?

A. (Witness Meyer) Yes, we did. The
containment will receive a certain pressure
history, pressure loading, as well as temperature
history, temperature loading. And based on these
considerations we explored the various containment
failure modes,

We have spent sometime in past
testimony, cross examination, describing the
structural containment analysis that led us to the
conclusion that 126 p.s.i.q. is a good number to
use for our estimate of the failure of the
pressure of the containment.

Q. Did you specifically consider
possibilities of some sort of intermediate failure
between gross structural failure of the rebar and
nothing occurring, no failure?

A. (Witness Meyer) Yes, we did. In fact,
we assumed that below this 126 p.s.i.g. value,
namely at 116 p.s.i.g., that the containment would
fail 50 percent of the time., We did this in order
to take into account the possibility that the

containment would fail in terms of extensive

TAYLOE AESOCIATES



»

L ]

~3

e

10

11

12

13

Pt
o

15

16

&7

18

19

20

21

23

24

g

leakage before it saw the 126 p.s.i.g. pressure,
Q. Did you examine how the containment
fails under seismic loading?
A. (Witness Meyer) The only time we
considered the seismic failure of containment,

that is direct failure of the containment due to

12519

the seismic event, was under the beta star release.

That is release category A.
The assumptions we made there was

that there was such an extensive gross leak or

failure of the containment that the radio nucleide

would be released very rapidly

Q. Did you specifically examine the
mechanism by which the containment fails? For
example, is it the rebar, is it the hatch, and so
forth?

A. (Witness Meyer) The 126 p.s.i.qg.
value is the value that we used for -- that we
have determined to be the point at which there is
extensive yielding of the rebar.

We considered also various other
mechanisms for failure. We have already discussed
at some length the leakage failure that would
ensue from a failure of the liner of the

containment liner at lower pressures.
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There are, of course, penetrations,

and we have considered the possibility of leakage
to these penetrations at lower failures.

Q. I am sorry. I am referring
specifically to the seismic event, where it's the
ground acceleration acting on the structure, and
what T would like to know is whether you performed
any analysis of the mechanism by which containment
fails under those circumstances?

A. (Witness Meyer) I did not perform any

analysis of that.

Q. Does that answer stand for both of
you?

A. (Witness Pratt) Definitely.

g. With regard to page B 2?2 of your

testimony, you stated that you assigned a split
fraction of zero to the event of regaining ac
power for damage state E.
Isn't it true that in other placer of

your testimony you at least imply that there is a
small probability of regaining ac power in time to
effect outcome?

A, (Witness Meyer) You would have to
refer to that specific portion of my testimony.

Q. Well, at this point would you agree
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that there is some small probability of regqaining

ac power?

A. (Witness Meyer) Yes, there 1s some
small probability of regaining ac power,

D All right.

The specific portion of the testimony,
just to clarify, is on page B 22, the second to
the last sentence of the first p:.ragraph, where it
says, "Either power would be restored prior to
correspond uncovery, thereby preventing correspond
degradation, or, if not then the probability of
power restoration-occurring early enough to effect
the outcome of the E damage states is small.,"”

Do you see that?

A, (Witness Meyer) Yes. That's a correct
quote from the testimony.

Q. Is not assigning a split fraction of
zero here & rather optimistic assumption under the
particular factor of damage state E?

A. (Witness Meyer) Well, it would have
two cancelling effects, If you establish
containment cooling, then you decrease the
possibility of pressurization failure resulting
from steam and noncondensible, Otherwise,

restoration of ac power can bring you from an
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inerted containment condition to a deiner;ed
containment condition, and thereby the possibility
of hydrogen burns,

O And isn't it in some ways optimistic
to assign a probability of zero to that event
occurring?

A. (Witness Meyer) This optimistic value
was provided to me by the people that determined
the probability of restoration of ac power, and it
was based on their judgment that we did not

include it formally in our analysis.

Q. Who were the people who provided it
to you?
A. (Witness Meyer) The staff and the

reliability and risk assessment branch.
Q. Thank you.

In your testimony generally a rather
large number of pages are devoted to considering
the risk reduction effects of the staff mitigation
package, were they not?

A, (Witness Meyer) That's correct, yes.

Q. And just for clarification, would you
state what that package consists of?

A, (Witness Meyer) To explore the

question of risk reduction we considered a passive
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coantainment heat removal system, specifically a
heat pipe heat removal system, together with
glowplugs to control the hydrogen burning, and
with the additional requirement of a flooded
reactor cavity to give further assurance that the
basemat would not be penetrated. Those are the
three.

Q. Why did you undertake such detailed
examination of these three and their risk
reduction potential?

A. (Witness Meyer) Because it was our
charter to do so, to explore various candidates
and combinations of candidates to provide that key
element in the decision making process, namely the
risk reduction afforded by such a strategy, or by
individual features,

Q. When you refer to your charter, could
you be more specific about which instructions
these are, and from whom?

A. (Witness Meyer) It evolved fr~m the
designed Indian Po.nt study that we have discussed
previously, starting in December, 1979.

The charter was laid out in a task
action plan that was printed in the winter of 1980,

a copy of which has been provided to all parties.
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Q. In your professional judgment are
there any features of the Indian Point plants or
the Indian Point site that would warrant careful

exploration of mitigation measures for these

plants specifically, apart from having careful

examination on a generic basis.
JUDGE GLEASON: Mr. Blum, would you
please repeat that question?
MR, BLUM: Maybe I should try to
simplify it, too.
Q. In your professional judgment are ‘
there aspects of the Indian Point plants or the
Indian Point site that would warrant detailed
consideration of mitigation features for these
plants specifically, even apart from such f
consideration on a nationwide generic basis? ?
A. (Witness Meyer) I think our ]
conclusions, the staff conclusions, under question
5 are quite clear, that it is our position now to
discontinue pursuit of mitigation specific to
Indian Point in the context of this proceeding,
and to fold th¢ question of mitigation features
into a more generic study of mitigation features
for reactors in general.

Q. Were you aware of those conclusions
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at the time when you did your study, when you

prepared your testimony?

A. (Witness Meyer) We have always been
aware of the possibility. In NUREG 850 it is
clearly indicated that if the determination of the
specific Indian Point study was that there was no
undue risk at Indian Point, that the mitigation
study would not be then singled out for this
particular facility, but would rather be folded
into the more generic long term study of
mitigation features for nuclear power plants,

Q. Were you aware specifically of what
would be said in the Rowesome and Long testimony
with regard to mitigation features at the time you

prepared your testimony?

A. (Witness Meyer) I was not.
Q. In your work did you find the
mitigation effects -- I am sorry, the risk

reduction effects of the staff's mitigation
package to be greater or less than you had
previously expected prior to doing the computer
runs to prepare the testimony?

A. (Witness Mcyer) The risk reduction
values were lower, that is the safety benefit was

less significant, after performing the specific
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analyses, lower than we had first anticipated

based on more general studies that you are
fariliar with,

Q. What had you anticipated based on
those studies?

A. (Witness Meyer) Well, the studies, in
particular studies performed at Sandia National
Laboratory, indicated that the risk reduction
potential from, say, the filtered vent system
would be of the order of ten and higher.

We had no reason to bel.eve otherwise,
although we did know that the initial studies were
less detailed than the ones that we ended up doing
for the Indian Point site.

It was only until we had factored in
the external eviunt fixes and completed our
analysis that we arrived at the values that we
have presented here in this testimony.

Q. Now, by external event fixes you are
referring to those that are covered in IPPSS
amendment one, are you not?

A. (Witness Meyer) The fixes I am
referring to are indicated on page 8 of our
testimony. You will notice that the damage states

are indicated there, the probabilities of the

TAYLOE ASSOCIATES



0

10

11

12

ot
»d

14

15

16

18

19

20

21

22

25

12527

various damage states are indicated there, both
before fix and after fix.

How well those fixes conform to the
amendment one description from the utility, I
don't know.

Q. Well, you are aware that in general
amendment one does deal with reduced seismic
fragility, reduced fire vulnerability, ard
anticipated shutdown for hurricanes, are you not?

A. (Witness Meyer) Yes, I am aware of
that.

My point is that the determination of
the change in the frequencies of damage states
were provided to me by the staff, and I wzs not
involved in whether or not that staff estimation
of reduction was consistent with the utility
amendment one submittal,

Qe Right. But to the best of your
knowledge the data on which the fix was besed was
reviewed neither by yourself nor by any other
member of the staff. Is that correct?

A. (Witness Meyer) All T can say is it
was not reviewed by me.

Q. Thank you.

MR, BLUM: We have no further
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questions.

JUDGE GLEASON: Do you have any
redirect, Ms,., Moore?

MS. MOORE: Could I withhold my
redirect until everyone is finished, Your Honor?

JUDGE GLEASON: If you prefer,

MS. MOORE: 1 prefer.

JUDGE GLEASON: Mr. Brandenburg, or
Mr. Colarulli?
CROSS EXAMINATION BY MR. BRANDENBURG:

Q. Gentlemen, I would first like to
start with page 3 of your testimony, and you
indicate there that you analyze plant damage
states using the MARCH computer code.

Could you tell us which version of
the MARCH code you employed?

A, (Witness Pratt) MARCH 1, part 1.

Q. Now, on the next page of your

testimony, page 3 B 4, you state that you assumed

12528

that containment isolation would not occur, one in

one thousand, that is ten to the minus three,
times due to the fact that building penetrations
were left open.

What was the basis for that

assumption?
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MS. MOCRE: Your Honor, that's asked
and answered,

JUDGE GLEASON: Let him answer,

A. (Witness Meyer) As I mentioned
earlier, that number was provided to me by another
group at NRC,

It was determined based on generic as
well as specific characterist.cs of the Indian
Point containment isolation capability, as I
understand it,

Q. Are you aware, or were you provided
information by those persons on the staff with
whom you discussed this subject, the
instrumentation available to the operators in the
control room indicating the isolation status of
the containment at the Indian Point plant?

A. (Witness Meyer) Ne, I was not,

Q. I would like to just ask you a few
questions on the containment failure point
assumption which you were asked &bout by Mr. Blum.
I think it would be useful if you would turn to
page 3 B 20 of your testimony.

Now, referring to the array of
probability of failures set forth on that page,

what would the effect on the damage states which
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you develop in your testimony be if 126 pounds
P.S.i.9. was assumed to be the mean value of
failure, rather than the 116 indicated?

A. (Witness Meyer) It would have two
effects. The over pressurization and failure would,
in terms of net effect, occur later in the
accident, and several of the hydrogen burn failure
modes assumed would no longer be present because
the failure pressures would not exceed the higher
containment failure pressure,

Q. And as & result of such an assumption
the frequency of containment failure would be
reduced. Is that correct?

A. (Witness ieyer) If the same 5 p.s.i.
standard deviation value was maintained, yes,

that's correct.

L)

. Now I am going to ask you a slightly
different question about the same approach, and
that is what would be the effect on damage
statements if 126 p.s.i.g. was assumed to be the
lower bound, that is the minus 2 sigma, which in
your testimony here you assume to be one of 6
P.S.i. I ask you to assume it's 126 p.s.i.g.?

A. (Witness Meyer) Well, it would be

similar to the effect I just spoke to. The
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1 overpressurization failures would occur later, and
2 we would have fewer hydrogen burn failures, the

3 net result being a lower probability of

4 containment failure.
5 Q. Now, the staff's analysis of the
6 containment failure modes at Indian Point

y containment determined, did *“hey not, that 126

8 P.S.i.q. is the onset of yielding, rather than the
9 actual point of gross failure of containment. Is
10 that correct?

11 A. (Witness Meyer) It's the point at

12 which there is extensive yielding in the rebar.
13 Yes.

14 Q. Now just, Dr. Meyer, to tie this up
18 with some earlier testimony on this subject, I am
16 correct, am Y not, that 126 p.8.,1i.9. 18 the

17 equivalent of 141 p.s.i.a.?

18 A. (Witness Meyer) That is correct.

19 Q. My next question relat~s to page 21
20 of the testimony, the parenthetical sentence

21 starting on line 4 of that page, in particular.
22 Now, as I understand it, your

23 evaluation assumes the presence of water in the
24 cavity at the time of vessel failure for the L F

25 damage state, and as T look at table 3 B 1, on
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page 3 B 9, I am informed that that
is one in which the fan coolers are
operational, Is that correct?
A. (Witness Meyer) That's
Q. Now, returning to page
on to state that water might not be
the EFC damage state.

And returning again to
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damage state

assumed to be

correct.
3 B 21, you go

present for

the table 3 B

1, I see that that damage state is one in which

both the sprays and the fan coolers

operational.

are

My question is if water would be

present under the LF damage state when the fan

coolers are operational, why would similarly the

water not be present when both the fan coolers and

the sprays were operational?

A. (Witness Maoyer) The L signifies a

late core-melt. In the recirculation mode you

have had the opportunitv during the

of injecting the total inventory of

invection mode

the refueling

water storage tank into the containment sycstem,.

This virtually guaranties a flooding of the

reactor cast prior to vessel failure.

For the EFC, where we have an early

melt, and failure of invection, the

fans can keep
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the pressures low for a considerable period of

time, thus not permitting the sprays to come on
until later, so we are not guaranteed that
substantial amounts of refueling water, storage
tank water, has entered the containment,.

Therefore we didn't think that we would have the
same guaranty of extensive cavity flooding at that
particular damage state,

Perhaps Dr. Pratt would like to
comment further on that.

A. (Witness Pratt) The only additional
comment I would make is that at the point of the
vessel failure, when we do get a large pressure
rise, at that point the containment sprays are
actuated, and they would be actuated as in Three
Mile Island when there was a hydrogen burn.

But here we are talking about water
being. It's a kind of an intermediate stage
bhetween an E damage state where a good deal of the
water that is available is in the atmosphere in
the form of steam. We need to take most of the
available water inventory and put it into the
containment building to build up the pressures.

For this case you would have a

condensation of some of that water, so rather more
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water available than the E damage state, but,
again, not the vast amount of water that is
associated with the refueling and water storage
tank.

& Now, at the Indian Point plants are
you aware that any electrical cables inside
containment are not necessary to maintain spray
operability due to the fact that certain pumps
that would maintain spray operability are located
outside the containment?

A. (Witness Meyer) There are
recirculation spray pumps located outside the
containment, And I believe I mentioned that it was
my perception that for the sprays, there very well
may not be cables that would see 2 hydrogen burn.

Q. Now, in particular with the RHR and
the residual heat removal pumps, are you aware
that at Indian Point those pumps are located
outside the containment?

A. (Witness Meyer) I am aware that one
of the two sets of pumps are located outside the
containment. I don't specifically remember whether
it's the RHPR pumps.

Q. And these pumps would be available to

maintain operability of the sprays?
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A, (Witness Meyer) They, yes, that's
correct, And it has been pointed out quite
correctly that that is a feature of the Indian
Point containment that is very positive in that
respect.

Q. The operation of these pumps outside
of containment, and their maintenance of the
sprays, would therefore be unaffected by
considerations of hydrogen and combustion
occurring inside containment. Is that correct?

A, (Witness Meyer) That's why T said
that statement early year, that I felt the
containment sprays would not be affected by
hydrogen burns.

Q. With respect to the cables,
themselves, turning to the egquipment that is,
indeeéd, inside the containment, are either of you
aware of any tests that have been performed which
demonstrate that the electrical cables ignite in
the presence of hydrogen combustion when the
concentration of hydrogen is in the 4 to 14
percent range that you mentioned earlier?

A. (Witness Pratt) I can't give you a
reference on that.

The consultant that we had working in
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this area did give me a report in which he noted
some of these experiments. They were done, I
believe with fracturing.

Q. And do you recall whether there was
any demonstration of ignition of cables in the
presence of hydrogen combustion in that
concentrate range?

A. (Witness Pratt) Well, T don't believe
they presented hydrogen combustion calculations.
They subjected the cables to a thermal radiation
field.

I might add that this was not over
the -- T would have to get you the report, It was
for a2 range of cable materials that he did his
studies. Some materials were better than others
at resisting the effect of ignition under these
circumstances. T don't know what particular
composite of materials there are at Indian Point
containment facilities.

Q. Now I would like to turn to the
subject of the amount of hydrogen that would be
generated in the event of various assumed
core-melt sequences.

As I understand your testimony, you

have assumed that one hundred percent of the

1
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zirconium in the reactor vessel would be oxidized
due interaction with the draining of the water and
so forth. Is that correct?

A. (Witness Pratt) That's correct,

Q. And you made this assumption for all
scenarios in which you were modeling core-melt
sequences., Is that correct?

A. (Witness Pratt) Yes.

Q. Now, did you evaluate the different
scenarios to ascertain whether some might be
subject to greater oxidation than others?

A. (Witness Pratt) Yes, we did.

Q. And what was the basis for your
decision then to assume complete zircloid
oxidation in all scenarios?

A. (Witness Pratt) The assumption we
talk about in the testimony of one hundred percent
zircloid reaction really is a mix in terms of the
amount of hydrogen we could imagine produced
during the core-melt down progression within the
reactor vessel,

We would include in that estimate of
around two thousand pounds of hydrogen a certain
factor coming from *he external, a relatiﬁely

small amuunt, around 10 percent., It could be
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rather loosely described in the testimony as a
hundred percent zircloid reaction.

What we are really talking about is
during a core-melt down event within the reactor
vessel we see the potential being produced from
both steel and ovidation reaction on the order of
two thousand pounds of oxygen. We could then =---2
thousand pounds cf pressure being produced ex
vessel by oxidation of the steel.

Q. But these were assumptions, is that
not a fact? In other words, they were not your
best estimates?

A. (Witness Pratt) No, they would be, in
my opinion, the best estimates that we could do at
this stage. There are estimates that are out in
the literature that oxidize considerably more
hydrogen, for example. We felt they were
inappropriate. That is why we chose three thousand
pounds.

Q. You used the MARCH 1.1 1 code to do
this. Is that correct?

A. (Witness Pratt) Yes.

Q. Mr. Pratt, are you aware that the
MARCH 1.1 code has been criticized for a number of

assumptions which it makes, and superseded in many
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A. (Witness Pratt) Very much so. In fact,
we were highly instrumental in criticizing March
l1.1. I gave an extensive presentation in front »f -
the ACRS on that., We participated in the Saniia
review, and in addition to that we also providcd a
very large number of the modifications to the
MARCH 1.1 that were provided to Patel Columbus.

At Brookhaven, and we are involved
very heavily at present in a very heavy peer
review of March 2. So I am very fully aware of the
developments.

Q. Are you aware that the authors of the
IPPSS study performed a physical assessment of the
amount of hydrogen that would be generated
according to the MARCH code, and reached the
conclusion that with respect to the quantity of
hydrogen that would be generated, that the March
1.1 code yielded erroneous results?

A. (Witness Pratt) I am, and in the
testimony I believe we discuss in detail why I
believe that that particular conclusion was, if
you like, a limiting calculation,

This was brought up by Mr. Blum in

his cross examination,
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Q. Now, in connection with your
testimony did you perform any independent analysis
of the extent of oxidation that would occur?

Did you do any modeling personally, or =--

A, (Witness Pratt) Personally, no. People
in my group at Brookhaven have done, and, indeed,
some of the modifications that we did provide to
Patel Columbus allowed for more gradual
interactions between the core degree of water
which resulted in rather more benign pressure
rises, how it maintains to correspond materiality
at a relatively hot temperature which allows
oxidation to occur on a longer time frame.

The assumpticn that was made in IPPSS
was that the convection results would be rather
rapid, and as the temperature comes down rapidly,
there would not be time -- so in some ways the
models that we incorporated into the MAFCH code
did allow for longer times to oxidize the metal.
They also resulted in longer periods before
potential failure of the containment building from
this model.

Q. Now, let's move on from the zircloid
to the lower internals. On the top of page 3 B 13

you talk about the one hour in which the core
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materials would fall the bottcem of the pit and
cause a vessel failure.

Can you describe for us, and I don't
mean to limit this to either of you, can you tell
us how, under your modeling assumptions, the
varssel bottom would fail?

A, (Witness Pratt) Yes. The calculations
that is done, that is internal to the MARCH code,
it looks at the loadings on the bottom of the
reactor vessel in terms of the dead weight of the
core materials, the internal pressure of the
pressure vessel relative to the outside
containment atmosphere. So there is a delta P
effect,

And also the thermal degracdation of
the head, and we are talking about a gross
degradation of the bottom of the vessel,

Q. You are aware that the authors of
IPPSS assume that the initial failure of the
vessel would occur at certain weld points and at
certain instrument thimble entries, and so forth,
in the lower vessel. Is that correct?

A. (Witness Pratt) Yes.

Q. In connection with your testimony did

you evaluate the liklihood that such localized
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failures would initially occur?

A. (Witness Pratt) Only in a parametric
fashion. In other words, we assumed one can tell
the MARCH code to fail and the vessel had
immediately, and do the calculation that way.

But, indeed, for certain high
pressure cases, for the E damage state, where we
don't induce the failure of the coolant pumps, for
instance, where we maintain the primary pressure
high, then even the MARCH code predicts a very
rapid failure of the vessel under those
circumstances.

Q. If the localized failure of the
vessel as modeled in IPPSS were to occur, what
effect would that have on the amount of hydrogen
contribution from the steel, itself?

A. (Witness Pratt) It would reduce the
amount of steel that was available in the reactor
cavity to oxidize and produce hydrogen, simply
because you are not melting the entire bottom of
the reactor vessel., That mass is about fifty
thousand pounds of steel,

Q. Mr. Pratt, would the rapid failure
that you refer to in your most recent answer

affect the amount of hydrogen generated in the
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vessel, do you recall?

A. (Witness Pratt) In the vessel?
Q- Y(?S. In ==
A. (Witness Pratt) Yes, it would reduce

the amount of steel available that the core
material would be in touch with the water in the
bottom of the vessel.

Q. With the result of lesser generation
of hydrogen, is that correct, in the vessel?

A, (Witness Pratt) Yes.

Q. Centlemen, let's turn to the subject
of water, if we may, 2nd while we are on page 3 B
13 T would like to point you specifically to the
last sentence in the first full paragraph where
you state, "However, there is not sufficient water
available in the cavity to bring the core debris
into thermal equilibrium.”

And this is a subject that you
revisit in much more detail, T guess starting on
page 3 B 52 and thereafter.

My first question is, assuming the
full quantity of core materials in the cavity --
well, let's get some numbers out here.

How many pounds of uranium materials

would you expect to find in the cavity assuming a
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complete melt, approximately? And my next
question will be how much water?

A. (Witness Pratt) I know exactly the
amount of water. It's 200 thousand pounds of water.

Q. So your analysis, let me include,
then, that 200 thousand pounds of water would be
needed to quench the core., Is that essentially
correct?

A. (Witness Pratt) That's correct. And
that corresponds to the total amount of water in
the accumulator tanks.

Q. Now, prior to the addition of the
accumulator water, how much water did you
calculate would be available merely from the
primary system, by itself?

A. (Witness Pratt) This we dealt with
somewhat parametrically. We were not sure how much
water would be held up in the sumps and the floor.
There is a lip around the entrance into the
reactor cavity and there is a potential seen for
holding water in the sump and a considerable
amount of water on the floor.

The way we looked at the calculation,
and this is something one can do by hand, which

makes it rather reassuring, is to take all of the
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water available in the primary system, about six
hundred thousand pounds of water, without 200
thousand pounds of water, and calculate the amount
of steam that is necessary in the containment
building to reach 140 p.s.i., and, lo and behold
the two _ust about balance out.

So we felt that it was something of a
stretch of imagination to assume that all of that
water would get down into the cavity to mix with
the core debris to get back up into the building.
That's why we came to the assumption that for
these E damage states there would be limited water
available.

Now, the IPPSS assumes that we run
out of water about the time of containment failure.

My thought is it would most likely be
held up in the sump so that's really vhy we end up
with a different assessrment of the amount of water
that might be available to these damage states.

Qs Now, we can agree, can we not, Mr,
Pratt, that if you have the total amount of water
in the primary system, plus the temperature
pressure of the environment, that it's a rather
easy calculation to apportion that water between

steam on the one hand and liquid that would be
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. 1 available to the cavity on the other hand, Is that

3%}

generally correct?

3 A. (Witnes  Pratt) I think that's what I
4 just said.
5 Q. All right.,
5 Now, at the point in your analysis in
7 which you were addressing whether or not there
8 would be quenching of core materials at that point
9 in the progression of the accident sequence, what
10 assumptions did you make as to the temperature and
11 pressure that would be present in the containment
12 environment?

@
1.3 A. (Witness Pratt) At this time there is
14 arour 1 about -- that's given on page B 12, We are

15 talking around about 60 p.s.i.

16 Q. And what is the temperature in the
17 containment environment?
18 A. (Witness Pratt) It would be at
19 saturation corresponding to 650 p.s.i.
20 Q. Now, let's move on from the mere
21 availability of the primary system water, and look
22 at the accumulated water.
23 Under what circumstances did you
. 24 assume that the accumulator water would be
25 available?
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A. (Witness Pratt) Under all
circumstances.

Q. And when you added that water to the
amount of water that was available from the
primary system, d4id you ;xceed the 200 thousard
pound threshold that you referred to at that point?

A. (Witness Pratt) I guess I am confused
at your question. Could you repeat that?

Q. Well, when one assumes the presence
of both the primary system water and the
accumulator water do you exceed or not exceed the
200 thousand pounds of water which you indicated
was required to guench the core?

A, (Witness Pratt) Well, it's sequence
dependent. As I said before, you require about 200
thousand pounds of water to quench the core debris.
That corresponds exactly -- not exactly, actually
the quantities of about 170 thousand pounds in the
accumulators, and you really need but 200 thousand
pound to quench. You get 5§ hundred thousand pounds
from the primary system, so yes, there is more
than enough water in the primary system, assuming
it's available in the cavity, to completely quench
the core.

Q. Let's turn to page 3 B 20 of your
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testimony.

In light of what you just said, Mr.
Pratt, could you explain to us why, under the E F
version, which if we turn to table 3 B 1 we see is
early core-melt fan coolers operational, that
under that damage state a split fraction for the
quenching was «0127?

A. (Witness Pratt) Well, T think this is
one of these split fractions that if we had it to
do over again we would have changed it. It's not a
very large impact. We did a very detailed
sensitivity study looking at the impact of that,
and it isn't large.

Going by the discussion that I have
just given you, I think we would go by, and I
would believe, the E volume, which is .01, and the
EF would be somewhere in between, probably more
appropriately somewhere around 0.5.

This was the first test we did, and
in going through it in terms of the water
available a2 better estimate would have been .5. We
did that calculation with .5 and found there would
be absolutely no impact at all.

Q. Now, given a more recent analysis if

the water would be available, I would like to ask
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you the same question with respect to the EFCC
sequence listed.

Only 3 B 1 is an early core-melt
damage state in which both the fans and sprays are
operational. And you use a frequency of.9.

Would your answer be the same
generally as with respect tn the EF sequence?

A, (Witness Pratt) Yes, that would be
true., As I say, we have put these things in the
containment of entries, and one of the nice things
about it was there was not the sensitivity to risk
that one would expect.

Q. And these split fractions referred to
on page 3 B 20 of your testimcny were developed
using the parametric analysis. Is that right?

A. (Witness Pratt) No, they were based,
I believe, upon the type of discussion we have
been having now. From our knowledge of the amount
of water that is available, from the types of
sequences that are going into these damage states,
we came up with these split fractions. We can
vary these values around parametrically, and we do
that, and we get very little impact on risk as a
result of it.

Q. Now, in those damage states where the
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fan coolers are operational would you agree that
given the configuration of the Indian Point
containment that if there were debris in the
cavity, and the fan cooler units were operational,
that water would be continually supplied to the
containment floor from condensation from the fan
cooler units, and that that water would spill into
the cavity?

A. (Witness Pratt) I think there is a
reasonably good potential for that. Certainly not
as good a potential as for the EFC damage state,
where you would have refueling water storage tank
water also into the cavity.

Q. Now, in those scenarios where the
refueling water storage water contribution was not
assumed to be present, and just looking at those
scenarios for the moment, in your analysis did you
perform any sort of mass balance a: alysis of the
delivery and distribution of the water? I am
talking now only about the primary system and the
accumulator water.

A. (Witness Pratt) Yes. As part of MARCH
analysis, the MARCH code calculates the amount of

ccndensate that is available and then how much

could be held up in sump, and the remaining water
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would be relocated into the reactor cavity.

Doing that type of analysis you can
get an idea of how much water is available. But
it's a matter of how much you assume will be held
up in the sump.

Q. Now let's turn to the scenarios where
the contribution from the refueling water storage
tank would, in fact, be available.

Of the various scenarios which you
evaluated in your testimony, when would the
refueling water storage contribution not be
available? That is in what situations will you
have only the accumulator water on the primary
system water?

A. (Witness Pratt) For the E damage
states and for the damage states EF. All of the
sequences would eventually have refueling water
storage tank water.

Qa Well, in the EF state, where the fan
coolers would be operational, I guess I was
unclear as to your answer, Mr. Pratt, about the
delivery of condensation from the containment
atmosphere from the fan coolers to the cavity.

Could you try once more to explain to

us what assumptions you are prepared to makes about
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the delivery of water to the cavity from
condensation from the fan coolers?

A. (Witness Pratt) I think that I said
that there is a good potential for the recycling
of the condensated water into the cavity under
these circumstances.

Q. Now, let's move to those situations
where we do have debris in the cavity, and we do
have sufficient water from whatever source over
the debris.

What assumptions did you then make
about the coolability of the debris bed in your
testimony?

A. (Witness Pratt) If it's flooded we
would assume that there is about a 90 percent

chance that it would be coolable, and that there

12552

would be a 10 percent chance that there would be a

basemat penetration.
JUDGE PARIS: I didn't hear that.

A. If it's flooded we would assume that
there is about a 90 percent chance that it would
be coolable, and that there would be a 10 percent
chance that there would be a basemat penetration.

Q. Now, what would be the phenomenoclogy

of the 10 percent, if you will? Under what
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circumstances did you presume that although water
was present, that, nonetheless, the debris may be
not coolable, and there would be a concrete attack?

A. (Witness Pratt) There is a very
detailed discussion on this in NUREG 850, There is
experimental evidence, albeit on a small scale,
that indicates core material might pass into the
cavity, not mix with the water, that there might
be a crust formed between the core debris and the
water, that these crusts are porous, and that
gases released from the concrete could be released
through the crusts into the atmosphere, and there
would be essentially a separation of the molten
core material.

Now, these were done in Germany by
Pease, 1 believe. That is assuming the water is
heaving no effect on the core material.

Consultants to the NRC felt that the
stability of crust over a large éerea was in
question, and certainly on the scale that we are
talking now. So there was a feeling that this may
relate to the transition phase, but that the crust
would break up and water would eventually get in
and cool it., And that's why during this transition

phase we allowed about half an hour for the core
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material to cool than calculated, and that's where
the additional thousand pounds of hydrogen came
from.

I1f we assumed, as was done in the
IPPSS, that the cooling occurred very rapidly,
then we would get much higher pressurization, but
very little hydrogen produced.

Q. Do you recall what assumptions the
IPPSS study used?

A. (Witness Pratt) I think it was ,9999.,
Four nines, I believe,

Q. Now, just to give us some frame of
reference on this crust --

A. (Witness Pratt) That's my
recollection. I could be wrong.

Q. Just to give us to frame of reference
on this crust phenomenon that would lead to
possible noncoolability, notwithstanding the
presence of water, Mr, Pratt, wha: was the size of
the crust that was modeled in the German studies
that you referred to?

A. (Witness Pratt) You are getting into
rather detailed assessment.

Q. Well, T am driving at the

translatability of the small scale experimental
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data that you refer to in the 10 percent
assumption that you made ih your testimony, that
notwithstanding the presence of water there might
not be a cooling. Could we have some appreciation
for how translatable these small scale tests would
be for a full scale situation?

A, (Witness Pratt) I think T already
testified that because of our concerns regarding
crustability, that's why we gave a relatively high
percent, 90 percent, they would be coolable.

C. What would be the various reactions
that would occur that would tend to break up any
crust? Would the release of o.ygen from the
concrete reaction tend to -~

A, Well, the gases are C02, water, and
they are reduced as they pass through the melt to
hydrogen and CO.

We have at the Indian Point facility
basalt concrete, so there is little CO produced,
so we are talking about primarily water which is
reduced to hydrogen.

Yes, the blewing rates certainly
would assist the breaking up the crusts,.

Also simply the spans over which the

crust is existing would tend to break it up also,
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or would have to exist,
Q. Gentlemen, I would like to ask you a
few questions about page 3 B 33 of your testimony

JUDGE GLEASON: Mr., Brandenburg, how
much more cross examiring do you have?

MR. BRANDENBURG: There is
considerably more, Mr. Chairman. We have to get on
to the new medication features discussion.

JUDGE GLEASON: I suggest we take a
ten minute break.

MR, BRANDENBURG: Thank you, Mr.
Chairman,

(There was a short recess,)

JUDGE GLEASON: I1f we could proceed,
please?

JUDGE CLEASON: Go ahead, Mr.
Brandenburg.,

MR. BRANDENBURG: Thank you, Mr.
Chairman,

Qe Centlemen, before our previous recess
I was about to ask you a series of questions
rel"ting to pages 3 B 32 through 35 of your
testimony in which you model the E, EFC, OF and EF
damage states,

Let's start with page 3 B 32, which

TAYLOE ASSOCIATES




12

13

14

15

17

18

19

20

21

22

23

24

25

12557

is the E accident sequence or damage state, and
that is one in which there is an assumed early
core-melt with no containment cooling. And my
question is a when question, not the whether
question,

At what point in time in the
progression of the accident sequence do you assume
that there would be a breach of containment for
this sequence?

A. (Witness Meyer) For the over pressure
indication failure mode?

Q. Yes. Damage state E, which is early
core-melt with no containment cooling.

A. (Witness Meyer) For the over pressure
indication we have used the value of 13 hours time
to containment failure.

Q. That's 13 hours counting from what?

A. From the scramble of the reactor
starting the accident,

Q. Now, turning to page 3 B 33, this is
the accident sequence EFC which you described as
early core-melt with both sprays and coolers
operational.

I understand from my review of page 3

B 33 that you have a no fail determination of
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approximately 80 percent. And my question relates
to those 17 percent of the instances in which
there is a failure by basemat penetration, and my
question is when do you assume that would occur,
how many hours after the start of the accident
sequence?

A, (Witness Meyer) Three days.

Q. And how about the over pressure
indication category F, on page 2 B 33, which, as I
understand it is an over pressure indication
failure to which you accord a 3 percent 1liklihood?

A. (Witness Meyer) This is release
category F, and if you turn to page 25 the
estimated release time for that, failure time for
that, is three hours.

Q. All right, Maybe we can save some
time.

These various release categories E
and H are the release times 211 as shown on page 3
B 25 independent of whether the sequence you are
concerned with is an EFC sequence or a F sequence
or an EF sequence?

L. (Witness Meyer) Could you repeat that
question again, please?

Q. Well, we finished with the E sequence,
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i 1 which was 3 B 32. We are now at the EF sequence,
2 and I think we have established that the category
3 F release, the time of release would be as shown

4 cn page 3 B 2?5, And I think you indicated that the
5 basemat failure mode which is category H was three

5 days, and 1 see that also on page 3 B 25.

20 time was sufficiently long that going into any

7 My question is is the H category
8 failures for the remaining sequences, sequences LF,
9 as shown on page 3 B 34, and sequences EF as shown
10 on page 3 B 3%, similarly the times shown on paje
11 3 B 25 for tlle category H release?
" 12 A. (Witness Meyer) That is correct.
®
13 o 8 Se, in effect, your analysis, the ‘
14 time of release, as long as you are concerned with ‘
15 the category H basemat type release, that the
16 timing of that failure is independent of whether ‘
17 or not you are dealing with a LF sequence or a EF ‘
18 sequence, things of that sort. Is that correct?
19 A. (Witness Meyer) Yes., The period of

21 details regarding variations on that three days

22 was considered to have negligible importance.

23 Q. Now turning to the EF sequence as
r‘ 24 shown on page 3 B 71, and I suspect this is a
25 question for you, Mr, Pratt, on the basemat
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failure category H in the sequence, if I
understand page 3 B 13, your analysis accords that
in the before fix mode as having a frequency of
approximately 17 percent,.

What is the phenomenology that would
lead to the 17 percent assumed frequency of
basemat failure, given the assumption that both
the sprays and coolers were operation21? 1Is this
this encrustation phenorenon that we were
discussing before the break?

A, (Witness Pratt) You really have to go
back to mode 4 on that graph, and look down and
see that for 10 percent of the time you assume the
cavity could be dry. And we assume there would be
a 90 percent chance of basemat failure for that
sequence., You have to follow through the lower
branch of that tree.

If you assume the cavity is flooded,
going in the upper direction. Then you have a 90
percent of no fail and a 10 percent chance of a
absemat failure,.

The net re<ult is when you add the
two together you come up with about 17 percent.
Half of that is coming from the assumption that

there would be some emptied water in the cavity
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for that case

Is that clear?

Q. I think so.

Now, turning to page 3 B 34, which is
sequence LF, which, as I view table 2 B 1 is late
core-melt with fan coolers operational, you have a
basemat failure occurring approximately 9 or 10
percent of the time.

Can you tell us what the
considerations were that lead to basemat failure
under those circumstances?

A. (Witness Pratt) Again I think I am
repeating myself, If you go to note 4, which
assumes the cavity is flooded, we went through
that.

For that case we then assume that 10
percent of the time there would be a potential for
basemat failure, even though the cavity was
flooded and the core debris was flooded, and
that's where the 10 percent comes from.

Q. Just to hit the last table, which is
3 B 35, where, in the EF sequence, which is the
early melt with only the fan coolers operational,
your analysis indicates a basemat penetration

occurring approximately 79 percent of the time,
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what are the considerations that contribute to

that?

A, (Witness Pratt) Again, this is the
sequence that we discussed earlier, where perhaps
we would have changed. We have a 99 percent chance
at note 4 of a dry reactor cavity and a one
percent chance only of it being flooded.

We would have to give that a 50-50
percent chance now, of the best estimates of
flooding of the cavity, so that would bring down
the basemat failure mode by that ratio, by about a
factor of 2.

As I said, we have made that
calculation and made those changes and have found
that it does not influence risk.

One further point, I may have said
it correctly, I may not in the testimony, but I
would like to clarify it for the record.

You specifically asked me for which
damage states do we assume that the refueling tank
storage water never goes into the containment
cavity. It is for damage states E and EF. Somebody
thought they heard me say LF. It is E and EF.
Those are the only two damage states.

Q. Now, would it be fair to say for
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those sequences in which you model basemat
penetration, the frequency of the basemat
penetration is to a large extent due to this lack
of debris coolability which we discussed earlier?

A, (Witness Pratt) Yes,

5 And that, in turn, the assumptions
that one makes about debris bed coolability are
dependent on how one models this encrustation
phenomenon that you mentioned earlier. Is that
correct?

A, (Witness Pratt) Yes.

Qs Centlemen, one question before we
move onto the mitigation strategy, and this
relates to the assumption about the containment
leak rate, and this appears on page 3 B 5 of your
testimony.

Looking a2t the last paragraph on that
page, I understand that you assume & heat rate of
one percent per day. My question is are you aware
of what the leek rate is that is set forth in the
FSAR of the Indian Point units?

A, (Witness Meyer) The levak rate, I
believe, is 0.1 percent per day.

Q. And why did you, in connection with

your analysis, elect to increase that leak rate by
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a factor of ten?

A. (Witness Meyer) Because we were, on
virtually all of these accident sequences, well
beyond the design basis in many respects, and we
thought it prudent to increase the leakage rate by
an order of magnitude. We checked out the impact
of that on risk, and as T think has been made
clear in the testimony, even at that one percent
per day leak rate, the impact on risk is
negligible.

Q. Now, moving on to the subject of the
mitigation features, one initial question to put
this in context. Do either of you gentlemen know a

Mr. Robert Benaro?

A. (Witness Meyer) Yes, 1 do.

Q. Mr. Pratt?

A. (Witness Pratt) Yes.

Qe Are you aware that Mr, Bernaro will

be testifying next in this proceeding?

A. (Witness Meyer) Yes, I am aware that
he will testify after us.

Q. You are aware, are you not, that the
subject of the appropriate source curves to use in
evaluating the risk at the Tndian Point units has

been an issue in this proceeding?
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A, (Withess Meyer) Yes, I am aware of
that,

Q. Now, the modeling of mitigation
features which you make in your testimony makes
what assumptions about source terms? I am not
seeking detail precision here, but just some
general description of the source terms that are
presumed in your analyses?

A. (Witness Meyer) We used the same
hasic approach a2s WASH 1400,

Q. Now, would you agree that to the
extent one were to use lower source terms, that is
to say assume that the amount, frequency, and mix
of radio neucleides that would be released to the
environment in the event of a severe accident,
would be less, that such assumptions would
similarly reduce the potential benefit from any
mitigative features?

A. (Witness Meyer) I could not draw that
general conclusion at this time,

Qe In what situations would that not be
an appropriate conclusion?

A. In what situations?

Q. Under what circumstances?

JUDGE PARIS: Excuse me. I am not
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sure the witness understands the question. You
said would not be, you said would be.

Q. You used WASH 1400 source terms, you
assume a given quantity of radioneucleide release,
and you then go on to evaluate several devices
that in case of a filtered vent would diminish the
release, in the case of certain other devices
would either preclude a failure and release or
substantially delay a release in terms of the
point in time it occurs.

My question is to the extent that one
would reduce the source term, that is the amount
of radioneucleides that one assumes would be
released, would that rot similarly reduce the
potential for any of the mitigative features?

A. (Witness Meyer) Each individual
accident sequence would have to be considered
separately.

I would not state that it would
diminish the effective mitigation features if one
considers mitigation of early containment failure.

On the other hand, the later the
containment failure, the less attractive these
mitigation features will become in terms of risk

reduction,
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Qe If one lowers the source term?
A. (Witness Meyer) That's correct.
Q. Now, a reduced source term, then,

would diminish the potential benefits flowing
from the heat pipes and the flooded cavity
features, those both being ones that address the
latent overpressurization failure primarily; is
that correct, Dr. Meyer?

A. (Witness Meyer) That's basically a
correct statement, yes.

Q. Now, when you were, Dr. Meyer,
appearing before the Board some weeks ago, we
discussed the so-called UCLA study of the
mictigative features which you address in your
testimony. I believe that's NUREG/CR-1666,

A, (Witness Meyer) That's correct.

Q. Since that time, a copy of that
document has been supplied to the parties, You
are familiar with that document, aren't you?

A (Witness Meyer) Yes, I am.

Q. Now, 1f I understood your answers to
some of Mr. Blum's questions earlier, subsequent
to the time tnat this NUREG was prepared and
subsequent to the time that you prepared your

testimony that's before the Board at this time,
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evaluation by the NRC Staff of

whether or not such mitigative features should be

recommended for installation

proceeding; is that correct?

A, (Witness Meyer)
Qe Now, were you a
A, (Witness Meyer)
Os Now, turning to

in particular,

perhaps, just one brief

in the Indian Point
Yes; that®s correctq s
party to that process?
1 was.

Yes,

the UCLA study and,

it's discussion of the heat pipes,

introductory question:

Could you describe for us the basic purpose and

construction and function of

A (Witness Meyer)
is a closed-pipe system that
fluid. It can be thought of
parts.

evaporator portion,

and thus removing

The part inside the containment

heat from the

these pipes?

Yes. The heat pipe
contains a working
as being in three

is the

evaporating the working fluid

containment by

condensation of water vapors on the outside

surfaces of the heat pipe.

This vapors is then driven by a

pressure differentiation through the transition

portion which
wall and out

vaper is condensed to water,
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inte the atmosphere.

The water then, either through a
gravity feed or through a wick arrangement flows
back down into the evaporator portion inside the
containment.

By this process, heat is removed from
the containment by a system that's completely
sealed and is completely passive.

Q. Now, just so we are clear, Dr. Meyer,
this particular system is among those mitigative
systems which the Staff included not to recommend
for installation to the Indian Point Units; is
that correct?

A. (Witness Meyer) That is correct, yes.

Q. Now, have such heat pipe devices ever
been tested in any prototype testing or design
demonstration program?

A, (Witness Meyer) In connection with
what application?

Q. In connection with their use in a
nuclear power plant.

A. (Witness Meyer) Not to my knowledge.

Q. Would you think it would be fair to
characterize the discussion of heat pipes .

contained in the UCLA study as a preliminary
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investigation?

A. (Witness Meyer) I think that would be
a fair, general comment, yes.

Q. Now, given the requirements of heat
transference, in order for such devices to be
effective in a presumed postcoremelt environment,
what would be the -~ well, let me ask it mcre
directly.

wWhat was the wall thickness of the
heat pipes that was evaluated in the UCLA study?

A. The UCLA study, I believe, had a heat
pipe thickness of three millimeters.

Q. Now, based upon your knowledge of
such devices and nuclear technology, would you
think it fair to say that there would be major
design problems that would be encountered in
trying to seismically qualify pipes with three
millimeters' thickness?

A. (Witnhess Meyer) I don't =--

Q. And extending some hundred feet out
into the outside of the containment and so forth?

A. (Witness Meyer) I don't think there's
any question but that there would be some
engineering challenges to produce such a systen

for practical application to this particular
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ri 1 containment design. o
2 Q. Would there similarly be a major
3 engineering crallenge, to use your phraseology,
4 to qualify su-h devices for both internal and
5 extern:]l missiles?
6 A. (Witness Meyer) They would, of course,
7 have to meet the requirements of any device
8 associated with the containment, and it is because
9 of considerations like this that we considered
10 such a device to be a very expensive one, and that
11 was part of the reason for the decision as related
12 in the Question 5 testimony for eliminating heat

13 pipe as 3 possible option at this time.

14 Q. Now, the UCLA study assumed, did it
15 not, that it might be possible, and I emphasize
16 the word “"might," might be possible to install

17 such devices at Indian Point without interfering
18 with the rebar in the containment structure; is
19 that correct?

20 In other words, they held out some
21 possibility, after reviev of the drawings of the
22 rebar in the containment structure, that it might

23 be possible to avoid piercing the
24 rebar in installing such pipes. Do you recall

25 that?
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A. The UCLA study came to such a
conclusion, yes.

Q. Now, would you consider it a further
substantial disadvantage of attempting to retrofit
such devices at the Indian Point Plants if it
became apparent that it was necessary to interfere
with the existing rebar in the containment
structure in order to install such devices?

A. (Witness Meyer) Yes. This would be a
major consideration,

It is my personal view that if you
would take the approach of actually drilling new
holes in the containment structure, that you
couldn't avoid cutting through some of the rebar,
and any analysis of its effect would have to take
that into consideration,

Another consideration or another
option that the UCLA study considered was making
use of existing penetretions. Actually cutting
holes in the containment wall was one of a number
of options.

Qe One last question there and I think
I'm through, Mr. Chairman: Do you recall how many
layers or separate planes of rebar there are in

the Indian Point containment structures?
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A, (Witness Meyer) I don't have a number
for you. There arc¢ extensive planes of layer upon
layer of rebar that would have to be cut through
in order to put holes in the containment,

Q. And another of the devices you
considered was a system to insure greater

frequency of cavity flooding; am I correct?

A, (Witness Meyer) Yes.

Qe That was the third -~

A. (Witness Meyer) That's correct,

Q. Now, you concluded, did you not, that

installatioa of that system, that is the cavity
flooding system, if I can call it that, would be
counterproductive if it were not installed in
conjunction with the heat pipe system; is that
correct?

A, Yes.

Q. You couldn't install one without the
other. You had to install them both to get any
kKind of benefit; is that right?

A, (Witness Meyer) The requirement would
have to be accompanied with a requirement for
containment heat removal. In that sense, yes, you
are correct,

MR. BRANDENBURG: Mr. Chairman, I
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have no further questions of these witnesses.
JUDGE GLEASON: Mr. Colarulli,

cross-examination?

CROSS-EXAMINATION

bY MR. COLARULLI:.

Q. Dr. mMeyer, I'd like to follow up on
just a couple of points that were referred to in
your exchange with Mr. Brandenburg.

Would you turn to page III-B.50 of

your testimony.

Now, the table at the bottom of page

I1I1-B.50, as I understand it, is a table that you

called a "Realistic Assessment Of The Reduction
That Wwould Be Provided By Heat Pipes"; is that
correct?

A. (Witness Meyer) Yes. This is our
estimate.

& Now, do these reduction factors
reflect the several seismic considerations that
you just made reference to, specifically the
impact if one had to cut through the rebar
containment and the problems associated with
seismically qualifying the heat pipes?

A, (Witness Meyer) Those matters were

taken into account only in the way that we did
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through the unreliability number. The
unreliability number of five percent is considered
large by most standards. Wwe did not consider it
explicitly, but we would anticipate it could be
included in that five percent unreliability number.

Q. But isn't it true that your position
is that further analysis is needed to actually
realistically model in and calculate the impact
that would occur given the addition of seismic
qualification?

A. (Witness Meyer) That's correct. The
analysis in front of you gives an indication of
the impact of unreliability and attendant risks on
the reduction in the risk reduction afforded by
these mitigation features.

Further analysis may reduce that
unreliability number or it may increase that
unreliability number.

Q. One question concerning the glow plug
igniters that you referred to on page 111.B-~29 of
your testimony. Your testimony does not reflect
the specific risk reduction opted by glow plugs
alone, doesn't it?

A. (Witness Meyer) No, we did not

include the separate risk reduction that would

TAYLOE ASSOCIATES
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1 result by having glow plugs alone installed in the
2 containments.

3 Q. Have you made such a calculation?

4 A (Witness Meyer) Yes, we have.

5 Q. And what results did that calculation

7 Ay (Witness Meyer) Let me turn it over

8 to Dr. Pratt who has the exact numbers.

9 As (Witness Pratt) It would have

10 negligible effect in terms of acute fatalities for
11 Units 2 and 3. It would have about 10 percent

12 impact on latent effects for Unit 2, and for

13 Unit 3 for latent effects, it would have

14 negligible impact.

15 Q. Is it true that two possible

16 attendant risks of glow plugs include an increase

17 in containment pressure and some potential adverse
18 equipment burns?

19 A, (Witness Meyer) The whole purpose of

20 glow plugs is to burn hydrogen, and one would

21 expect that you would burn lean mixtures of

22 hydrogen with the glow plugs installed.

23 If they were not installed, you would
24 expect more vigorous burns that would have greater
25 effects on the devices you just mentioned.

TAYLOE ASSOCIATES



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

12577

So although you could say that it is
an attendant risk that is considered, you are
avoiding a much more damaging problem by burning
early and burning your hydrogen lean.

JUDGE SHON: Dr. Meyer, your answer
there and particularly the last part of your
answer in which you mentioned "burning early"
makes, it seems, some sort of an assumption to the
effect that hydrogen mixtures per force must grow
from lean mixtures to rich mixtures and that there
must be a stage in which the glow plug would be
ignited lean.

It would seem there would be some
scenarios, at least in some places, in which a
rich hydrogen mixture could develop and then go
wandering to find a dull plug.

Wouldn't that put things in a bad
state?

MR. MEYER: There are situations.

For example, certain vessel failure situations
where large amounts of hydrogen would be released
at one time, and you would not have this lean mix
that is more associated with core degradation than

coremelt; and vessel failure and under those

circumstances, a glow plug could have an attendant
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risk of igniting a relatively rizh mixture of
hydrogen,

JUDGE SHON: It would seem as if it
could, perhaps, even ignite a rich mixture undet
circumstances where, left ( itself, the mixture
would lean out by mixing with the rest of the
atmosphere and become less of a hazard, could it
not?

MR. MEYER: Yes. This would have to
be carefully considered in the placement of glow
Plugs ‘n the containment.,

JUDGE SHON: Thank you. I'm sorry
for interrupting.

MR. COLARULLI: That's fine. I
have no further gquestions.

MS. MOORE: Might I have a moment?

JUDGE GLEASON: Yes.

MS. MOORE: The Staff has no redirect.

JUDGE GLEASON: All right., Gentlemen,
you are excused., Thank you very much.

Call your next witness, Miss Moore.

MS. MOORE: Your Honor, the Staff
calls to the stand Mr. Robert M. Bernero.

JUDGE GLEASON: Miss Moore --

MS. MOORE: Your Honor, we are
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trying to locate a copy of Mr. Bernero's testimony
for the court reporier,

JUDGE GLEASON: Has he been sworn in
previously?

MS. MOORE: No, he hasn't.

JUDGE GLEASON: Would you please
stand and raise your right hand.
Wwhereupon,

ROBERT M. BERNERO
was sworn in by the Administrative Law Judge
and testified as follows:
DIRECT EXAMINATION
BY mMmS5. MOORE:

Q. Mr., Bernero, would you please state
your name and business address for the record.

A. My name is Robert M. Bernero. My
business address is US Nuclear Regulatory
Commission, Weshington, D.C.

Q. Would you please state your position
with the Nuclear Regulatory Commission?

A. I am the director of the Accident
Source Term Program Office in the Office of
Nuclear Regulatory Research.

Q. Do you have before you a copy of the

document entitled "Testimony of Kobert M. Bernero
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on Severe lccident Source Terms"?

A. I do.

Q. Was this testimony prepared by you or
did you participate in its preparation?

A, Yes, it was prepared by me and with
my participation.

Qe Do you have any additions or
correction to this testimony?

A. Yes, I do. I have one change to read
into the record.

On page five, just below the middle
of the page is a line which reads: "Failure of
containment within 30 minutes of the initiation of
the accident,” and the words "30 minutes" should
be replaced by the words "a faw hours".

Q. with this change to your testimony,
is it true and correct to the best of your
knowledge, information and belief?

Al Yes, it is.

Qe Do you adopt this as your testimony
in this proceeding?

A, Yes, I do.

MS. MOORE: Copiec of this testimony
have been delivered to the Board, the parties and

the court reporter. I ask that the testimony and
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the attached professional qualification of Mr.,
Bernero be received into evidence and bound into
the record as though read.

JUDGE GLEASON: Obijection?

Hearing none, the testimony of Mr.
Bernero will be received into evidence and bound
into the record as if read.

(The bound testimony is as follows:)
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of
Docket Nos. 50-247-SP

CONSOLIDATED EDISON 50-286-SP
OF NEW YORK (Indian Point, Unit 2)

POWER AUTHORITY OF THE STATE
OF NEW YORK (Indian Point, Unit 3)

TESTIMONY OF ROBERT M. BERNERO
ON_SEVERE ACCIDENT SOURCE TERMS

Q.1 Please state your name and position with the NRC.

A.1 My name is Rchert M. Bernero. I am the %lrector of the Accident
Source Term Program Office in the Office of Nuclear Regulatory
Research at the U.S. Nuclear Regulatory Commission.

Q.2 What are your responsibilities in that position? g .-
A.2 My responsibilities in this position are to assure that Source
Term related research results are implemented in policy and

regulatory practice in a timer manner.

Q.3 Have you prepared a statement of your professional qualifications?
A.3 Yes, the statement of my professional qualifications is attached to

this testimony.



Q.4
A.4

Q.5
A.5

What is the purpose of your testimony?

This testimony provides the Staff's assessment of the status of
current research in the subject matter raised in the testimony of
Drs. Stratton and Rodger, and Mr. Potter, bound into the record
following T.R. 8169, i.e., the ocuvantity and characteristics of
the radionuclides released following an accident, often referred
to as the radiological “"source term." (hereinafter referred to

as *he Stratton testimony)

How is an assessment of the Source Term conducted?

The words "source term" are often used as a simple term suggesting
that severe (severe core damage or core melt) accidents in huclear
reactors can be characterized by a single source term; and one might
speak of reducing that source term by soﬁa factor, say-of 10 or

5 or 100. In fact, each severe accident in a nuclear reactor of

a specific design has a characteristic scenario and, therefore, has

; characteristic pathway by which the radiocactive material is mgygd_
from the core through the reactor coolant system éut into the contain-
ment or other buildings and ultimately out into the biosphere. Each
severe accident scenario tﬁen has a characteristic source term
describing the amount and form of the radioactive materials which

are released to the environment. In order to assess radiological
source terms comprehensively, one must examine each of these accident
scenarios and study the behavior of each of thc principal species of
radionuclides in each phase of these scenarios. Thus, a rather complex
assessment is made, there arc many source terms, and many complicated

potential changes in source terms.



Q.6

A.6

Please provide the Staff's assessment of the Source Term questions
and research activities discussed in the Stratton Testimony.

The Stratton testimony draws attention to the intense research
program currently underway which is intended to resolve some of the
questions concerning accident source terms identified in part by

Dr. Stratton. We agree with the Stratton testimony's assessment

that the accident source term methodology employed in the Reactor
Safety Study (WASH-1400) results in conservative predictions, i.e.,
in overestimates of the quantity of fission products released to

the environment. To the extent that the RSS methodology was employed,
therefore, such conservatisms are incorporated in the Indian Point
Probabilistic Safety Study (IPPSS) and in the staff's consequence
estimates as embodied in the testimony of {}aff witnesses Meyer and
Acharya. This agreement with Stratton et al. is based on the
existing knowledge that several physical processes which would

affect some degree of retention of radionuclides in various parts

of the damaged facility were neglected in the RSS methodology for: — *
assessing radionuclide release and transport. The Stratton testimony
draws heavily on quotations from NRC-sponsored research reports to
establish this fact, so that repetition herein is not necessary.
However, at the present time, we cannot agree with the next step in
the Stratton testimony, i.e., the subjective estimates of quanfitative

"reduction factors" asserted on the basis of a qualitative description



of a partial 1ist of the physical processes affecting radionuclide
release and transport. These estimates of reduction factors to be
applied to the IPPSS are based solely on the subjective judgment of
the authors of the Stratton testimony, and do not necessarily

follow from the common ground of the general technical consensus
described above. Although the current research effort may provide
subsggntiation for some of the assertions of the Stratton testimony,
the conclusions in the Stratton testimony regarding revised source
terms are premature at this time. The staff does believe that the
technical data available today strongly suggest that the WASH-1400
models for radionuclide behavior in severe accidents overestimate

the amount of such material that would be released to the environment
in such an accident. As I will explain la:gr, the staff and its
contractors are engaged in a substantial research program to obtain
better data and models for estimating these source terms. It is our
involvement in this work and the complexity of the énalyses at this
time that prompt us to say that selecting and using a new source cerm

model at this time is premature.

The following examples demonstrate the reasons for the staff's

inability to endorse the conclusions of the Stratton testimony.



The TMI Experience

A major factor influencing the conclusions i. the Stratton

testimony is the interpretation given to the TMI accident.

The Stratton testimony (p. 15ff) sets up a comparison of the .

TMI event with release categories PWR-1 and -2, and in Table 4

(p. 53) with a WASH-1400 "average" and “lowest" release. On

p. 17 the Stratton testimony notes agreement between the

releases from the core for PWR-1 and -2 and the TMI observation,

and then notes the lack of agreement of the releases from the
containment. However, it should be noted that the RSS calculations
are for accidents involving containment fiilure. while no failure

of containment occurred at TMI. The PWR-1 and -2 release categories
of the RSS are dominated by accidenﬁuse?uenc;s Jnvo1v1pg catastrophic
failure of containment within 3Ghm+ﬂuto§00f the initiation of the
accident. In the TMI-2 accident, the principal releases were through
the Tetdown and makeup system and the auxiliary building vent header
many hours, even days after the accident. A direct comparf:dh of
the atnospheric releases from postulated events such as PHR-I

and PWR-2 felease accidenfs with the TMI-2 accident where the
atmospheric lTeakage from the containment was nggligible cannot

provide much insight concerning the effects of fission product

transport behavior. This is not to say that valuable insight



cannot be obtained from the TMI experience. Careful examination
of the TMI data is expected tolprovide a useful reference for
some mechanistic fission product release and transport models.
However, some basic work, {.e., the examination of the TMI

core, and determination of its fission product inventory and
distribution is still to be completed. Completion of the TMI

core examination is perhaps 2 years away.

Cesium Iodide

While the Stratton testimony almost quotes (Stratton, p. 22)

the staff's conclusion that cesium iodide is the most 1ikely
predominant form of iodine released from the reactor core
(NUREG-0772), Stratton concludes, without further quantification
of the physical/chemical processes fﬁvolved. that this change
from the RSS assumption permits reduction of the quantity of
iodine released to the environs. A factor apparently weighing
heavily in this assessment 1s the repeated emphasis on thetﬁr-n
solubility of CsI and other "metallic iodides" (Stratton, p.

19) as opposed to a presumed "insolubility" of Iz ascribed to
the RSS model. The authors of the Stratton testimony apparently
interpreted the RSS methodology to ascribe "near-noble gas"

behavior to I, (Stratton, p. 21). In reality, the RSS methodology



ascribes very high solubility to Iz. For an accident sequence
of the TMI type (i.e., the release from the core contacts
water prior to release to the environment, and ;H adjusted
containment sprays are operational) the RSS's CORRAL code
calculates that the iodine concentration in the liquid phase
is more than 10,000 times higher than that in the containment
atmosphere (HASH-1400. App. VII). Therefore, it is necessary
to perform a careful examination of the dynamic behavior of
radionuclide transport mechanisms based on the expected thermal
hydraulic conditions in the primary system and containment in

order to assess the effects of the chemgical form of the iodine.

Retention in the Primary System

The Stratton testimony correctly poié?s out that the RSS
analyses of fission product transport do not account for
agglomeration and deposition of fission products in aerosol
form within the primary system. We agree that this is a knggg5,
conservatism of the RSS and other analyses employing the RSS
methodology. The Stratton testimony discusses the potentially
important phenomena in‘the reactor vessel (Stratton, p. 31ff).
However, the Stratton testimony quotes from a 1977 publication
which describes the processes important in a "terminated
LOCA," i.e., a design basis accident for which no substantial



fuel degradation or melting is assumed (i.e., the TRAP-LOCA

code). We believe that a more appropriate basis for estimates
of primary system retention is the next level of development
of the TRAP model, i.e., the TRAP-MELT code which addresses
core melt conditions (NUREG/CR-0632, 1979). Calculations of
primary system retention during core-melt accidents using the
latest version of this code are currently in progress. Althougﬁ
it is premature to make generic conclusions on the basis of
these calculations, the results (as s.ated in NUREG-0772)
indicate that the degiree of radionuclide retention in the
primary system is highly depend;nt on the specific accident
sequenc2 and the specific reactor design, and suggest that

categoric "reduction factors" cannot t2 supported at the

present time.

Fission Product Behavior in Containment

In order to characterize the behavior of fission products in. .,
the containment, the Stratton testimony refers back to the
Containment System Experiment (CSE) of the late 1960s (Stratton,
p. 40ff) to demonstrate.the effectiveness of containment spray -
in removal of elemental iodine and aerosol particles. The
authors of the Stratton testimony reject the quantitative
predictions of radionuclide behavior in the containment provided
by the RSS's CORRAL code. However, it should be noted that
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the CORRAL code is based on an empirical fit to the CSE data.
Better predictions of radionuclide behavior in containment are
now being validated, such as the NAUA-4 -ode, but the staff
feels that it is still somewhat premature to base source term

calculations in a proceeding such as this upon them.

The above examples illustrate the staff's difficulty with the
method used ard some of the conclusicns reached by Stratton, Rodger
and Potter. We believe that quantificz’ion of "reduction factors"

to be applied to source term estimates is premature.

The NRC research program is actively engaged at this time in developing
substantial new information regarding severe accident source terms

for 1ight water reactors. The approach by;yhich this is being done

is rather complex; it inrvolves the development and application of

new computer codes to describe the important processes in the core
region, the reactor cooiant system and the containméxt during the
degradation and melting of the core. In addition to code deve\oﬁaéhf.
extensive experimental work is in progress here in the United States,
and in foreign countries as well, to augment the data base for' the

verification and validation of these codes.
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Using the codes developed for this purpose, a series of U.S. light
water reactors are being studied, one at a time, taking significantly
different accident sequences and carefully analyzing the release

and transport of radicactivity during those sequences. For example,
the first plant studiéd in this manner, the Surry PWR in Virginia,

is being studied for the accident sequences large break loss-of-
coolant-accident, small break loss-of-coolant-accident, station
blackout, and what is called in the Reactor Safety Study, Event V,
the interfacing system LOCA where the reactor coolant system ruptures
directly outside the reactor containment building. After these
selected sequences are analyzed, a careful appraisal of the dominant
accident sequences for a plant of this type can be conducted to
appraise the expected accident source terps for all of the dominant
accident sequences, and théreby develop the coripendium of source
terms which describes the risk characteristics of that plant. In
addition, a report describing the technical base for these computer
analyses is being developed on a parallel schedule. In additiongz;‘
the NRC-sponsored work, we expect to see published this coming

summer the results of similar work by the industry degraded core group
(IDCOR) as well as an interim report on the subject from an American

Nuclear Society special comuittee chaired by Dr. Stratton.
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Later this year, after it has undergone peer review, the staff of the
NRC will appraise this technical data to determine what substantive
changes in accident source terms may be justified at this time and
will then advise the Commission of the significance of these results
as well as proposing to the Commission what regulatory or policy
changes might be appropriate based on these accident source term
changes. Therefore, we believe that at tlﬁs time it is premature

to attempt a quantitative reassessment or restatement of accident
source terms here in the Indian Point prcceeding or in other cases

as well.



STATEMENT OF QUALIFICATIONS
ROBERT M. BERNERO

I am Robert M. Bernero, Director of the Accident Source Term Program Office
in the Office of Nuclear Regulatory Research at the U.S. Nuclear Regulatory

Commission.

I hold the degrees of Bachelor of Arts (1952) from St. Mary of the Lake
(Mundelein, I1linois), Bachelor of Chemical Engineering (1959) from the
University of I1linois, and Master of Chemical Engineering (i961) from

Rensselaer Polytechnic Institute.

Early in my technical career I was employed by the General Electric Company
at the Knollis Atomic Power Laboratory from 1959 to 1966 where I worked on
the design, construction, and test of pressurizsp water reactors for naval
propulsion plants. In that work I gained substantial experience in reactor
electrical and fluid systems as well as the ~hemistry and radiochemistry

of reactor cooling systems.
From 1966 to 1972, while still with the General Electric Company, I worked

at the Valley Forge Space Center where I participated in the development of
nuclear power devices for space applications. In my final position there
I served as Manager of Energy Conversion Engineering where I directed the

design and development of a high temperature thermoelectric power system

using silicon-germanium alloys.



In 1972 I joined the Atomic Energy Commission regulatory staff as a licensing
project manager. From 1972 until 1975 I managed reactor licensing cases
including pressurized water reactors and the Clinch River Breeder Reactor.

In 1974, when the draft version of the Reactor Safety Study (WASH-1400) was
published, I was a member oi the NRC staff team which performed an in-depth

review of that benchmark risk assessment.

From 1975 until 1977 I worked in the NRC's Office of Nuclear Materials Safety
and Safeguards as the licensing manager of the Barnwell Nuclear Fuel Plant

and as Chief of the Fuel Reprocessing and Recycle Branch.

From 1977 to 1979 I served in NRC's Office of Standards Developmenrt as
Assistant Director for Material Safety Standards. After the Three Mile
Island accident, I served in the staff of the LKRC's TMI Special Inquiry.
At the end of 1979 I was appointed to be the Director of the Probabilistic
Analysis Staff in NRC's Office of Research.. That group, now known as the
Division of Risk Analysis, has long been the center for the developmept of

risk analysis methods at the NRC.

My permanent position at the NRC is still Director, Division of Risk Analysis.
However, in January of 1983 I was appointed to be Director of the Accident
Source Term Program Office. This program office was formed in January to

assure that source term related research results are implemented in policy

and regulatory practice in a timely manrer.
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MS. MOORE: Your Honor, the witness
is now available for cross-examination.

MR. BLUM: Your Honor, given the
positions of the parties on this testimony, we
would request the Licensees go first with their
cross-examinations since they are in the
adversarial stance.

JUDGE GLEASON: All right. That is a
point well taken. Who wants to proceed?
CROSS-EXAMINATION

BY MR. COLARULLI:

Qe Good mnorning, Mr Bernero.
As Good morning.
Q. You are familiar, are you not, with

Drs. Stratton and Rodger, and that this data
available today strongly suggests that the
WASH=-1400 models overestimate the amount of
radionuclides released in the environment?

A, Yes, 1 agree that the data
suggests that to be true.

Q. I wonder if you could turn to page 3
of your testimony.

A, I have it.

Q. You refer to several physical

processes which would affect some degree of

TAYLOE ASSOCIATES



10

11

12

13

14

15

16

17

18

19

20

22

23

24

25

retention or rate of nuclides in various parts of

a facility as being neglected in their reactor

safety study methodology.

A, Yes.
Q. Specifically, what are those

processes that you believe are neglected?

A. Examples of those processes are,
one, the process by which chemicals such as iodine,
rather than behaving in its elemental form, would
combine with another chemical and become a
compound with different physical characteristics.

A second example would be the
formation of large amounts of inert aerosols, that
is particles that are not of direct interest as
radionuclides, which could aglomerate, come
together, and absorb radiocactive aerosols.

Those are just two examples of the
sort of processes I'm thinking of.

Q. Are these processes, the formation of
cesium iodide and the aglomeration that you
referred to, are these processes addressed by Dr.
Stratton and Rodger?

A. Yes, I believe so.,

Q. Do you agree with their descriptions

of these processes?
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A, In general, yes, their qualitative
descriptions of the potential working of these
processes.

Q. Do you consider Drs. Stratton and
Rodger to be reputable, competent scientists?

A, Yes, 1 do.

Q. What is Staff's view with regard to
the impact of iodine, in fact, forming in the
cesium iodide? What impact does that have on the
source terms and ultimately on health effects?

A. w21l, in general, the formation of
cesium iodide in or near the core wiil probably
result in the iodine being less mobile, less able
to get cut of the reactor coolant system in a
coremelt accident, and less mobile once it's in
the containment building after leaving the reactor
coolant system, so that in any given accident
sequence, lecs jodine might be released.

Now, the radioiodine, by present
estimates, constitutes approximately half of the
early fatality risks, so it couid have a
significant effect on offsite health effects,
which are calculated.

Q. I'd like to turn to table A-1l.

Do you have a copy of Drs. Stratton and Rodger's
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10

11

12

14

15

16

17

18

19

20

21

22

23

24

25

testimony before you?

A. ‘es, 1 do.

Q. And could you turn to table A-1?

A. I have it now.

A Table A-]1 is entitled "Evaluation Of

Environmental Releases For Indian Point Sequence
2LW®

I'd like you to look at the first
eatry, Time: Hours, zero," and reading across
those items, the "Event Sequence,” the "Expected
Beuavior Of Cesium Iodide," then the "Fraction Of

Core Inventory."”

12585

Looking at those entries, do you have

data or information that suggests that these
descriptions and statements are wrong?

K No, I do not.

Q. Looking at the next time period from
two hours to 2.5 hours, and, again, at the "Event
Sequence™ and the "Expected Behavior®" and also at
the "Fraction Of Core Inventory," do you have any
data or information that suggests that the values
under the fraction of core inventory, both in
containment air and also released to the
environment, are wrong?

A. No, I do not, but I would nake a
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general comment here, that starting with this step
in the table and going on through all the other
steps, 1 feel we are dealing with the exercise of
scientific judgment, a judgmental analysis, which
says that a certain fraction of the radionuclides
will go one way and ;~certain fraction go the
other way.

As we, and I mean myself and the
Staff at the NRC, as we go through this table, we
don't have or find data to contradict what we see
here, nor do we find rigorous data or modeling,
validated models, to confirm what we have here.

We believe it's a judgmental anelysis
and considering the work that's underway. We
consider it, as I said in my testimony, premature
to quantify it as rigorously as this.

Q. Is it not the case that even
following the additional research that you
reference in your testimony, that even with that
research, there will ©ctill have to be judgments
made since there's not been the kind of accident
that we are assuming to model and quantify in
terms of the chemicals released?

Isn't there going to be scientific

judgment that you are going to exercise at the end
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of your evaluation?

A. Oh, yes, there's certainly scientific
judgment to be exercised at the end, but there
will have been far more direct physical
experimentation to give us direct knowledge of how
some processes work under degraded fuel conditions,
and that same data may be extremely useful in
validating predicted modele for such behavior.

Q. You take issue with several points in
the Stratton and Rodger testimony, I believe
beginning at page 5 of your testimony.

A, Yes, that's correct.

Q. How would you characterize your
position with regard to these particular items?

Would it be fair to say that you
consider Drs. Stratton and Rodger's analysis
fundamentally wrong, or are these rather some
misinterpretations that you believe exist in their
analysis?

A. I would characterize them as
misinterpretations that I see in their analysis,
the TMI experience emphasizing, as an exa2mple, the
amount of radioiodine that was released.

As I said in my testimony, I don't

think that that is the proper comparison or useful
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comparison for TMI, because it was not a

full-fledged coremelt and did not involve severe
failure of the containment.

There was a prolonged bypass leakage
through a fluid system, the letdown and makeup
system, which does not give a direct comparison to
WASH-1400.

TMI, as I said in my testimony, is
useful, nevertheless, for the evaluation of what
goes on or went on inside the core and inside the
containment.

Q. Do you recall the deposition of March
31 that the Licensees took of you?

A. Yes, 1 do.

Q. And do you have a copy of that

deposition in front of you?

A, Yes, I do.

Q. Could you turn to page 76 and 77.
A, Yes, I have it .ere.

Q. At the bottom of that page, in

response to a gquestion concerning these
diflcrences that we were just referring to, you
state, "A number of people in the Staff reviewed
it and did not find criticisms except in a few

places that we single out in the testimony where
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we thought there was some misinterpretation of the
WASH-1400 model as such, but they are subtleties
more than anything else but in the tables and the
scenarios given that these are the dominant
accident source terms and the IPPSS as we lcok at
them., We can't say whether they are right or
wrong. They appcar to be reasonable.”

Is that still your opinion?

A, Yes, that is still my opinioi. When
I say "right or wrong,"™ I mean right or wrong
quantitatively.

Q. What is your personal expectation
with regard to the direction of the change to the
radionuclide reiease terms that are referred tec in
the Stratton and Rodger testimony? By what factor
do you anticipate change?

A. As I said in my testimony and as 1
have said before, the oversimplification, we are
all guilty of at times, is to speak of a single
source term and a single reduction factor.

I would say, again, we should be on
guard that the source term is a set, a spectcum of
source termns.

I have said before, and I feel as a

personal prognosis, that there is a reduction in
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overall releases on the order of a factor of ten.
That's just a personal belief. It is not
supported by rigorous analysis yet in anyway that
i know of, and, therefore, I don't think it's
trustworthy for regulatory use at this time. It
would be premature to use it,

Q. However, if your personal prognosis
is accurate, would you consider that to be a
significant reduction?

A Yes, indeed, and having made that
personal prognosis along with other knowledgeable
members of Staff, we have taken pains to do
sensitivity analyses from time to time to explore
what effect cuch changes in source term magi,itude
would have on the calculated consequences of
reactor accidents, and they are quite significant.

Q. Do you recall generally what kind of
impact of reduction a factor ten would have on,
for example, early fatality risks and late
fatality risks?

A. Well, I can only point to a
sensitivity analysis in the Sandia siting report
which was published under our sponsorship last
November, and I don't remember the exact values in

there, but there is a sensitivity analysis for
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various reductions in source term, and it has the
most dramatic effect on early fatality risks and
less dramatic effects on injury and latent cancer
and property damage risks, but 1 don't recall the
nuclear values.

Q. Is it your opinion that the key
radionuclides, in terms of health risks, would
include cesium and radioiodine and tellurium?

A, Those are among the most significant
radionuclides in the core for health risk purposes.

Q. In given a late overpressurization
scenario, how differently would those
radionuclides behave at, say, eight hours into
that kind of a scenario as compared to an early
overpressurization failure?

A, This behavior was described in some
detail in a document that was published by the NRC
in 1981, called NUREG-0772, a very long title
called, "The Technical Basis For Estimating
Fission Product Behavior In LWR Accidents," and in
that document, there is a curve which displays
this as modeled by a variety of computer codes
which are now available.

For delayed containment failure,

physical processes that work in the containment
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building, are working on the suspended
radionuclides or aerosols and dropping them down
so that they won't come out once the containmant
fails or are far less likely to come out once the
containment fails.

Slow overpressure failure is such
with these physical forces that the longer you
delay, the more you reduce the source term and
subsequently the offsite consequenres, and the
effects can be quite dramatic, 1 can't give you
the nuclear values from that curve, but they can
certainly be looked up.

Q. when you say "dramatic," is that
synonymous with significant, which is to say --

A, wWell, yes.

Q. Would you anticipate a factor of ten
reduction after, say, eight hours, or can you give
us any kind of general parameters on that?

A, Yes. In general, one can achieve, if
you look at that curve by substantial delay in
containment failure time, you can achieve
significant or dramatic changes in source term,
and by that, I mean a factor of ten or more.

0. You just referenced NUREG-0772. Is

it your view that NUREG, in discussing

TAYLOE ASSOCIATES



10

11

12

13

14

15

16

L7

18

19

20

21

22

23

24

25

12593

radionuclide release terms, that, in effect, NUREG
finds that the uncertainty band has shifted
drewatically and that, therefore, is much more
likely that the radionuclide release terms are
lower than in WASH-1400?

A. I'm not sure that NUREG-0772 contains
within it the words "shifting the uncertainty
bands," such as that.

It is a way I choose to describe it.
The document concludes that that releases from
coremelt accidents are likely to be substantially
lower than as presented or analyzed by the Reactor
Safety Study Models, and that document goes on
with some discussion of what ways it might be
lower, and 1 think a fair characterization of it
is that it describes the Reactor Safety Study
Model as still being a usable point estimate, but
the uncertainty about it is now shifted so there
is very little likelihood that the releases would
be higher, and a much greater likelihood that the
releases would be lower than characterized by that
model.

Q. NUREG-0772 was published sometime in
1981; is that correct?

A. That*s right
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Q. During the past two years since
publication of that NUREG, de¢ you say that the
additional information and data that is now

available since that time would also suggest that

the releases would be more likely lower than in

WASH-1400, assuming that the mechanisms, the

processes that you referred to earlier are, in
fact, at work?

A. It still is a little too early to say
what the 1983 reassessment tells us. We have
conducted only a modest portion of it, which went
into the peer process leading toward the ultimate
publication of a seyuel to NUREG-0772, and we have
had the p2er review of that first portion.

I feel that the corrective actions we
are taking to respond or in response to that peer
review are so complicated that it's premature to
say whether our current reassessment in 1983 will
be stronger or less strong than NUREG-0772 was two
years ago.

Q. Well, let's try to be more specific,
then.

Regarding the behavior of tellurium,
for example, what indications, what conclusions

can you draw today based upon the data and the
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information available as compared to those drawn
in WASH-14007?

A. Well, we can see today and have been
discussing vigorously in the process of doing this
work the possible mechanism by which tellurium, a
relatively volatile and one of the more noxious
tradionuclides mechanisms by which tellurium can
react with other metals, forming alloys, which
could get it out of the process, get it out of the
source term to a substantial degree.

It could release from the core and
find its way to the stainless steels in the upper
plenum forming an alloy of sorts and thereby be
removed.

On the other hand, there are some
scenarios, sone mechanisms, whereby if a great
deal of the zirconium is still available unreacted,
that tellurium might react first with the
zirconium and in some respects get greater
mobility to get out of the reactor coolant system.
It's a complex process.

Q. Assuming that the first process you
described in which the tellurium in effect
attaches itself to other surfaces, what effect

would that have in terms of lowering the amount of

TAYLOE ASSOCIATES



10

11

12

13

14

15

17

18

19

20

21

22

23

24

25

12596

tellurium that's available to get out? 1Is it
sma:l? 1Is it dramatic? Can you put any kind of a
quantification on that given the research and the
data available for the past seven years?

A. well, if I take your assur2>tion that
the tellurium got up, say, into the upper plenum
and reacted with the stainless steels up there,
then it would be far less likely to be remobilized
and made available for the source term later on in
the accident, It could reduce the source term.

(2 9 And can you say, now, is it too early
Or can you say now whether or not that might be
significant?

A. I can only say it could be,

Q. Could be significant? Could be
significant on the order of other things that you
have characterized as in the reduction of a factor
of ten?

A. As 1 said before, it depends on the
specific analysis., The tellurium could get out by
other mechanisms, and depends on what these
competing forces result in, just how much one
should properly estimate as the release of
tellurium from the reactor coolant system and in

what form it would be released.
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Q. We have, as you know, and as you have
heard earlier today, had discussion of mitigation
devices.

I'd like to ask you this gquestion in
that regard: Do you believe that it is
appropriate to make decisions regarding whether to
add certain mitigation devices, such as a filter
vent, using what you would agree would be an
immediately unrealistically high radionuclide
release term as in WASH~-1400?

A, I think that regulatory decisions,
such as whether to add a mitigation system to a
plant to improve its safety can and must be made
with estimates that are known to be biased or
skewed in some way.

The source term, which everyone
chooses to call the WASH-1400 source term, which
is the current estimate for radioactive releases
in accidents, is a fair basis of judgment if the
persons making the judgment have a reasonable
understanding of the biases and uncertainties in
that source term estimate.

Q. But do you not think that it would be
more appropriate to, before making decision on a

substantial mitigation feature, to have evaluated
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all these processes and available technical data
to which you refer and to come up with what the
community could agree uponrn as being a realistic
source term instead of an unrealistically high one?

A. In an ideal world, yes. That would
be =-- the nice way to do it, we have at the NRC
an extensive program that is reasonably well
coordinated with work by the Electric Power
Research Institute and work in foreign countries,
and we expect to see the nickest results or the
most clear results in 1985.

If one is patient and able to wait
until 1985, it would be a very nice time to make
such a judygment.

In 1981, we felt the need to speak
what we knew then, and that was NUREG-0772, and in
1983, we are preparing a document which will speak
what we know today, in 1983, recognizing that many
proceedings, many needs carry on and may not be
able to wait until 1985.

Q. But if the source term, the ultimate
one that is agreed upon at a given time is, in
fact, significantly lower than what we all call
WASH-1400 source terms, is the value of the

mitigating device also significantly lower?
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A, Generally, I would say it would be.
Tf your depiction of risk is lower to begin with,
then any device whose purpose is to further lower
risk has less to work on.

MR. COLARULLI: I have no further
gquestions.

JUDGE GLEASON: Mr. Brandenburg?
CROSS-EXAMINATION
BY MR. BRANDENBURG:

ts Mr. Bernero, in the most recent line
of questioning from Mr. Colarulli, I understood
you to say that some understanding of the biases
of the present source terms would be necessary in
order to make and form judgments from those source
terms for purposes of deciding on mitigation
strategies.

I1'd like to ask you a slightly
broader question in which we might have to lay to
one side your assumption about an understanding of
these biases. I'd like to just ask you as a
general matter whether you agree that overly
considerate source term release estimates lead to
inaccurate and misleading overestimates of the
consequences of various accidents, again, apart

from this understanding of the biases that you
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have assumed.

A, If I understood you correctly, your
question, I think it answered itself, that
overestimates lead to understanding of greater
risk than really is there, something to that
effect.

Q. All right. Absent this understanding
of the implicit biases that you referred to, would
overly conservative estimates of the magnitude of
the source terms comprise an inappropriate basis
for regulatory judgments? In other words does
this component of understanding the biases, is
that essential in your judgm:nt to reaching
appropriate regulatory judgments?

A. Yes, it is. That understanding of
the bias, or, to use another term, the uncertainty
in estimates, is necessary to reach a responsible
judgment.

Q. Now, I believe you were seated here
when I questioned Dr. Meyer and Mr. Pratt about
the interrelationship between source terms and the
analysis of mitigation features.

Would you agree that one should
estimate the source terms correctly in order to

accurately estimate the risk reduction
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effectiveness of mitigation features?

A. If one is careful in understanding
the word "correctly," yes, one should use the
appropriate current estimate of source term,
recognizing its uncertainty, conduct an evaluation
of a miligation feature and keeping that uncertainty
in mind, compare the risk reduction of such a
mitigation featur¢ to whatever figure of merit is
available.

Of course, one recognizing the figure
of merit does not come down on a bronze tablet, so
that the uncertainty judgment pevades the whole
process.

Q. Now, the correlation between the
source term and the computed benefits from
mitigation devices is a positive one, is it not,
Mr. Bernero, in the sense that to the extent that
the source terms are overstated, one's analysis
using those source terms of the effectiveness of
Lhe mitigation device will similarly be overstated;
is that correct?

A. Generally, as I said before, that's
true. If the source term is overstated, the
accident risk is overstated, and, therefore, if

there is less risk to work on, there is less
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. 1 effectiveness for any mitigation feature to work
2 on.
3 Q. Now, as I understand the assumptions
4 that were made in WASH-1400 and implicit in it
5 those source terms which you indicated are i
|
6 currently being used by the NRC with respect to
7 the behavior of cesium, and I'm actually thinking
8 back to a passage in your deposition from last
9 week that Mr, Colarulli referred to, and I think
10 you have a copy before you. ‘
11 I understood that your general
12 perspective on that was that the investigators in
. 13 WASH-1400 did believe that cesium iodide was ‘
14 probably the preferred chemical form for iodine to
15 be in, but that there was a limited amount of data i
16 but that might not be so. So to be conservative,
17 they treated iodine as elemental.
18 Is that a fair summary?
19 A. Would you please cite the page number
20 of my deposition.
21 Q. Surely. 1'd be happy to. I believe
22 the discussion starts on page 18.
<3 A. Yes, I recall.
. 24 Q. Do you recall the quotation at line

9 nine, I think?

TAYLOE ASSOCIATES




i

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

A. Yes. In Appendix 7 of WASH-1400,

which is the physical processes appendix, there is
a discussion, as I recall, of the free energies or
thermal dynamics of chemical reaction which
indicated to those investigators that cesium and
iodine were likely to combine chemically in or
near the core, especially since cesium outnumbers
iodine by a very large margin.

However, they cited some data, and I
don't remember the researcher or citation, but I'm
sure you could find it in there, that suggested
that it would not form cesium iodide under those
circumstances in core degradation.

And so they asvumed that for
analytical purposes, cesium and iodine would not
combine, and they would be, therefore, volatile
materials and come almost directly out of the core
into the containment building.

Q. Now, with specific reference to that
limited amount of data, I think you referred to it,
as that sugyested that cesium iodine would not be
produced, that led to the Wash-1400 investigator's
decision to use an assumption of elemental iodine.

Could you describe for us your

understanding, if you have one, as to the
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rigorousness or the quality of that data?

A. Oh, ne, I ecouladn®t. I'm not familiar
with that data, and I know of it only historically
as a matter that was presented in the discussion
in that appendix of WASH=-1400 with some of the

early data in this field. That's all I know.

Q. Now, we are moving forward in time to
the work that's going on now by =-- under the
direction of your division on this =~-- is it

cesium iodine or is it the elemental iodine
issue?

Can you for us, describe for us, how
that experimental activity is ongoing?

A. Well, there's a good deal of
experimentation going on and has gone on in the
ten years or so since the Reactor Safety Study
Analysis was done, and in NUREG-0772, two years
ago, it was expressed as a, I think the term was
technical consensus. I'm not sure of the words

-- that the expected form in this circums.ance
was cesium iodide, not elemental iodine, and that
is based on a variety of experimentation of, oh,
what you might call fuel roasting experiments
where spent fuel is heated and careful

measurements are made of what cocmes off and what
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condenses and where it does.

Q. Now, has there been anything, any
experimental activity that's gone on subseguent to
NUREG-0772 that has tarnished that scientific
consensus that cesium iodine would be the
preferred form of iodine?

A, Not that I know of.

Q. Now, you covered the topic of
tellurium with Mr. Colarulli, and I would like to
finish out those isotopes that would contribute to
the early fatality risk, and now I'm really asking
you, Mr. Bernerc, to distinguish in your mind
between those isotopes that contribute to latent
fatality risk on the one hand and early fatality
risk =-- concentrating only on the early fatality
risk isotopes -- and ask you soley with respect to
those isotopes making a significant contribution
to early fatalities, if we have failed to cover
any .

Is tellurium iodine pretty much it or
are there others in here?

A. Well, others get in. I recall that
ruthenium, there is a one year half life ruthenium
that can play a reasonably substantial role in

early fatalities. There are a few other nuclides.
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It's getting a bit beyond my direct expertise to

2 go into the individual nuclides and their

3 contributions.

4 Qe Now, I think you stated in response
5 to a gquestion from Mr. Colarulli that while the
6 Staff has a good deal of ongoing experimentation
7 in this area, that your own personal expectation
8 -- 1 think you did hedge it to that extent -~
9 was that @ reduction of a factor of ten seemed

10 plausible to you.

11 Is that a fair statement of your
12 personal expectation?
. 13 A, Yes. That, I think, is the phrase

14 that I used, either "personal expectation®™ or "personal

15 prognosis". One does this regularly in doing

16 research work to set some priority, where should

17 we look, how hard should we lcok, what resourses

18 should we dedicate, and it guides your decision

19 process in some way; and that is, again, a

20 personal expectation, but not proven,

21 Qe Of course. Dr. Bernero, I would like

22 to follow through with one more step with your

23 personal expectation, and 1'd like you to do that
" 24 with me, if you could, by turning to pace 64 a of

25 Dr. Stratton and DPr. Rodger's testimony.
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A. EXxcuse me., It's Mr. Bernero.
Q. I also mischaracterized our own
testimony. It's the testimony of Stratton and

Rodger and Potter.,

12607

A. Yes, 64-A is a figure?

Q. Yes, sir, it's figure 2.

A. Yes, I have it before me.

Q. Now, there are two curves shown there,

and I would like to focus your attention on the
lower two curves, which deposits a factor of ten
reduction from the source terms that were used in
the IPPSS study, and my question is, if your
personal expectation about source terms turns out
to bear fruit at the end of the Staff's current
exploration of this topic, and if you further
accept the consequence model as it was done here,
that a diffusion analysis and the evacuation
analysis and that sort of thing, that based upon
the analysis of these gentlemen and assuming that
your reduction of a factor of ten, as I say, does

bear fruit, that, in effect, we would have with a

frequency of less than ten to the minus eighth and

no more than about 20 fatalities from a serious
accident at Indian Point?

A. I think it's time to register the
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comment about oversimplification when one speaks

2 of an overall reduction in source terms by a

3 factor of ten then going into an individual

4 reactor profile.

5 I think you should stop at the

6 qualitative description. 1 would agree that in a
j plant such as Indian Point, that qualitatively, a
8 substantial decrease in early fatalities, et

9 cetera, would be expected, but whether that

10 particular probability or that particular level of
11 coinseguences, I can't testify to that.

12 Q. All right. I understand that you

have a difficulty with accepting the assumption of

14 a factor of ten reduction now certainly for this

15 sequence, but you have reviewed, of course, the

16 Stratton and Rodger and Potter testimony; have you

17 not?

18 A, Yes, I have.

19 Q. And have you performed any analysis

20 of the rest of the modeling that was dorne leading

21 up to this figure after the assumption about the

22 reduction and source terms? Have you discussed it

23 with any of the consequence people at the Staff,

. 24 for example, once you take the initial assumption

25 of the factor of ten reduction, whether there are
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any problems arriving at this curve shown on
tigure 2 that we were discussing?

A, In our review of the testimony, we
made no attempt to go into the individual
reductions calculated as such. OQur attention
focused on the source term reduction factors and
the method by which they were obtained. To

go beyond that point, I feel, was
presumptious, that the reduction factors were more
rigorous than we thought them, and, therefore, we
would have further review to do.

We did not separately analyze these
figures to see whether we would have gotten the
same results,

Q. But after one gets by the initial
assumption, I understand that you have some
difficulty with it at this point in time, the
initial assumption of a factor of ten reduction,
the Staff is unaware of any other modeling errors,
things of that nature, leading up to this
preparation of this figure; is that right?

A. I just can't comment on it. 1 don't
Know.

Q. Now, are you familiar, Mr. Bernero,

with a document that's been widely referred to as
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the Sandia Siting Study?

A. Yes, indeed.

Q. And I think we can identify that as
NUREG-2239?

A. Yes. In my normal position at the
NKC, my division there, the Division of Risk
Analysis sponsored that work.

v Now, was it a conclusion of that
document, the Sandia Siting Study NUREG=-2239 that
the estimates of the early fatalities from serious
accidents were very sensitive to the magnitude of
the source terms?

A. Yes, indeed. I don't recall the
section number, but there is a section in that
report which conducts a sensitivity analysis to
those simplified source terms, and they were
explained in that report and supporting documents.
A sensitivity analysis was done to explore what
differences in offsite consequences would be
derived from different reductions in source term,
and there's a whole section devoted to that in
that report.

B Now, can you describe for us, Mr.
Bernero, in & general way, the relationship

between source term reduction and early fatality
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consequences that was found by the Sandia Siting
Study? How much reduction in early fatalities do
you get for how much reduction in source teim,
generally?

Obviously you don't have to answer
this in a general way.

A. I don't remember the exact numbers,
but there were tables presented there which showed
that with across-the-board reductions of
radionuclide release.

In other words, across-the-board
reductions of source term, that the early
fatalities would drop most rapidly, early fatality
being a threshold effect. You have to recieve a
certain dose, fairly high dose, before there's a
threat of early fatality.

The second most rapid reduction would
be in early injuries, radiation injuries which is
also a threshold effect, although not as grievous
a radiation dose as early fatality donse.

And, lastly, there was a much lower
sensitivity, although still, as I recall, almost
linear sensitivity in the latent fatality and
property damage effects, which are dominated by

nuclides like cesium 137, things with a long half
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life.

O, Now, again, focusing only on the
early fatality situation and leaving aside the
latent injuries and so forth, do you have any
general understanding what the conclusion was on
the Sandia Siting Study as to how much the
across-the-board source terms would need to be
reduced in order to have no or virtually no early
fatalities?

A. I don't remember the numbers in it.
They had tables that brought it down, as I recall,
two orders of magnitude or more, a factor of 100
or a factor of 1,000 but I don't remember the
nuclear results,

That was only a secondary thing.
That result was focused on siting parameters and
the risk significance of siting parameters in that
case, and that sensitivity analysis was to provide

the regulatory thinker with an appropriate

understanding of the significance of the uncertainty

in source term,

Q. Now, again, Mr. Bernero, I was struck
by a passage in your deposition from last week in
which you said, generally, that "A reduction in

source terms for iodine were accident segquence
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specific and plant geometry specific.”
I can give you a page, but perhaps

you just generally recall that.

A. Could you give me the page, please.
Q. Sure. It's page 23.

A. Yes.

Q. Top of page 24, actually.

A. Yes, I recall the passage now.

Q. Given that opinion of yours, what

uncertainties, in your judgment, are introduced by
employing the WASH-1400 source terms that model
the Surry Palnt and applying those source terms in
an effort to model the releases that one would
expect to find from the Indian Point Plants?

A, well, I believe that on comparison,
if you looked at the Surry Plant and the Indian
Point Plant, you would find that the containment
in the Indian Point Plant is in =-- in either one
of the Indian Point Plants, is stronger, larger,
thhan the Surry Plant.

Also, you would have different
probability distributions for the different
accident sequences, that is the relative
likelihood of blackout as against loss of coolant

accident or some other accident sequence.
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One of our concerns about the limited
surrogate character of the Surry Plant lead us to
add the analysis of a fifth plant to this body of
work, the Zion Plant, which is fairly close to
Indian Point, I believe.

Q. You mentioned the containment
strength. Wwhat other plant specific features
would be important to an evaluation of source term
behavior?

A. The distribution of accident
sequences, the relative likelihood of one seqguence
over the other, because each sequence has its own
source term characteristics, different timing of
the core deterioration and melting, different path
ways for the noxious radionuclides to travel along,.

Q. Now, in your answer contrasting
Indian Point with Surry, I think you have said
that the Indian Point containments were larger,
but what effect would you expect that to have on
source term behavior?

A. There is a risk significant question
in any of these reactor analyses, and that is to
evaluate or assess the vulnerability of the plant
to early containment failure. The reason for the

interest is that the best known phenomena which
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stand to reduce source term are those 1in the
containment atmosphere, and if the containment
fails early in the accident, then those phenomena,
those forces in the containment, have little or no
time to work on the source term.

Q. So if I understand you correctly, the
long«r the tame in which the =-- the longer the
holdup time of the materials inside the
containment, these forces and processes that you
referred to would result in a reduced release when
the release actually were to occur; is that right?

A That's right. The larger, stronger
containment, all else being equal, will hold the
material longer and permit further time for
material to aglomerate and plateout on surfaces or
fall to the water at the floor and be out of the
source term.,

Q. Now, to your knovledge, in the
connection with the Staff's testimony for this
proceeding, did they attempt to model even in any
sort of gross way the differences in source term
because of the plateout and the other things that
you have just referred to that might be expected
at Indian Point versus what might be expected at

Surry and more implicit in the source terms used
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on a very shallow angle to the rear of the insect.

The upper unsupporting legs which are

falling at a much slower rate or inclined in a

much more shallow angle than the other legs,

describe the WASH~1400 CORRAL Code, and the way it

models the fallout of aerosols in the containment

Other codes, such as the HAUA Code,
fall or predict fallout of aerosols at a more
rapid rate, and, therefore, time that is delay in
containment fa. lure is even more effective of
source term reducer,

Q. Now taking a factor of ten reduction

for iodines as sort of a yard stick and looking at

these mosquito curves that you just referred to,
after what period of holdup time in the
containment does one obtain a factor of ten
reduction in iodine?

A. I don't remember the exact numbers
from that curve. It's on the order of hours,
eight hours or ten hours or something like that.

Qs Now, you mentioned the use of the

NAUA Code. Can you tell us what role that
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displayed in the Staff's ongoing examination of
these issues?

A. The NAUA Code or the NAUA 4 is the
version that we consider for use now. It is being
used instead of the CORRAL Code in our present
estimates of aerosol behavior in the containment.

At this time, it appears to be the
most valid model available for such prediction.

Qs Now, when one uses the NAUA 4 (Code
versus its analogue in the WASH~1400 analysis; and
when one looks at the late containment failure
accident sequences, does not the NAUA 4 Code
result in approximately a factor of ten reduction
in the source terms?

A. At some delay time that is
containment failure time, yes. Those curves 1
described in NUREG-0772, you can read the
difference at any given containment failure time.
The longer the containment holds, the more
dramatic is the reduction you calculate with NAUA
as compared to CORRAL, which is the WASH-1400.

Q. Now, while we are on the subject of
codes, Mr, Bernero, you are aware, I believe, that
the Staff used the March 1 Code in its analysis of

the IPPS5SS study as to the IPPSS investigators?
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A Yes, I'm aware of that, the March 1.1
Code or some derivative of it.

Q. And is it your view that when one
employs the March 1.1 Code, one models a more
rapid core heatup than you would expect?

A. Overall, yes, that appears to be the
case. We are just now comparing the results of
the improved March Code, which is called March 2.0,
and after incorporating all of the changes, it
appears that the March 2.0 code gives an overall
slower coremelt time prediction, that is the
heatup to coremelt, it takes longer, although the
individual shape of the curve can be different.

Q. Now, Mr. Bernero, specifically with
reference to the Stratton and Rodger and Potter
source term testimony, Mr. Colarulli showed you a
few entries on table 1.A, and you testified that
you had no information or data suggesting that the
benavior would be otherwise.

As a general matter, based on the
Staff's current examination of source term issues,
is there infcrmation or data to suggest tha*
source term behavior would be otherwise than as
discussed in the Stratton and Rodger and Potter

testimony?
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A. 1 presume you are referring to table
A-l1 in the ~- as the first of that series of
tables in the Stratton-Rodger testimony.

Qe Yes.

A No. The Staff doesn't have data that
suggeste contradiction of this walkthrough and
quantification of the source term, so much as the
Staff sees it as a more complex analysis being
needed, the complex interplay of heat transfer and
mass transfer, as you go through the accident
scenario, which is the substance of the work we
are doing today.

Q. S0 would it be a fair statement in
your view that the Stratton-Rodger-Potter
reductions may be demonstrable? You just don't
know at the present time?

A. We just don't know yet.

JUDGE GLEASON: Exhausted this
subject, Mr. Brandenburg?

MR. BRANDENBURG: Why, Mr. Chairman,
you must be reading my mind., I think that was my
last gquestion.

JUDGE GLEASON: Thark you. We'll
stand at recess, Mr. Blum, until 2:00.

(Hearing adjourned at 1:00 p.m.)

1
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(Hearing receoenvened at 2:10 ;.m,)

JUDGE GLEASON: All right, if we
¢could proceed, please.

JUDGE GLEASON: Mr. Blum?
CROSS-EXAMINATION
BY MR. BLUM:

B Mr. Bernero, you recall talking about
the rough estimate of a factor of ten reduction in
source term; is that correct?

A. Yes. Wwhen I say estimate or you say
estimate here, I believe you refer to what I call
an expectation or a personal prognosis, and, yes,
I do recall talking about it.

Q. Right, and you testified that that's
very approximate in two ways; one that it is only
a prognosis, and the other is that it lumps
together a large number of separate figures which
might be gquite different from one anrother; is that
correct?

A. Yes, indeed, that's so. The number
of separate figures would cover the spectrum both
of different radionuclides and chemical forms
thereof as well as different accident seguences
where the behavior can change,

Q. So just to make things very
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uneguivocal, you are not suggesting that the Board
or anyone else should rely on a factor of ten
source term reduction from WASH-1400, are you?

As No, not at all.

Q. You are familiar with the peer review
meeting that occurred on January 25 and 26, 1983
for the NUREG-0956 draft study of accident source
term?

A Yes, I am familiar with that
proceeding. I1 did not attend, and I would like to
insert a clarification., That was the peer review
discussion of a portion of NUREG-0956. It was the
analysis of but one plant, and it will be a
relatively modest portion of the whoel NUREG-0956
document.

Q. Are you familiar with the attenuation
factors for iodine and for cesium that were being
discussed as rough working hypotheses in that
meeting?

A, To some extent. I did not attend the
meeting, but I have read all of the peer comments
that derive from the meeting and have had Staff
reports and clarifications that might be
appropriate based on the meeting.

So I'm not sure what you are
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referring to when you say "the attenuation
factors."”

Q. Well, the specific thing to which I
was referring were table 7.14 and 7.15. The
specifics of which -- I don't know if we have

-=- go ahead. .

A, If I could interrupt you, I think I
understand what you are referring to now. You are
referring to the calculated release or source term
fractions that were in that report, and there was
a good deal of discussion comparing them to the

reactor safety study equivalent fractions. Is

this the --
Qe Yes.
A, Those tables you cite sound like the

ones that do that.

Qe Yes:, that's correct, and you do
recall generally that there were a number of
release fractions for iodine and cesium that were
where the attenuation factor compared with

WASH-1400 was much less than a factor of ten?

A, Yes.

Q « Were you not?

A. Yes,

Q. In your testimony, you state that
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containment.

Qe But do you recall whether in the
source term fractions that IPPSS used they imposed
some reductions over, some reductions as compared
with those used in WASH-14007?

A. I would expect so. We have to be
careful of terminonlogy here. Normally, when we
speak of the source term fraction or source term,
we mean what gets out with the accident
culmination, namely, the containment failure
occurs, so that since you are dealing with a
different containment in this different plant, you
might, indeed, have a different or quantitativecly
different source term, but nevertheless, the
physical chemical industry description within that
containment and within that reactor coolant system
might still have been . ie same as was done in
WASH-1400.

So technically, the source term would
have a different number, but the same model.

Q. Do ycu recall in IPPSS that there was
a probability distribution where at one end, it
was either the WASH-1400 estimates or a factor of
two above those were used and then as you went

down the spectrum, there was a factor of half
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times the WASH-1400 estimates and then a tenth of
the WASH-1400 estimates?

A I don't recall that specific thing.

I have read portions of the IPPSS study, and I'm
not expert to testify in exactly how they treated
things there.

Q. well, then, just to be clear on your
testimony, the import of it is that if IPPSS had
used the WASH-1400 model and estimates unadultered,
it would in the process, be somewhat conservative,
but you take no position on IPPSS as it exists,
whether it, in fact, it has treated source term
conservatively?

MR. BRANDENBURG: I object to the
form of the question, Mr. Chairman.

JUDGE GLEASON: Objection is
overruled. Answer the guestion.

A, I take it rather the thrust of my
testimony is that insofar as the IPPSS used the
physical chemical industry models of WASH-141.0,
with respect to radionuclide kehavior in the
reactor coolant system and in containment prior to
containment failure insofar as the IPPSS used
those models, I would describe it as a

conservative use or an overestimate of source cterm.
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those models, reduced the numbers by a factor of
five or a factor of three or a factor of ten, that
would have an offsetting effect, would it not.

MR. BRANDENBURG: OCbject to the form
of that question, Mr. Chairman.,

JUDGE GLEASON: Objection denied.
Answer the qguestion.

A, I have no testimony or expert
knowledge on further alterations or modifications
of those models.

Q. So you express no opinion as to
whether IPPSS in its totality has treated the
source term issue in a conservative manner; is
that correct?

MS. MOORE: This was asked and
answered, this question. 1 object.

JUDGE GLEASON: There may be an
answer but he's scurying an answer, Miss Moore.

Now, the gquestion was does he in fact
know it was in the IPPSS in this area or doesn't
he. If he says he doesn't, then we can -- which
I thought he said at one point, but he Kkeeps
throwing caveats in, so I don't know where he

stands.
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A, As I understand IPPSS, it takes the
WASH-1400 model of radionuclide behavior in the
reactor coolant system ard in the corntainment
prior to containment failure and then after some
analysis of containment, draws some conclusions
about delayed overpressure failure of containment
as being a predominate containment failure mode.

I have not reviewed and cannot =-- I
don't .now in detail what they cdid to justify the
delayed containment,

The only part of that that 1 address
is their model for radionuclide behavior in the
reactor coolant system and in containment, and
that was all 1 was speaking to in my testimony.

MR. BLUM: Well, could we possibly
have the question read back? I would like an
answer to the specific guestion.

JUDGE GLEASON: All right. Let's
have the question read back.

(Question was read back.)

A, That is correct,

JUDGE GLEASON: All right. Fine.

Q. Thank you. You recall speaking
earlier about the effect of source term reductions

on the value of mitigation measures? Do you
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recall that?

A. Yes, I recall that.

Q. You are familiar with a general
practice of assessing the value of mitigation
measures by their relative risk reduction; are you
not?

A Yes, I anm.,

Q. And a reduction in source term would
not necessarily lessen the relative reduction
factor of mitigation measures, would it?

A. I think you said "the relative
factor."” I said earlier that I believe that if
you reduce the source term, meaning you reduce the
amount of radicactive material which is released
from the plant under any given accident sequence,
you have reduced the risk of the plant, the
estimated risk of the plant, and, therefore, there
is less risk to be further reduced by the addition
of some mitigative feature.

In that respect, a reduction of
source term has the force of reducing the risk
reduction effectiveness of a mitigative feature.

Yes, I understand that as regards
absolute risk, but perhaps if I give an example,

if you assume that Indian Point has a certain
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level of risk and then with a system of filtered
vents it's level of risk is reduced by a factor of
ten and then you assume Indian Point with a lower
source term, the lowering of the source term would
not necessarily mean that the relative reduction
value of the filtered vents would nc longer be ten,
would it?

A. I think it would. I think a lower
source term would, indeed, on its face reduce the
risk reduction effectiveness of a feature such as
a filtered vent.

Q. wouldn't the relative risk reduction
really depend on how the reduced source term
affected the importance of various accident
sequences as compared with one another?

A. Yes, it would. I am presuming for
this discussion that the reduction in source term
is a relevant one to this accident scenario or to
this mitigative feature. A filtered vent
containment systom for example, has no merit in
reducing the risk of Event VvV, which is a
containment bypass sequence.

I'm assuming in your questions that
we are discussing a source term, an accident

sequence and a mitigative feature which all have
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relevance to one another.

Q. Aren't you assuming that the source
term reductions apply to those accidents that are
mitigated by the feature more than they do to
those accidents that are not mitigated by the
feature?

A, I'm just assuming that they are
relevant, that they do, indeed, apply to that
accident sequence and that feature ‘n guestion.

Q. But if the source terms apply to all
accident sequences equally, those which were
mitigated and those which were not, would it not
have no effect on the relative risk reduction of
the mitigation feature?

A. I'm afraid I don't understand the
guestion. Could you repeat that, please. You
have at least two negatives in that question. I
don't understand it.

Q. Okay. It's true, is it not, that the
way relative risk reduction of a mitigation
feature is affected is by a differentiation effect
on the accident sequences that are mitigated and
the accident sequences that are not mitigated? Do
you follow that?

Ao YPS’ I dO.
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<o S. that if you had a reducztion in
source term that hypothetically apply te all
sequences equally, those that were mitigated and
those that were not =--

A, Yes.

Q. -=- that reduction in source term
would not affect the relative risk reduction
provided by the mitigation feature?

A. No, I think it would. If I take your
definition that, let's assume we have a reactor
with only two accident sequences and unit source
term applying to each accident sequence and we
reduce ‘'hat source term to .5 for each accident
sequence and I have a mitigative feature that can
operate only on one of the two accident sequences,
that mitigative feature now has only .5 of what it
had to work on before, and it is inherently
reduced in effectiveness because there is less
risk reduction for ic to perform.

Q. That's true for the absolute
consequences, the number of people who would be
killed or the amount of property damage, but it's
not true for the percentage of risk that's
alleviated by the mitigation feature, is it?

A. If you are saying that, now at .5 for
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virtually eliminate one of the .5s and, therefore,
have the risk, yes, I agree with you, if that's
how you define the relative risk.

Q. Isn't that generally how relative
risk is defined in considering mitigation features?

A. Not really. Then I think we have a
more fundamental disagreement of thought. The
risk reduction effectiveness of a mitigation
feature is generally spoken of as the risk
reduction compared to some cost or penalty for
putting in such a system; and the risk reduction
is measured as risk before minus risk after, where
it is, in a sense, the increment of total risk or
the increment of absolute risk and not merely the
percentage.

The percentage can be quite
misleading. 50 percent of a very small number is
not significant. 50 percent of a very large
number, of course, is significant.

Q. Okay. I think we understand each
other now.,

As to whether the approach you first
mentioned being the approach that's generally

accepted, there will be some further discussion
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with another witness, but we can go onto another
topic.

You stated in your cross-examination
by the the Licensees that with regard to using
conservative source term estimates, it was very
important for any decision-maker that used them to
understand the uncertainty and the biases that
were embedded in the numbers they used.

Do you recall that?

A, Yes, I do.

Qe And would you stand by that same
principal as regards all use of quantitative
numbers by decision-makers?

A, Yes, 1 do.

Q. So that would apply, for example, to
uncertainties and biases in a calculation accident
probabilities as well as to source term?

MS5. MOORE: Objection, Mr. Chairman.
We are getting beyond the scope of the witness's
direct testimony. He's here to testify about the
Staff's position concerning a particular given
subject.

MER. BLUM: well, that's the last
yuestion in the line. In essence, it was answered

by the previous one. I don't think it's terribly
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beyond his testimony, but it's not worth a fight.
JUDGE GLEASON: I was going to say
all the cross-examiners have gone way beyond the
witness's direct testimony.
Answer the question.

A. Yes, in risk analysis overall,
probabilities and consequences, I think, it is
important for the decision-maker to know the
uncertainties.

Q. Could you elaborate for us, in your
view, the relevance of the wind scale accident for
Indian Point? What similarities do you perceive
between the plant with wind scale and Indian Point
Plants?

A. Based on my limited experience or
knowledge of the wind scale accident, I see very
little similarity, except, perhaps, in some
individual physical chemical processes within the
core. That was a gas-cooled reactor which
essentially had a core fire, and though a physical
chemist might find something relevant to Indian
Point, I see little similarity.

Q. What differences are there in the
plants that make it difficult to exstrapolate

results from one to the other?
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A. It was a different type reactor. It
was a gas-cooled reactor with a grephite core. It
had an accident mode which cannot happen
physically in a pressurized water reactor. The
core cannot burn in a pressurized water reactor in
place, that is.

Q. Okay. Could you now tell us some,
essentially the same question for SL-1, what
similarities are there between that reactor and
Indian Point?

Ao SL-1 was a water reactor, It had a
peculiar accident sequence, a power excursion or
power burst from shutdown, and it has some
similarities to accidents that might occur in a
pressurized water reactor such as Indian Point.

Qe wnat differences are there that make
it difficult to exstrapolate results from SL-1 to
Indian Point?

A Well, the accident sequence in
particular, the power burst the from full shutdown
as agjainst a coremelt accident following operation.

Q. Why does that different significantly
for making calculations with regard to source term
expectations?

A Well, the behavior is going - in
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release of material. The fission process was
started and went so rapidly that it went out of
control and caused what amounted to a steam
explosion, which broke up the reactor to a very
great extent, and that is physically a very
different sequence of events than having some sort
onf, oh, say, a blackout sequence where there's a
loss of power and the core is not cooled and
slowly heats up and melts.

Q. Why would these physical differences
in the sequence be likely to affect calculaticns
with regard to source term?

A. Different distributions of
radionuclides. You have different heat transfer,
different mass transfer patterns.

Qe When you say "different," can you
give us some sense of ho. large a difference you
are talking about?

A. No, I cannot.

Q. But I presume you don't mean these
are simply small differences?

A. Ch, they are major diiferences in a
scenario, and one can look at an accident seguence

like SL-1 and learn something about the behavior
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circumstances that may be useful insight into the
behavior of iodine in other sequences such as the
ones 1 spoke of or we speak of in large commercial
power reactors.

s Well, you wouldn't endorse
gquantifications based on comparison with that
plant?

MR. BRANDENBURG: I1']11l object, Mr.
Chairman. I don't know what guantifications the
gquestion assumes.

MR. BLUM: Well o

JUDGE GLEASON: Answer the question.

A, If one is Quantifying a model for the
behavior of some radionuclide based on some data
from that accident, it could be a valid basis for
gquantification.

If one took simply the release from
such an accident and tried to characterize that as
a fair guantification of the release from a
totally different accident in a light water power
reactor, I don't think that would be valid.

(1 % Well, when you say, "it could be," is
it your testimony that it's plausible to you that

it might be but you do not know whether it is?
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A Yes, that's right,

Q. Now, if you could also address the
Fermi Breeder Reactor, what similarities are there
between that and Indian Point.

A. That was a metal core, liquid metal
cooled breeder reactor and it's a different type
of reactor. The mechanisms at work were quite
different than what we have in a light water
reactor accident.

Q. So is it your testimony that it would
be very difficult to exstrapolate results from
that type of reactor to Indian Point?

A, Yes.

Q. Could you tell us a little bit about
the most recent and accurate time table for
completion of NRC sponsored source term research?

A, As I said in my testimony, I think on
the clesing pages, we are at the present time
doing analyses of five plants and preparing for
each of these plants a detailed physical model of
radionuclide behavior in the dominant accident
seyuences, and by " dominant,” I mean the ones
selected to cover the full spectrum of accident
types, not by their probability but by their

physical behavior.
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We are doing five plants, Surry,
Peach Bottom, Grand Golf, Sequoia and Zion, and we
expect to have the five analyses complete this
summer; and, in addition, we are preparing a
separate -- or our contractor is, Oak Ridge
National Laboratory is preparing a separate report
to provide a fairly concise definition of the
technical data base for these detailed code
predictions.

That report also is expected or
scheduled to be available late this summer.

Wwith those combined reports of what
I1'11 call the physical science of source term
prediction in hand, we will be doing a peer
evaluation through the later months of this year,
and we expect by the end of the year to be in a
position te¢ judge whether we, indeed, have a sound
basis for quantitative reassessment of severe
accident source terms.

Q. “hank you.

MR. BLUM: I have no furcher
guestions.,

JUDGE GLEASON: Any redirect?

MS. MOORE: I have no redirect, your

Honor.
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JUDGE PARIS: Mr. Bernero, will you
describe the pathway for the release of iodine in
the TMI 2 accident briefly?

MR. DERNERO: My description of this
is based on my having participated in the THMI
special inquiry for the US Nuclear Regulatory
Commission, the so-called Ragovan inquiry.

As I recall, the accident sequence
early on had a bypass from the reactor building
sump into the auxillary building where some water
of relatively low activity level got into the
auxillary building and out to the floor.

It is my belief from the studies we
did in that ingquiry that the releases from that
amount of water are negligible or were negligible.

The iodine release in TMI was
predominately, I believe, from the letdown and
makeup system of the reactor, which was operating
throughout the early days of the accident, namely,
taking reactor coolant from whatever the pressure
was at the time, reactor coolant syscem pressure,
bringing it out into the auxillary building
through the letdown oriface, depressurizing it and
putting it into holding tanks and later pumping it

back into the reactor coolant system.
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During the degasification, which
accompanied this depressurization, noble gasses,
in particular, were stripped from that coolant.
They normally would have gone through a body of
piping called the vent header into waste gas delay
or hold tanks.

The vent header was leaking at the
time, and virtually every time there was a letdown
and pumpover of this gas, there was a leak. It
would leak from the header and go out the stack in
the ventilation system from the auxillary building.

The activity so releaseed was
detectable principaily because of the radioactive
noble gasses, and I believe that the iodine that
did get out came out along with that, a small
amount of icdine at that same time or those same
releases,

JUDGE PARIS: Well, is it correct
that most of the iodine that was released at TMI 1
was not released as molecular iodine?

MR. BERNERO: I don't know in what
form -- I don't know in what form it was
released, whether it was as organic iodine or
molecular. I believe it would have been a

volatile species to travel the way it did, with
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the noble gasses, either the organic iodides or

molecular iodine, more likely the orcanic.

JUDGE PARIGS: You said in your
testimony that the TMI 2 accident might not be a
suitable model for a containment breach type
accident as far as behavior of iodine is concerncd.
Could you elaborate on that a little bit?

MR. BERNERO: The iodine that would
be released in a containment breach accident would
be whatever iodine is readily available in the
itmosphere of the containment at the time of
containment breach.

I1f, on the other hand, one would take
the water from the reactor as was the case in TMI
and slowly circulate it out into another building
so that the noble gasses are vented off of it, but
if there is no massive force to release iodine
trom; it 3 n t think you get a fair estimate of
the an . at could be released.

.* comes much, much later in the
accident. The release in TMI occurred over a
period of several days in the case of TMI, and the
containment breach accidents of risk significance
are ones where the containment would be breached

within hours of the onset of the accident long
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JUDGE SHON: I had a couple of
questions, Mr. BRernero, generally focused on the
notion of CORRAL Code and the difference from
Stratton Rodger.

In particular, on page 7 of your
testimony you suggest that the CORRAL Code already
gets quite a bit of crib for the solubility of
icdine in water, and you mentioned this very large
number, L(he concentration in the molecular phase
is more than 10,000 times higher than that in the
containment atmosphere. That's of the nature of a
partition factor.

THE WITNESS: Yes.

JUDGE SHON: It is not a real measure
of quantity in either phase because you have to
know the relative volume of the phases, and that
sort of thing.

So that could mean that it still
shows quite a bit of iodine in the atmosphere,
4oesn't it?

THE WITNESS: It could., The point I
was trying to make is that if you go into WASH
1400, Appendix 7, on physical process, it
describes the way it derived its model, which we

call the CORRAL Code, as an empirical fit to the
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data from the containment safety experiment series,
and the point of that partition factor being high
was such that it was so high that it even led to
controversey at the time that it claimed more
solubility for iodine.

Mind you, it was treating iodine as
elemental iodine. It claimed more solubility than
was deemed appropriate by many peopl:z at the time,
It was too optimistic, too much reducing the
source term,

The parameters are such that that
partition factor will give you excellent fission
product reduction for iodine, excellent
attenuation if you have almost any spray system
ocperation,

As I said in the testimony, the WASH
1400 concluded that the reactor building sprays
are very effective engineering safety features
because of that,

JUDGE SHON: Do you have any idea what
the corresponding partition factor might be if the
species being considered is cesium fodide instead
of iodine?

THE WITNESS: I think it would be

much higher. I wouldn't know a number to put on
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JUDGE SHON: I would have guessed that

3 too.
4 THE WITNESS: Actually, it is quite
5 different now., It is not a solubility equilibrium.

N

Now it is a salt solubility.

7 JUDGE SHON: Salts are notoriously
8 soluable?
9 THE WITNESS: Yes,
10 JUDGE SHON: And they are of a very
11 low volatility, generally speaking.
. 12 The second question touches on
13 something that you mentioned a moment ago and it
14 is on pages 8 and 9 of your testimony. I may be
15 asking you to explain something someone else has
16 done that you don't really find yourself in
17 sympathy with., But you mentioned that the CORRAL
18 Code is really based on the CSE, at the bottom of
19 this page 8 and top of page 9.
20 And then you say that the offers of
21 the Stratton testimony reject the quantitative
22 prediction of the radionuclide behavior in the
23 containment provided by CCRRAL because of their
. 24 belief in the CSE results.
25 I don't quite understand why that
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should be, If they like the CSE and CORRAL likes
the CSE, then why don't they seem more like one
another?

THE WITNESS: You are reitterating
our dilemma as well, It is a matter of
clarification. When we at NRC studied their
testimony, it appeared to us that they were not
recognizing that the CORRAL Code is basically an
empirical fit of the CSE data, and we were
somewhat puzzled. They seemed to be rejecting the
code but not the data source. It was a lack of
clarity, and that was the point we were trying to
make here, that if you accept the one, you accept
the other, unless, of course, you say it wasn't
properly fit, that there was a technical error in
the way t. e data were interpreted.,

JUDGE SHON: So you are just saying
you don't quite understand?

THE WITNESS: I don't quite
understand their apparent criticism of CORRAL and
yet at the same time citation of CSE as a good
source of data,

JUDGE SHON: The lost is a fairly
fundamental question and perhaps I should have

addressed it to you earlier., It certainly forms
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an earlier part of your testimony today and it

again relates to cesium jodine and cesium iodide,
and it has to do with the grounding which you say
is generally accepted for the notion that the
chemical form of the cesium and iodine, or at
least of the iodine, is a cesium iodide.

This is based, in part, T believe you
said, on the chemical thermodynamics of cesium and
of iodine, is that correct?

THE WITNESS: Yes. Free energy
calculations indicate that conditions are
favorable for that compound to form.

JUDGE SHON: Now, these are elements
that are present, radio elements that are present
in what 1 will call carrier free form. It is
notorious in physical chemistry that when the
concentrations of things are as low as they are,
if you carry the free form, ordinarily chemical
thermodynamics may be defeated by other factors.
You are aware of that,

How do we know that here this sort of
thing isn't being interfered with?

THE WITNESS: I am afraid I have to
defer to people far more expert thanmn I am in this

field. T think that that was one of the reasons
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the investigators in WASH 14000 looked at cesium

iodide and gingerly set it aside and chose to
treat it as free agents, the more mobile species.

I really here on the collective
judgment of all of the experts who are
contributing to our work now and who have
contributed tc NUREG 06772, published in 1921,
where they have addressed these issues and
concluded with general consersus that one can
trust the form to be predominantly cesium iodide
for the iodine, and cesium hydroxide, I believe,
for the bulk of the other cesium available.

There is some residue due of organic
iodide still to be accounted for.

JUDGE SHON: Thank you. I have no
further questions.

JUDGE GLEASON: Thank you, Mr. Bernero.
You are excused,

Will the licensees proceed with their
panel, please.
Whereupon

DONALD PADDLEFORD, was sworn by the
administrative judge, and testified as follows:

MR. BRANDENBURG: Mr. Chairman, at

this time the Power Authority and Con Edison would
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like to call to the stand Dennis C. Bley, Thomas

Potter and Dennis E. Richardson.
Whereupon
DENNIS C. BLEY
DENNIS RICHARDSON
THOMAS POTTER, having been previously
sworn, testified as follows:
DIRECT EXAMINATION
BY ME. BRANDENBURG:

Q. Will you state your full name and
address for the record, please, Dr. Bley?

A. (Witness Bley) Dennis C. Bley,
Pickard, Lowe & Garrick in Oakland, California.

Q. Mr. Paddleford?

A. (Witness Paddleford) Donald F.
Paddleford, Westinghouse Electric Corporation,
pPittsburgh, Pennsylvania.

Qe Mr. Potter?

A, (Witness Potter) Thomas E., Potter,
Pickard, Lowe & Garrick, Washington, D. C..

Q. And Mr, Richardson?

A, (Witness Richardson) Dennis C,
Richardson, Westinghouse Electric Corporation,
Pittsburgh, PA.

Q. Do each of you have before you a copy
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’ ] water pumps."

2 On page 24, the second paragraph

3 under section 6, "Conclusions,”™ the second line of
a that paragraph, insert the words "health risk"

5 after the word "preliminary," so it reads

N

"preliminary health risk safety goals.,"

7 And in Donald F. Paddleford's
g statement of professional qualifications the
9 second item, postgraduate course in engineering,
10 it should read "CMU, not "SMU."
11 That's all,
12 Q. With these changes, errata and

@
13 additions is this testimony true and accurate to
14 the best of your knowledge, information and belief?
15 (All answer in the affirmative., ).
16 Q. Do you adopt it as your testimony in
17 this proceeding?
18 (A1l respond in affirmative."
19 MR, BRANDENBURG: Con Edison and the
20 Power Authority move the admission of this
21 testimony in this proceeding and ask that it be
22 bound into the record as if read.
23 MR, BLUM: We do have objection to

. 24 section 3 of this testimony and we will be moving
25 to strike,
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JUDGE GLEASON: What page is that?

MR. BLUM: That's on page 4 and it is
titled "Comparison with the Nuclear Regulatory
Commission preliminary safety goals.” Our motion
to strike is based on two separate grounds.

JUDGE GLEASON: Which pages does it
cover now? All of section 1?

MR. BLUM: Yes. It would cover pages
4, beginning six lines down, through page 8,

JUDGE GLEASON: Let's hear your
objections.,

MR. BLUM: We would also be moving to
strike six lines out of the conclusion which
reiterate this portion of the testimony.

The first ground for the motion to
strike is that the document which the licensees
cite, that is, what is put out by the Nuclear
Regulatory Commission on Monday, March 14, 1983,
entitled, "NRC sees public comments on plan for
¢valuating safety goals,” specifically includes an
instruction that these safety goals are not to be
used In hearings or in licensing process,.

Specifically, on page 7, the bottom
paragraph reads, "The qualitative safety goals and

gquantitative design objectives contained in the
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commission's policy statement wi'l not be used in
the licensing process or be interpreted as
requiring probeble risk assessments by applicants
or licensees during the evaluation period. The
goals and objectives are also not to be litigated
in the commission's hearings. The staff should
continue to use conformance to reglatory
requirements as the exclusive licensing basis for
plants.”

The basis for this statement is that
these goals are preliminary at the present time,
they are put out for comment, for general guidance,
but they are not to be given any weight in the
hearing processes, and, therefore, any reliance on
them by a licensing board would be premature at
this time and has been specifically forbidden by
the commission.

I can go on and mention our second
basis for the motion to strike,

JUDGE GLEASON: Why don't we get it
all in.

MR. BLUM: The second basis is there
is really no probative value to this portinn of
the testimony and it is apt to be somewhat

confusing. The probative value is measured with
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reference to the commission's question which calls
for a comparison of the Indian Point risk with the
range of risks of other existing nuclear plants.

Now, the safety goals are not derived
from any summary of risks of existing plants
averaged together., They are picked on the basis
of comparison with other sorts of accidents or
mortality outside the nuclear area, or whatever,
But it does rot, it absolutely does not represent
the range of risks of other nuclear plants.

Now, it is conceivable that the two
r y coincide, for whatever reasons the safety
goals may or may not be the same as the risks of
most other plants, But the only way that would be
known is by comparison with the other PRAs.

That is, what would really be done is
to compare the safety goals with the (ther PRAs so
the safety goals could then be used as a range of
risks and then comparing the safety goals. But if
that's what's being done, this really adds nothing
over comparison with the other PRAs, which is what
is done in section 4 of this testimony, and is
really the relevant part of the testimony.

So section 2 really adds nothing in

the way of answering the commission's qguestion and
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is simnly apt to be a source of confusion.

JUDGE GLEASON: Do you have a third
cbjection or is that it?

MR, BLUM: Those two are it.

JUDCE GLEASON: Mr. BPrandenburg.

MR. ERANDENBURG: I would like to
speak first, Mr, Chairman, and perhaps Mr.
Colarulli has some other grounds.

I think that the motion should be
denied if for no other reason that Mr., Blum has
faiied to heed the board's advice to advise the
parties in advance of intentions to strike,

Prior to hearing Mr. Blum's remarks
just a few seconds ago, he at no prior time
communicated to me his intention to strike this
testimony, although he has had it since March 22.

Now, just listening to Mr. Blum's
words, I think they the arqument contains the
seeds of its own lack of merit, Mr, Chairman.
Even as Mr. Blum referred to the commission's
statements which accompanied the issuance of the
draft safrty goals, Mr. Blum himself quoted words
to the effect that this document should not be
used in the licensing process, and I hasten to add

that this is not a licensing process This is not
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a licensing hearing.

These plants have a license and that
license is not somet:hing that is being litigated
here,

The commission gquite clearly intended
that the safety goals should not be used as a de
facto speed limit or green light or anything for
licensing in the absence of all of the other
complex licensing considerations that are
attendant to such a proceeding.

This is not such a proceeding and I
submit that absoclutely no hardship is being or
lack of respect is being given to those
instructions of the commission by virtue of the
fact that this is a mere investigatory proceeding.

As far as the lack of probative value
of these commission goals, T think even Mr. Blum
would be the first to admit that a lot of thought,
very careful thought within the commission and the
commission staff went into these.

While they are indeed preliminary,
nonetheless I think that they do offer valuable
insights at this point in time for this licensing
board to make analogies, and so on, and to reach

its conclusions with respect to commission
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question S.

To the extent that the probative
value of these goals is less than because they do
not specifically reference other plants, I think
that is a factor that this board is fully taking
inte consideration as it weighs the testimony.

MR, BLUM: Your Honor, if I may
respond to Mr, Brandenburg's first point, I did
notify two attorneys for the Power Authority and
had assumed that that would get passed on to Mr.
Brandenburg.

JUDGE GLEASON: When did you do that?

MR, BLUM: At the first opportunity
this morning. Last night was the time when we
hegan to make the decision to make the motion to
strike on this testimony.

MR, BRANDENBURG: That testimony
sounds self contradictory, Mr. Chairman.

JUDGE GLEASON: Do you have anything

to add, Mr, Colarulli?

MR, COLARULLI: Just briefly, your
Honor. This clearly is a unique proceeding., The
commission set a mandate for this board to

determine what is the risk posed by the plants and
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how does that risk comp«re to other risks posed by
other plants.

Clearly when the commission did that
in January of 1981, and again in September 1981 in
its orders, it did not have before it the March 14,

1983 preliminary safety goals. One would posit,

going back to the commission and sajying:

Commission, do you want us to lock at the safety
goals? But clearly, without doing that, this is a
goal, a measuring stick that could be used to
great effect in this proceeding.

I would note that staff in its
question 5 testimony has also, with a number of
qualijfications as we have, used i1t in some way to
measure the risk proposed by Indian Point. I kihow
that UCS's witness, Mr. Shalley, makes several
passing negative comments about the safety goal as
well,

So, clearly all the parties to some
extent have addressed the safety goal. We believe
the commission should not be denied this valuable
piece of information,

JUDGE GLEASON: Does the staff have
some comments?

MS. MOORE: Yes, your Honor. While we
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‘ 1 do agree that the policy statement does say that
2 the safety goals themselves are not to be
3 litigated in licencing proceedings and the goals

o

are not to be used in licensing proceedings, we,

5 too, believe that in this particular proceeding
6 for the limited purpose of presenting perspectives
7 on the risks posed by Indian Point, that a mention
g of the safety goal is appropriate, and in fact we
9 have done just that in our question 5 testimony,
10 for the purpose of presenting some perspectives
11 rather than for a comparison purpose or for using
12 the safety goal as a reglatory tool, as I believe

&
13 our testimony would state.
14 MR. BLUM: If I may respond, it is
15 unclear -- there is talk about general
16 perspectives teing provided but it doesn't seem to
17 be an answer to the commission's question, which
18 asks for a2 comparison of this plant and other
19 plants in general, and the safety goals are
20 decisively not that.,
21 The other thing is I would mention
22 that in those respects it is being treated as a
23 licensing hearing. There are many aspects of

‘ 24 rules and procedures of licensing hearings that
25 have been incorporated for this one and it is a
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hearing where the license of a plant is at stake.

2 1t is somewhat different than usual
3 where the plant begins without a license and it is
a determined whether it will acquire one. But it is

wn

a hearing oriented ultimately toward the question

5 of a license,.

7 JUDGE CLEASON: Your point being it

8 would be more important to have fixed standards in
9 this kind of proceeding than even in regular

10 licensing proceedings? On safety goals I mean.
11 MR, BLUM: I am sorry, I didn't
. 12 understand,
: 13 JUDGE GLEASON: Let it go, Mr. Blum.
14 (There was a pause in the proceeding.)
15 JUDGE GLEASON: T guess you can gather
16 somewhat by the pause that the board has a little
17 bit of uncertainty with respect to this motion and
18 to the references of this testimony and the
19 Nuclear Regulatory Commission's preliminary safety
20 code.
21 We have concluded that our best
22 course is to deny the objection, to let the
23 testimony in, with the clear understanding that we
ili 24 will be taking a2 very careful look at it, as well,

in fact, all other aspects of the study itself, as
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. 1 we make our recommendations as to what kind of

N

reliance, if any, we are going to put on it,

3 That's about where we are,
4 All right.
5 MR, BRANDENBURC: Mr, Chairman, the

N

panel is ready for cross-examination.

|
|
o evidence and bound into the record as if read,

7 JUDGE GLEASON: With that objection
8 denied, the testimony will be admitted into
10 with the errata sheet and other changes indicated.
11 (The bound tostimony follows.)
. 12 JUDGE GLEASON: Do you wish to proceed,
13 Mr. Blum?
14 MR, BLUM: Certainly.
15 CROSS-EXAMINATION
16 BY MR. BLUM:
17 Q. Gentlemen, could you identify whether
18 there are any parts of the testimony that yocu, as ‘
19 individuals, wrote to help address the questions?
20 A (Witness Bley) Yes, we can, to some
21 extent, |
22 Section 5, the special design ‘
23 features should, for the most part, be directed to
. 24 Mr. Paddleford,
25 The questions that deal with
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11. INTRODUCTION

A central issue in this hearing is whether the Indian
Point nuclear power plants produce risks that significantly
exceed the range of risks posed by other nuclear power
plants in light of the demographic characteristics of the
area surrounding the Indian Point site. This issue is
articulated in Question 5 of the Commission's Memorandum and
Order of January 8, 1981, which asked:

Based on the foregoing, how do the risks
posed by Indian Point Units 2 and 3 com-
pare with the range of risks posed by
other nuclear power plants licensed to
operate by the Commission? (The Board
should limit its inquiry to generic
examination of the range of risks and
not go into any site specific examina-
tion other than for Indian Point itself,
except to the extent raised by the Task
Force.)

Risk can be measured by several health and economic
indices and from both an individual and a societal stand-
point. Population distribution and plant characteristics
affect these indices differently. In selecting which
indices are most important, guidance is taken from the
Nuclear Regulatory Commission's (Commission's) preliminary
safety goals, which emphasize early and latent fatality
risks (Reference 1). Similarly, the emphasis here is on the
effects of population distribution on early and latent
fatality risk.

Three different approaches to addressing Commission

Question 5 are taken in this testimony. First, a comparison




is made of the risks from the Indian Point plants to the
Commission's preliminary safety goals. Second, the risks
from the Indian Point plants, as analyzed in the Indian
Point Probabilistic Safety Study (1PPSS) (Reference 2), are
compared to the results of site and plant specific proba-
pilistic risk assessments (PRAs) of a number of other
nuclear power plants. Third, there is a discussion of the
benefits resultinc from the special design features at
Indian Point which are not present at all nuclear power
plants.
Individually and collectively, each of these
, comparisons supports the conclusion that the Indian Point

' nuclear power plants are in the range of risks posed by
other nuclear power plants. Specifically, (1) the risk of
latent fatalities at Indian Point is low and information
available suggests that latent fatality risks may not vary
greatly among nuclear power plants; (2) the absolute risk of
early fatalitiss is even lower than the latent fatality
risk, thereby reducing the significance of plant-to-plant
variability; (3) for both risk indices, the Indian Point
plants meet the Commission's preliminary safety goals; and
(4) anticipated reductions in source term estimates would
reduce both early and latent fatality risk and, in fact,
could effectively eliminate the early fatality risk. See
Licensees' Testimony of William R. Stratton, Walton A.

i

Rodger, and Thomas E. Potter on Question One (Jan. 24,
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is made of the risks from the Indian Peint plants to the
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pilistic risk assessments (PRAs) of a number of other
nuclear power plants. Third, there is a discussion of the
benefits resulting from the special design features at
Indian Point which are not present at all nuclear power
plants.

Individually and collectively, each of these
comparisons supports the conclusion that the Indian Point
nuclear power plants are in the range of risks posed by
other nuclear power plants. Specifically, (1) the risk of
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greatly among nuclear power plants; (2) the absolute risk of
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Licensees' Testimony of William R. Stratton, Walton A.

Rodger, and Thomas E. Potter on Question One (Jan. 24,



1983). In addition, plant features present at Indian Point
but not included at other plants are among the important
factors supporting the conclusion that the Indian Point
nuclear power plants are within the range of risks posed by

other nuclear power plants.

11I. COMPARISON WITH THE NUCLEAR REGULATORY COMMISSION'S
PRELIMINARY SAFETY GOALS

On March 14, 1983, the Commission published a Policy
Statement on Safety Goals for the Operation of Nuclear Power
pPlants. 48 Fed. Reg. 10,772 (1983). The preliminary safety
goals and design objectives apply to poth individual and
societal risk. Subordinate to these goals is a design
objective for risk to the plant, core melt frequency.

The preliminary safety goals represent a national
benchmark against which all nuclear power plants can be com=
pared. Therefore, the comparison of the risks from the
Indian Point plants to the Commission's preliminary safely
goals is one method of determining if these plants are
within the range of risks posed by other nuclear power
plants. Both Indian Point Units 2 and 3 are among those
plants which have health risks smaller than those adopted by
the Commission's preliminary safety goals.

Uncertainties in the calculated health risks for Indian

Point are offset by the large margins between these
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calculated risks and the preliminary safety goals. Reduced

source terms will result in even larger margins.
A. Individual Risk

The Commission's preliminary safety goals state that
the early fatality risk to an average individual in the
vicinity of a nuclear power plant1 should not exceed one-
tenth of one percent of the sum of early fatality risk to
that individual from other accidents. 48 Fed. Reg. 10,774.

To translate this goal into numerical form, we use the
United States national average accident risk of 5 fatal
accidents per 10,000 pecple per year (5 x 10~4 per year)
(Reference 2).

For the purpose of assessing the individual risk, the
Commission defines "vicinity" of the plant as a l-mile
radius. 48 Fed. Reg. 10,774. Using this definition of
vicinity and IPPSS emergency response assumptions, the

average individual early fatality risk has been calculated

1. According to the Commission,

the average individual in the vicinity
of the plant is defined as the average
individual biologically (in terms of age
and other risk factors) and locationally
who resides within a mile from the plant
site boundary. This means that the
average individual is found by accumu-
lating the estimated individual risks
and dividing by the number of indiv-
iduals residing in the vicinity of the

plant.

48 Fed. Reg. 10,774.




as a fraction of the national average accident risk. This
is then compared with the Commission's preliminary safety
goal in Table 1. The risk of Indian l'oint is weil within
this goal, by a factor of approximately 70 for Indian Point
Unit 2 and a factor of approxiuntoly.75 for Indian Point
Unit 3.
B. Societal Risk

For societal risk, the Commission's preliminary goal is
that the latent cancer fatality risk to the population in
the vicinity of a nuclear power plant should be less than
one-tenth of one percent of the cancer fatality risks from
other causes. 48 Fed. Reg. 10,774. For latent fatalities,
vicinity is defined as 50 miles. Id. The national average
cancer risk for a person in the United States is two deaths
per 1,000 people per year (2 x 10-3 per year) (Reference 2).

For this radius from the Indian Point plants, the aver-
age latent cancer fatality risk has been calculated as a
fraction of the national cancer fatality risk and is com-
pared with the Commission's preliminary goal in Table 1.
The risk of Indian Point is well within this goal, by a
factor of approximately 165 for Indian Point Unit 2 and 710
for Indian Point Unit 3.
C. Core Melt Frequency

Table 1 also shows the comparison of the Indian Point
Units 2 and 3 median core melt frequencies with the

Commission's preliminary safety goal. Because the Zion PRA



TABLE 1

COMPARISON OF RISKS FROM
INDIAN POINT PLANTS WITH NRC SAFETY GOALS

Indian Point 2 Indian Point 3 NRC Goal

Average Early Fatality

Risk Within 1 Mile as

a Fraction of Other 1.4 x. 1073 1.3 x 10°° 1 x 1073
Accident Fatality Risk

Within 1 Mile

Average lLatent Cancer

Fatality Risk Within 50

Miles as a Fraction of 6.0 x 1076 1.4 x 10°% 1 x 1073
Other Cancer Fatality

Risks Within 50 Miles

Core Melt Frequency (per " 3
year of reactor operation) 1.4 x 1074 5.0 x 1073 1 x 1074
internal plus external

Core Melt Frequency (per ¥ &
year of reactor operation) 5.0 x 107> 3.0 x 1077 no explicit
internal only goal stated

*Median Frequency
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(Reference 3) and the IPPSS are the only risk assessments of
which we are aware that give comprehensive treatment toO
external events, Table 1 also includes the median core melt
frequency of internal initiating events only. Considering
internal initiating events only, both Indian Point plants
meet the Commission's preliminary safety goal.

Although information on core melt frequency is provided
here for completeness in comparing the Indian Point pl nts
against the preliminary goals, the values of this parameter
are not of particular use in addressing Commission Question
5. This is because core melt frequency is a poor indicator
of public risk, as discussed in Licensees' Testimony on
Commission Question One, Boar¢ Question 1.1, ané Contention
1.1 (Jan. 24, 1983). This can be shown in two ways. First,
approximately 65 percent of the postulated core melt
scenarios at Indian Point Unit 2 and almost 95 percent of
those at Indian Point Unit 3 do not lead to significant
releases of radiocactive material to the environment.

Second, approximately 95 percent of the calculated early
fatality risk at each plant is due to the interfacing
systems LOCA, which contributes less than one-half of one
percent to the core melt fregquency. On the other hand, core
melt frequency is a useful indicator of economic risk tc the
customers and owners of Indian Point Units 2 and 3, as it is
a measure of the likelihood of losing the benefits of these

plants.



PRA COMPARISONS

Ancther way to compare the risks posed by the Indian
Point plants with those posed by other nuclear power plants
is *o compare site and plant specific PRAs for various
plants, all identical in scope and using state~of-the~-art
methodology. At the present time, however, such a compar-
ison cannot be made due to the limited number of available,
canparable studies. The following comparisons, however, are
possible:

1. A comparison of the IPPSS risk results

with those of other plants for which
reasonably complete PRAs have been pub-

lished. Only the Indian Point and Zion
PRAs include external events; therefore,

only comparisons on an intfrnal initi-
ator basis have been made.

A comparison of the IPPSS results with
the range of risks for nuclear plants
calculated by the Commission Task Force
Report on the Interim Operation of
Indian Point (Reference 4).

A. Comparison Of Risks Among Nuclear Power Plants

In connection with the comparison of risks among
nuclear power plants, it is important to note that PRA
methodology has been evolving rapidly over the last 10
years. The various published studies, therefore, differ

considerably in certain respects. Thus, when comparing the

1. While the Big Rock Point PRA did consider fires, it
4id4 not evaluate other external initiating events.




e 10 =

results of IPPSS with those of other ERA studies, it must be
recognized that such comparisons are not only of different
plants, but are also of different data bases and, in some
cases, of different methodologies. These studies vary in
scope and sophistication. some did not include external
events and/or public health effects, while others focused
only on a few systems or on one type of accident initi-
ator. With these reservations in mind, quantitative com-
parisons can be made.
1. Individual Risk

Table 2, which was compiled by the Commission Staff
(Reference 5), presents data from a number of plant specific
PRAs on the frequency of core melt, the frequency of a major
release, and the early and latent fatality risks to an indi-
vidual living within one mile of plant boundaries. The
values in the "Early fatality" column can be directly com=-
pared with the Commission's preliminary safety goal for this
health index (5 x 10'7). This table generally reflects the
range of risks from internal initiating events at United
States nuclear power plants because it includes a represent-
ative sampling of PWRs and BWRs, high and low population
density sites, power levels from 71 to 1250 MWe, and prin-
cipal reactor vendors and architect engineers. Although
this table has been reproduced verbatim from Reference 5,
additional information is also presented for Indian Point

Units 2 and 3, and appears in a box directly below the
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Indian Point results presented by the Staff. This
additional information is drawn from the risk calculations
in Licensees' Testimony on Commission Question One, Board
Question 1.1, and Contention 1.1. It includes risk results
from internal initiating events only to avoid an erroneous
caomparison of Indian Point internal plus external results
with internal only results from other plants. It also
includes the internal plus external results for Indian
Point. Based on the results in this table, the risk to an
individual living within 1 mile of Indian Point compares
favorably with the estimated risk to individuals living
within 1 mile of other nuclear power plants. Additionally.
the Indian Point core melt freqguency is wit*in the range of
other estimates presented in the tabls, an? the frequency of
a major release compares favorably with the estimates for
the other plants in the table.

Another valuable comparison is the frequency of the
interfacing systems LOCA, which is believed to be an
important contributor to early fatality risk at PWRs and is
the major initiating event contributing to the early
fatality risk at Indian Point. Estimates of the frequency
of this event at Indian Point and several other nuclear
power plants are presented in Table 3. The differences in
these estimated frequencies are due to a combination of

design differences among plants, as well as to testing and



Median (Nurber of
study PWR Plant Frequency Reactor Years) Reference
RSS Surry 4 x10°° 250,000 6
IPPSS Indian Point 2 4 x 1078 25,000,000 2
1PPSS Indian Point 3 4 x 1070 25,000,000 2
2988 Zion 3 x10°° 33,000,000 3
RSSMAP Ocanee 7 x 1072 14,000 7
RSSMAP Sequoyah 5 x10°° 200,000
IREP Crystal River-3 2 x 107 500,000,000 8
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maintenance procedures. The IPPSS accounted for testing and
maintenance, including some procedures which are not in
effect at all other plants.

2. Societal Risk

Societal risk comparisons have been compiled for the
PRAs listed in Table 4. Graphical comparisons of results
fron these studies are presented in Figures 1 and 2. Many
of the studies listed in Table 2 did not calculate risk
curves and are, therefore, not included in Figures 1 anc
2. The results from the German Biblis B risk study are
included in these figures, as in the Staff table, because
the study is recent, reasonably comprehensive, and analyzes
a high population site.

Because so few PRA studies have comprehensively exam-
ined external initiating events as does IPPSS, the compari-
sons in these figures are for internal initiating events
only. (The risk curves presented in the licensees' Question
] testimony included both internal and external events.)
Figure 1 shows the median risk curves for early fatalities
as presented in the various studies, and Figure 2 presents
similar results for latent cancer fatalities. These figures
support the conclusion that Indian Point is within the range

of societal risks posed by other nuclear power plants.
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TABLE 4

PLANTS USED IN THE GRAPHICAL COMPARISONS

Plant Beference

Indian Point 2

Indian Point 3

o N N

Surry
Peach Bottom
Zion

Biblis B

O WV w o

Big Rock Point 1

Limerick 11
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B. Comparison with the Commission's Task Force Results

In 1980, a Commission task force studied the effects on
risk of: (1) a typical pressurized water reactor (Reactor
Safety Study, Surry) at different sites; (2) different
plants at the same site (Indian Point); and (3) different
public protection measures (Reference 4). Because the
results of these studies are an indication of the range of
risks posed by nuclear plants in general, they are also used
for the comparison requested in Commission Question 5.

For this purpose, the median internal risk curves from
the IPPSS are presented in Figure 3 along with results from
Figure 11 of the Task Force Study for early and latent
fatality risk. These curves support the view that the risk
from Indian Point is within the range of risks from other
nuclear power plants.

As can be seen from Figure 3, the early fatality risk
curve calculated in the IPPSS lies more than an order of
magnitude below the range of results presented in the Task
Force Study. A large part of this difference results from
the Task Force Study's failure to evaluate the strength of
the containment, which precludes prompt containment
failure. Thus, the Task Force did not include a release
category for late containment failure. The IPPSS latent
fatality risk curve lies within the range of the latent
fatality risk calculated by the Task Force for the Indian
Point site, and is below the range calculated for the Surry

reactor at various sites.
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V. SPECIAL DESIGN FEATURES AT INDIAN POINT

The comparisons presented in the previous sections
indicate that the Indian Point Units are within the range of
risks of other nuclear power plants, despite the demographic
characteristics of the area surrounding the Indian Point
plants. It is thus appropriate to ask whether this
conclusion is supported by information about the engineering
and design features of the plants.

Nuclear power plants located at high population sites
have received special attention from regulatory agencies.
During the licensing review for the Indian Point Units,
additional features were incorporated into the plant designs
to supplement the standard safety features. These features
were highlighted in the Director's Order of February 11,
1980.

Among the features that could lead to lower frequencies
of major releases from the Indian Point containments than
from some other containments are:

(1) The design and construction of these

containments, with a pressure limit of 6
141 psia and a large volume of 2.6 x 10
cu. ft., gives them the capability to
withstand internal pressures well in
excess of the design pressure of 62
psia. Additionally, the containments
can withstand without significant
structural damage all credible seismic
events that could occur in this area.
The containment building configuration
allows gases to circulate and mix easily
to prevent local accumulation of hydro-

gen. This configuration also provides
for more effective containment heat



(2)

(3)

(4)

(5)

(6)

(7)
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removal capability. In addition, the
geometry of the reactor cavity promotes
dispersion of the core debris, thereby
increasing its coolability. Also, the
geometry of the containment floor pro-
vides for easy entry of water to the
reactor cavity to cool the debris.

Containment cooling capability is pro-
vided by diverse systems. The design
includes five fan cooling units in addi-
tion to four pumps capable of providing
containment spray recirculation. The
availability of any one of the fans or
sprays is sufficient to prevent
containment overpressure failure. Two
recirculation pumps, located inside
containment, are unigue to indian Point
and are two of the pumps capable of
providing containment spray.

The Indian Point containments have two
sumps that provide for recirculation of
emergency core cooling water. The
presence of two sumps is also unigque tc
Indian Point.

The presence of the recirculation pumps
inside containment provides the
capability of recirculating emergency
core cooling water without its leaving
the containment building.

Three gas turbine-generators are avail-
able for supplying power to either
unit. This feature is unique to Indian
Point and provides an unusual degree of
diversity in emergency power sources.

Confirmatory signals (s signals) are
sent upon actuation of emergency safe-
guards to certain power operated isola~-
tion valves to ensure that, if a valve
had been inadvertently placed in an
incorrect position, ix would be restored
to its correct position. This feature
raduces the likelihood of bypassing the
containment.

The containment weld channel pressur-
ization system and the isclation valve
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seal water system help to assure that
the containment leaktightness is ma in-
tained.

(8) The service water and component cooling
water systems are arranged to maximize
redundancy of active components. Any
one of six service water pumps can Sup~
ply any service water load. Similarly,
either of two component cooling water
pumps can be connected to any component
cooling water load. The flexibility
provided by these and similar intercon-
nections within and between systems
results in particularly low risk from
internal initiating events at Indian
Point.

The risk reductic s afforded by some of the design fea-
tures discussed above have been quantified using information
€rom the IPPSS. For example, *he frequency of late over-
pressure containment failure from internal initiating events
is reduced by one to two orders of magnitude by the presence
of fan coolers, which back up the spray recirculation
system. The gas turbines, an additional source of AC power
recovery for the time period of one to three hours following
a core melt, provide up to an order of magnitude reduction
in the frequency of late overpressure containment failures
from internal initiating events. When external as well as
internal initiating events are cons idered, the fan coolers
provide up to an order of magnitude reduction and the gas
turbines provide less than a factor of two reduction in the
frequency of late overpressure containment failures. While

not specifically quantified, the other design features
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discussed above would certainly p:ovien further risk
reduction.

On the strength of these special design features and
other specific Indian Point systems, less than 2 percent of
the internally initiated core melts lead to containment
failure. As indicated in Table 2 and supported here, the
frequency of a major release resulting from internal ini-
tiating events is thought to be less at Indian Point than at
a number of other nuclear power plants. In addition, as
stated above, the various safety features, particularly the
fan coolers, provide significant reductions in overall
(internal plus external) frequency of late containment
failure.

As discussed in Licensees’ Testimony of Thomas E.
Potter on Commission Question Five (Mar. 22, 1983), the
range of latent fatality risk among nuclear power plant
sites, given a severe release, is relatively narrow. Based
on the information in Table 2, the strength of the Indian
Point containments, and the special design features at the
plants, the release frequency at Indian Point is lower than
the estimated release frequencies at many other plants. The
narrow range of latent fatality risk, in conjunction with a
lower than average release frequency, supports the conclu-
sion that the Indian Point latent fatality risk is within

the range of latent fatality risk of other nuclear power

plants.




Based on the information in Table 2, the absolute value
of the early fatality risk at a number of nuclear power
plants is very low. At Iﬂdian Point, this is largely due to
the strength of the containments, which essentially
precludes prompt containment failure. The only accident
contributing to early fatality risk is the interfacing
systems LOCA which, as shown in Table 4, has a very low
frequency of occurr:nce.

Special design features, together with standard nuclear
power plant salety systems, result in very low early and

latent fatality risk at Indian Point Units 2 and 3.

vi. C~CLUSIONS

Each of the several comparisons used in this testimony
to address Commission Question Five supports the conclusion
+hat Indian Point Units 2 and 3 are within the range of
risks posed by other nuclear power plants.

A comparison of the Indian Point plants to the Commis-
sion's preliminary safety goals shows that these plants are
within these goals. As such, they are in the class of
plants whose risks are in a range below the limits estab-
lished by these goals.

various comparisons of the results of other PRAs to the
results of the IPPSS show that the Indian Point plants are
within the range of risks estimated for other nuclear power

plants. Table 2 indicates that the early fatality risk for
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a number of nuclear power plants, incduding Indian Point, is
very low. The Indian Point early fatality risk is low
because, based on the strength of the containments, the iow
frequency inter-facing systems LOCA is the only contiibutor
to early fatality risk at Indian Point.

Using the source terms proposed in the previously sub-
mitted Question 1 testimony of Dr. William Stratton, Dr.
Walton Rodger, and Thomas Potter, no early fatalities would
occur for any Indian Point accident oéonatio.

When absolute risks are very low, differences between
these low numbers are relatively unimportant.

With regard to the latent fatality risk, the Indian
Point plants are close to the national average of the mean
values of latent fatality consequences, pased on the generic
work reported in NUREG/CR-2239 (Reference 12). This report
shows that the range of latent fatality conseguences, given
a specified release, is relatively narrow. §33_Liconncos'
Testimony of Thomas E. Potter on Commission Question Five
(Mar. 22, 1983).

Based on the strength of the Indian Point containments
and the special features of the Indian Point plants, radio~-
active releases from these plants would be less frequent
than at many other plants. See Table 2. The narrow range
of the consequences and the lower frequency of containment

failure support the conclusion that the latent fatality risk



is within the range of such risks posed by other nuclear
power plants.
The above conclusion on latent fatalities is also

relevant to the issue of whether any mitigation devices are

warranted for the Indian Point plants. As discussed under

Commission Questions 1 and 2, the principal application of
these mitigation devices would be to reduce latent fatal-
ities. The Indian Point plants have latent fatality risks
which meet the Commission's preliminary safety goals and are
within the range calculated for other nuclear power

plants. This range itself will be lower ané narrower with
reductions in source terms. Therefore, no additional
mitigation features are necessary to bring Indian Point

ithin the range of risks posed by Other nuclear power

plants.
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PRCFEZSSIONAL EXPERIZNCE

General Summary

consyl cant on health and safety aspects of nuclear power. Performing
environmental dose assassnents for nuclear power plant safety analysis,
envirormental reports and operating reports. Assisting clients in design
and implementation ¢f ragiclogical or environmenza] moni<aring programs
and interpretation of results. Providing independent review of in-plant
radiclogical protection programs and effluent analysis programs.

Consyltant in radiological health aspects of nuclear power., Prepared
raciological health section of safety analysis reports and envirommental
monitoring arograms and evaluatad data from thore programs. Developed 2
mathematical model to predict radiation doses from nuclear power plant
effluents.

License administrator, plutonium fyel facility he2aith and safe*y
supervisor, Proviced'radiclogical safety review of major facility

modi fications. Us2a these &nalyses and nuclear criticality analyses
per¥omec Dy others to prepare ASD special nuclear materials and byproducs
license applications. Served 2s corporate contact wish AZZ in matsers
related T3 iicensing. Organized and supervised a radiological pratacsion
orogram for a plutsnium fuels fabrication facility and nes cel)

facility. Instituted personne’ monitoring programs using
thermoluminescent dosimetry and bdreathing-zone arecscl sampling in 1367.
Served as sacretary of a plant safety commitiee which inspecses al)
operations and reviewed detailed writian procedures fur operatars.

Served as member of a corporate safety committae which deterwined
corpcrate oolicy regarding health and safesy massers.

charanglogical Summary
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1578 Nuclear Mazarials and tquipment Corsoration {NUMEZD).
License acministrator, plutonium fuel facility nealsh and
safety sunerviscr.
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POWER AUTHORITY OF THE STATE OF NEW YORK
10 COLUMBUS CIRCLE, NEW YORK, N.Y. 10019

CONSOLIDATED EDISON COMPANY OF NEW YORK, INC.
4 IRVING PLACE, NEW YORK, N.Y. 10003

April 1, 1983

James P. Gleason, Chairman
Honorable Frederick J. Shon
Honorable Oscar H. Paris
Administrative Law Judges

Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Re: 1In re Consolidated Edison Cc. of New York, Inc. &
Power Authority of the State of New York (Indian
Point, Units 2 and 3), Nos. 50-247 SP, -286 Sp

Dear Judges Gleason, Shon, and Paris:
Enclosed is an Errata Sheet for Licensees' Testimony of

Dennis C. Bley, Donald F. Paddleford, Thomas E. Potter, and
Dennis C. Richardson on Commission Question Five.

Sincerely,
Tty NP

¢ / ( [
. Brent L7 Brandenby¥g “~—"Paul F. Colarulli

Assistant General Counsel Morgan Associates, Chartered
Consclidated Edison Company Counsel for the Power Authority
of New York, Inc. of the State of New York

cc: Official Service List

Enclosure
PFC:BLB /pat



ERRATA SHEET

pPage 6, line 13, vicinity should read "vicinity".

page 8, line 3, "external events,"” should read "external

events.".
page 10, line 16, "Early fatality" should read "Early Fatal”.

A revised page 11 is enclosed.
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consequences or calculations involving the risk
curve, specifically in section 2 the calculations
dealing with the computation of individual risks
and societal risk, 3A 3R, and section 4, part RA-1,
the calculations on individual risk, will usually
be best handled by Mr. Potter.

Mr. Richardson and myself will kind
of speak in general fcr the bulk of the testimony.

Q. Who wrote, on page 4, beginning with
the second paragraph under section 3?

A. (Witness Bley) The entire testimony
has been written by the group in general, with the
assistance of others, so I can't name one specific
person on this panel. But the panel will be glad

to answer any questions on that paragraph.

0

. Who are the others who assisted?

A, (Witness Richardson) Myself, Mr,
Paddleford.

A. (Witness Bley) People in our
organizations. Dr. Kaplan, who has been here
before, Dr. Bier on our staff. There were secveral
others on our staff who have reviewed and
commented, and his comments probably got into the
testimony, and the attorneys for the utilities and

their associates have reviewed and comrented on it.

TAYLOE ASSOCIATES
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So it is really an effort of many
people. Again, this panel speaks for the
testimony and has essentially approved it all and
will be glad to answer any questions about it.

JUDGE GLEASON: Mr, Bley, I thought
you had indicated that Mr, Potter was responsible
essentially for page 4, page 5 and page 6. Am I
incorrect?

THE WITNESS: (Witness Bley) Your
Honor, Mr. Potter is responsible for, as I said,
the calculations with respect to individual risks
and risk curves.,

JUDGE GLEASON: I missed that. All
right.

Q. Dr. Bley and Mr. Richardson, could
you give us your understanding of what the
preliminary safety goals represent in the sense of
how were they arrived at numerically?

A, (Witness Bley) I can give you my
opinions, and they are essentially opinions. The
safety goals ce e out of a fairly long process of
discussions at the NRC staff, with information
coming in from the AJRS, who he prepared a report
on safety goals, the Atomic Industrial Forum

prepared a report; other organizations commented.
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numbers generated the last couple of years. The
present form that came out that Dr. Bley mentioned
has been after -- at least a couple of drafts -~
and we have always been involved in looking at
these and shall be, over the trial period of these
two years.

My personal opinion is that something
like this is very important in terms of being able
to put nuclear power, or anything else, in
somewhat of a perspective related to risks that
the society as a whole and individuals are under.

0. Okay, T would like to ask a related
gquestion and T would like you to give me a yes or
no answer, and you can elaborate if you need to.
Although please stay fairly close to the question,

Are you saying that what the NRC did
with the safety goals is to look at the calculated
range of risk of plants and then to set the safety
goals to correspond to what the various PRAs were
showing?

A. (Witness Bley) That's not what I am
saying, no. What I am saying is that the safety
goals, and they include goals with respect to
early fatalities, cancer fatalities, and core melt,

were based on the principle of insuring that the
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contributions to the risk that the general public

ses of nuclear power plants is small with respect
to the other risks seen by the public,

On top of that I am sure the
commission looked at the existing risks as
calculated at a number of plants. We had in a
cost bhenefit sense the value of the plants against
the benefits of them, continuing and insuring that
the risks to public health were low with respect
to risks from other sources.,

Then I suspect when it came to the
core melt sort of goal they looked at plants that
had risks that would have met the public health
risk sort of goal and said what kind of core melt
frequencies at those plants, consistent with
meeting the health risk goals as the basis for
coming up with a core melt goal, consistent with
the previous health risk goals, which at least
gives them a2 tool for looking at plants that
haven't done a complete PRA out to the public
health risk level,

s That's an interesting and plausible
anelysis, but you are not saying, are you, that
the safety goals represent either an average risk

of nuclear plants or a particular point somewhere
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A. (Witness Bley) I would say that tne
health risk goals -- and I say this not because
they were selected that way but because of the
comparisons of calculations that have been made
against them -- I would say they tend to represent,
as far as health risks, the upper end of the risks
posed by the plants, and again the upper end of
the risks that one woul!d want ty have -- would be
willing to have these plants show if they are to
contribute very little to the health risk of the
general public.

Q. So that's what you mean by national
benchmark, that it represents the upper end of the
risks?

A, (Witness Bley) That's what I mean by
that sort of a statement, that's right.

A (Witness Richardson) If I may add, my
own opinion 5n this as far as the health risk
levels in their present form in the safety goal, I
don't believe they were based in any way on
resuits of any studies, at least that I know of.

I would believe they were more set in
that way to try to insure that the risks imposed

by nuclear power plants would be a very minor
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contribution to the overall risk that society and
individuals live under.

A, (Witness Paddleford) 1 would like to
add that they were established after some
qualitative goals that were set up basically to,
just what Dennis said, to make sure that the risks =--
there were no undue risks presented to the memters
of the public.

Q. Dr. Bley, could you tell us with
regard to table 1, the table states that for core
melt frequency, the two methods of the core melt
frequency, and you have medium frequency, is that
correct?

A (Witness Bley] That's correct,

Q. What is it that you have for the
first two entries, average early fatality, average,
latent cancer.,

Ao (Witness Bley) Those are essentially
a mean calculation from the risk curves themselves,

Q. Could you give us, as best you
remember, the relevant figures for 90 percent
confidence interval?

A. (Witness Bley) We have given those in
our earlier testimony. I don't recall them

offhand, but we have presented them before. They
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are somewhat higher than these numbers.

Q. In the event -- in the one case of
core melt frequency, do you knuw whether that
would be higher or lower than the figure expressed
as the NRC goal! of one times ten to the negative
four?

A. (Witness Bley) Can you be more
specific? Which of the numbers are you asking are
they higher than the NRC goal?

Q. For Indian Point unit 2 and Tadian
Point unit 3, the 90 percent confidence interval
in IPSS, is that higher or lower than one times
ten to the negative four? Presumably it would

have to be for Indian Point unit 2, would it not?

A. Internally plus external?
Q. Yes.
A, For Indian 2 it is certainly higher

because the medioen is higher. For ITndian Point
unit 3 I don't specifically recall. It is close
to the goal. It is in our previous testimony. It
is in the amendment to the IPSS,
Q. Do you recall how much higher it is?
A. (Witness Bley) I dorn' recall if it
is higher.

Q. For unit 2 do you recall how much
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A (Witness Bley) No, but we have given
that previously and it is in the amendment.

D Would you know the 90 percent
confidence intervs]l for the earlier entries,
average early fatality, average latent cancer for
Indian point units 2 and 2?

A (Witness Potter) I would like to
respond to that quest 1", partly to clarify a
previous answer.

When Dr. Bley spoke of using the
means to obtain the numbers for the average early
fatality risk and average latent fatality risk,
the means were used for the frequency of release,
but for the rest of of the analysis; that is to
say, the source term and the consequence analysis,
point estimate values were used; that is to say
WASH 14000, source terms, the way we have been
using that term, and the S5-1 Zonsequence matrix
assumptions.

Given that conglomerate of
assumptions == I can't specifically answer the
question where the 90 percentile value would be,

but, overall, the values here are higher than the

mean.
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I would guess they would approximate
the 90 percentile value,

Q. Did you want to be more specific than
that as opposed to just guessing?

A. (Witness Potter) I can't, not having
performed the analysis, be more specific than that,

The numbers you see here are higher
than the 50 percentile value and I would guess
they would be approximating the 20 percentile
value,

Q. Thank you.

A, (Witness Bley) Maybe T should adcd
something to that,

Qe Co ahead,

A. (Witness Bley) For the first two rows
in that table, the average early fatality rests
within one mile and the average latent cancer risk
is within 50 miles,

To do the calculation, we put that
those would be mean average calculations to
compare with the goal. That's the way we
calculated them. We didn't calculate explicitly
the whole range of uncertainty to be able to
provide that.

Q. Thank you. With regard to table 2,
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the country as it was presented by staff, with no
further calculations,

In fact, to do what you ask would
require essentially a redoing of all of the
studies here., We d4id not do that.

we did provide the full range of
uncertainties for the Indian Point plan in our own
previous testimony.

Q. What about the differences that were
due to different methodologies being employed, did
you attempt to in any way quantify or establish
bounds on those sorts of differences?

A. (Witness Bley) We took this table
exactly as it came from staff, We have made no
modifications to it. Save our entries on Indian
Point.

Q. You referred to the table 2 results
as "a representative sampling of PWRs and BWRs, is
that correct?

[ (Witness Richardssn) I believe that's
correct,

Q. Could you describe what kind of
statistical sampling procedure you used to find
that these were a representative sample?

A. (Witness Bley) Could you tell me

TAYLOE ASSOCIATES
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where we made that statement? I would like to

lock at the whole quote.

(>

. Page 10, 92 lines up from the bottom.
1t reads, "This table generally reflects the range
of risks from internal initiating events at United
States nuclear power plants because it includes a
representative sampling of PWRs and BWRs high
population density sites."

A (Witness Bley) Now that I look at it
! put it in its proper context. This certainly is
not meant to imply that this {is a statistical
representative random sampling sort of procedure.
This list of reactors represents, in our opinion
as we wrote this, 2 representative sampling of the
types of power plants, the types of water reactors
in operation in the United States at this time.

Tt is not a statistical representative sample of
risks from all of those plants. It is a broad
mixture of the kinds of plants and the vintages of
plants by vendor and specific design types.

Q. Now, by representative sample of the
types of plants, you do not mean that plants are
represented here in proportion to the number of
those types of plants nationally, do you?

A. (Witness Bley) Not speciitically. I
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The other 2nalyses on this list have
left out what can be an exceedingly -- left out on
purpose, intentionally -- a category of events
that we found to be fairly important, and that's
the external events, No compensation for leaving
those events out was made,

The results weren't stretched to
account for the events not studied,

So if those studies were carried out
more thoroughly to pick up the external events,
that could only add to the risk that you see at
those plants, Tt wouldn't make it lower.

Q. I understand your point about the
need to compare internal events with i.ternal
events, if that's what the earlier studies only
showed,

However, it is your testimony that
with regard to the degree of sophistication and
eliminating gross conservatisms for internal
events, Zion is the one study that's comparable to
IPSS; that is what is you stated, is it not?

Rx (Witness Bley) No. That was a
statement to cover the totality of a PRA. With
respect to internal events only, I suspect some of

the others would fit that category, too, although
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I have not studied these other PRAs in depth.

Q. Are you aware of any that would be
less sophisticated and realistic than TPES?

A. (Witness Bley) I haven't studied them
in great detail and I would be hesitant to
characterize them one way or the other, Some of
them I am sure are very complete, others probably
are not,

Q. Py "complete™ you mean they progress

far toward eliminating gross conservatisms?

A. Some probably do, yes.
Q. And some probably do not?
A, Yes. I am not willing to speak to

that point because I have not studied those in
great detail., Any of them, really.

Q. Do you believe that a knowledge of
the extent to which different PRAs do that would
be relevant for drawing comparisons with IPSS?

A It would certainly be relevent., As
of this point in time it is not directly possible,
and the kinds of comparisons we have given here to
search for available indications of the range of
risks, knowing they are not fully comparable, I
think is a reasonable approach., That's why we

took more than one approach.
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We took these various studies. We
took the commission task force results and used
those as another, if you will, surrogate
expression, range of risks, and we took the safety
goals as something of an upper limit sort of thing,
although not a strict limit; an upper end of the
range estimate on the range of risks.

S0 all of these give us things to
compare with. Although none of them are perfect,
the total is, in every case, supportive of the
conclusions we draw in our testimony.

Q. So the core melt frequency for Indian
Point unic 2 is right at the upper end of the
range of the core melt conception of risk, is it
not?

A, (Witness Bley) No. If you will go
back to my statement of what we felt the goals =--
what I felt the goals meant for the health risks,
they compare with the upper end of the range of
risk. The core melt goal in my opinion has come
about, in my opinion, as a reflection for the
plants that sort of meet the health risk goals,
what sort of core melt for those would have been
consistent.

If we look down the list of core melt
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frequencies on table 2, we find several that are
quite a bit higher than Indian Point,

Q. But it is true that core melt

frequency or internal plus external! events, the

median frequency for Indian Point 2 is exactly
equal to the NRC goal, according to your table 1;
that's a correct, is it not?

A, My Bley after it is rounded off, yes,

Q. By the way, your table 2, is that
taken from inside the NRC?

I think we cite this reference.

It is reference 5 to our testimony, a
memo from William J. Dirks to the commission,
draft dated January 5, 1983, as an attachment,

Q. 1 had heard that the layout of this
table was somewhat different than the one in the
Dirks memorandum and it corresponded to one inside
the NRC. It may well be the substance of the two
tables is the same, but I wonder if you checked.

Ae (Witness Davidoff) (Witness
Richardson) I don't recall.

A, (Witness Bley) I don't recall,

Q. With regard to this data in table 2,
it is rot exactly the same as the numbers

generated by the PRAs themselves, is it?
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. ] A, (Witness Bley) That's true,
2 0. It involves some recalculation done
3 by members of the NRC staff?
a A. (Witness Bley) That's true.
5 Q. But you don't know how those

Y

recalculation is were done, do you?

7 A. (Witness Richardson) No.
9 A (Witness Bley) No.
9 Q. Turning now te your table 3, this
10 comparison does not really represent all these
11 various plants as they currently exist, does it?
12 A. (Witness Bley) T would agree with
L]
13 your statement because, to my knowledge, the
14 Surry plant and the cafety study has adopted
15 maintenance practices which would reduce their
16 frequency.
17 My understanding is that the RSSMAP
18 studies 1~ft out, at least to some extent, the
19 imprevements due to maintenance at the specific
20 plante.,
21 €o I think the other plants, at least
22 some of them would have lower frequencies of these
23 events than are presented in this table.
. 24 Q. Are you aware how much lower?
2% A, (Witness Bley) No. I am not aware of
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the specific maintenance practices at any of the

plants on this list, other than the Indian Point
plants.

Qe Do you have any kind of bounding
estimate on how much lower it would be?

Ao (Witness Bley) I can draw some
inferences, From the reactor safety study design
there is essentially a two-check valve discharge
system which, on a bounding level, wouldn't be as
reliable as the three valve sort of arrangement we
see at Indian Point,

I don't know the other plants. So
that it probably isn't as low as Indian Point but
it may well apprcach it,

Q. So, in general, for the Oconee,
Sequoyah and Surry plants, it is true that there
are some sorts of improvements that are not
reflected in this table?

A. (Witneses Bley) I know it is true for
Surry . My understanding is it is probably true
for Oconee and Sequoyah, but T am not certain of
that.

Q. Poes this table include improvements
that have been made for IPSS -- I am sorry, for

Indian Point?
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A, (Witness Bley) It includes Indian
Point as it exists today, yes.

Q. Does that include the improvements

that were made in reference to the IPSS mendment

one?

A (Witness Bley) My memory is we didn't

reference this in reference one. If we did, the
answer would be yes, I don't think it showed up
in amendment one,

It would represent the discussion
that was presented in our question one testimony
and the results that were presented there.

Q. So the recent fix with regard to
hurricanes and fires, and so forth?

A They don't affect the O scenario.
The only thing that would affect the V scenario
would be the testing program on both the test
valves and the RH gate valves, which T think we
described earlier.

Q. The other places where you do have
more general figures for Tndian Point, such as,
for example, in table one, those do include the

fire and hurricane fixes, do they not?

A. (Witness Bley) That's true, All the

results given as related to IPSS with respect to
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Indian Point in this testimony include the fixes
that we have discussed earlier, yes.

Q. So it would be fair to say that in
general you are more familiar and conversant with
the recent improvements with Indian Point than
with various other plants?

A. (Witness Bley) In all aspects we are
more familiar were with Indian Pecint than other
plants. We have studied Indian Point in detail,
We have not done that for the other plants.

Q. On page 20 of your testimony =-- this
is now the beginning of the third paragraph,
"Peatures that could lead to lower frequencies of
major releases from Indian Point containment than
from some other containment.,”

The rather vague phrasing is
intentional, is it not? When you say "could lead
to lower frequencies"?

A, (Witness Paddleford) Yes.

De *nd, in general, you have not, for
most of these eight at least, you have not
calculated specific amounts of risk reduction
attributable to them?

A, (Witness Richardson) We didn't do

anything specific here, but we certainly know
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there are containment of lower volume and lower
fire pressure, Anything in that direction would
obviously be ahout the same or higher in terms of
their containment capability and similar types of
accidents,

A. (Witness Bley) Beyond that, we
studied Indian Pnint as it exists, We found
dominant contributors, and we studied several
potential changes to the plant to see what
improvements could be made in the risk.

We made no determined effort to see
how much worse the plant could be made by deleting
equipment and functions that are there and are
intended to stay there,

So we have not, quant.tatively, in
detail, evaluated the worth of these separate
items which we provide here, which, in total, we
are sure will have an important effect, but we
have nct evaluated that singly or in total from
the aspect of plant risk,

0. Mr. Richardson, you stated that you
are aware that there are some plants that have
smaller containment and lower failure pressures,
did I hear you correctly

Qs (Witness Richardson) Yes.
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Q. Wwell, perhaps if T jdentified it a
little further. It is authored by Fred A.
Hedelson and contains a fairly systematic
comparison of safety systems of a large number of
nuclear plants, including the two at Indian Point.,

Does that refresh your recollection
that there is such a study?

A (Withness Bley) Not mine.

A, (Witness kKichardson) No, I have never
read such a study,

D Thank you. On page 22 of your
testimony, you state that the "frequency of laid
cver pressure containment fajlure from internal
initiating events is reduced by one to two orders
of magnitude by the presence of fan coolers which
back up the spray and recirculation system,"

Do you see that?

A. (Witness Paddleford) Yes.

Q. Now, that's true only for internal
initiating events, is it not?

A. (Witness Paddleford) That particular
statement is true for only internal initiating
events,

However, later in the paragraph of

the statement for internal plus external is given
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as up to an order of magnitude.

Q. well, focusing on your first question
about the fan coolers, it is true, is it not, that
fire is classifie? as an external initiating event?

A, (Witness Paddleford) Yes.

Q. As, of course, seismic events would
be, correct?

A (Witness Paddleford) That's true,

Q. So the major sources of common mode
failure that are likely to result in a loss of
electrical power are not included in internal
initiating events, are they?

A. (Witness BRley) Read the question back,

(The reporter read the last
question.)

B (Witness Bley) That's a little hard
to answer directly, especially for me at this time.

The fire events generclly don't
totally lose electric power. They tend to lose
key pieces of electric power., With regard to key
pieces of electric power T think T would agree
with your statement,

With regard to complete loss of
eiectric power, I suspect =-- I just don't know. I

can't answer that., I don't remember well enough,
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Q. It is true, is it not, that the
Biblis B, Reactor was not licensed by the Nuclear

Regqulatory Commission?

A, (Witness Bley) That's true,
Q. Where is the Biblis B reactor located?
A (Witness Bley) It is in Germany. I

can't give you the exact location,

Qe You would acknowledge, would you not,
that there may be some special safety features
that certain other nuclear plants have that the
Indian Point plants do not have?

A. (Witness Richardson) When you say
"safety features," other plants play, because they
are designed, have components that they have
designated as safety features and are required for
that plant in terms of safety. Indian Point
plants may not have that equipment but they may
not need that equipment.

So, when you say "safety features,"
that covers a broad line of equipment.

A, (Witness Bley) I can't think of
specific features right off the top of my head now,
at other plants that would have significant impact
on risk at Indian Point, if they were at Indian

Point, that Indian Point doesn't have.
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That doesn't mean there can't be such

things but none come to my mind.

Q. You will have to forgive me if this
question is the same one you just answered. My
colleagque feels it is 2 different question. Are
there any design features that Indien Point does

not have that other plants do have that could

contribute significantly to risk?

A. (Witness Bley) At Indian Point?
Q. Yes, To reducing risk.
i (Witness Bley) I can't think of any

that would significantly reduce the risk at Indian
Point,
I1f you will suggest some, we could
comment on them,
A. (Witness Richardson) I can't either.
MR, BLUM: We have no further
questions,
JUDGE GLEASON: Ms,., Moore,
CROSS-EXAMINATION
BY MS., MOORE:
Q. Good afternoon, gentlemen., I just
have a few questions,
In the safe goal calculations on

pages 46 of your testimony, I believe you sa2id
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under cross-examination that the S5-1 consequence
matrix assumptions were used, is that correct?

= (Witness Potter) That's correct,

Qe Could you refresh my memory a little
bit and tell me what emergency response assumption
the S-1 matrix includes?

A, (Witness Potter) Each of the four 8§
matrix elements uses the same emergency response
assumptions., The only difference between each of
the four was essentially scaling of the dose by a
factor of two, fcr the 5=2 matrix, a factor of one
for the S~-1 matrix, a factor of .5 for the S-3 and
.1 for the S-4 matrix.,

The emergency assumptions involve
evacuation of population within ten miles,
sheltering of the population -- of 90 percent of
the population from ten to fifty miles; normal
activities for the rest of the population beyond
ten miles; and for the entire population beyond
ten miles, it is assumed ground dose exposure
period would be 24 hours.

Within ten miles the important
parameters involve delay of the evacuees., We
handled that probable his particularly. It is

fairly complex, but in general in 90 percent of

TAYLOE ASSOCIATES



(%, ]

Lo |

10

11

12

13

14

15

17

18

19

21

22

23

24

25

12693

the weather scenarios population was delayed --
elements of the population were delayed from half
an hour to two hours; in 7 percent of the
scenarios elements of the population were delayed
from one and one half hours to three hours; and in
three percent of the scenarios elements of the
population were delayed from two and a half hours
tc four hours.

Then there was in a weekday school in
session scenario, there was a special population
group that had mnuch longer delay times.

That's a summary.

Q. And if T remember correctly, that
response, that emergency response scenario does
not differentiate between internal and external
events, is that correct?

A. (Witness Potter) That's right,. It
was applied to all much these categories.

Q. That S matrix includes also, does it
not, the U factor source term reduction?

A. (Witness Potter) The entire matrix
does, but the safety goal estimates do not.

Qe They do not, thank you.

I would like to turn ycur attention

now to page 20 to 22 of your testimony. Could you
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please describe how your lists of design features

contained on these pages was derived?

A. (Witness Paddleford) Combined from
some things that we knew, special features that
were included in the Indian points when they were
first licensed, along with some other features
that have been in the plant since the beginning
but are not common to a very large percentage of
nuclear power plants.

Qe On page 20 of your testimony at the
bottom, going to page 21, could you give me the
basis for your statement that the Indian Point
units have more effective containment heat removal
capability?

A (Witness Paddleford) Which statement
was that again?

Q. At the bottom of page 20, going over
to page 21.

A. (Witness Paddleford) This is in
regard to the more open cont;inment structure
which permits natural circulation, and the ability
to get heat from all over the containment to the
fan coolers or containment spray, which would not

be pessible if you had a highly compartmented

situation.,
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Q. Could you tell me how the indian
Point containment in its ability for heat removal
capability compared to, say, Crystal River?

Ky (Witness Paddleford) I don't really
know that much about Crystal River.

Q. Do you know about any of the other
plants -- could you compare it to any of the other
plants on the list that you had in table 27

A (Witness Paddleford) The Surry plant
I know very well, Some of the differences are the
cavity geometry underneath the reactor vessel is
open, it is a low spot in the containment. It is
an area where water would collect,

This wasn't true of the Surry-type

design., That's one example,

L&

. Are you aware whether other
pressurized water reactors with large dry
containment have diverse fan coolers and
containment sprays?

A (Witness Paddleford) Yes, there are
others that do and others that don't,.

Qe Do you know how many do?

[ (Witness Paddleford) I have not made
up a list,

Q. Have you got an estimate of how many
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might?

A (Witness Paddleford) My guess is that
a substantial number don't, like on the order of
S0 percent,

MR, BLUM: Your Honor, I would object
to a2 guess being given. I think that's too
speculative to go into the record.

JUDCE GLEASON: I guess he can't do
any better than that,

Can you?

THE WITNESS: (Witness Pazddleford) No.

MR. BLUM: Then the answer should be
that he just doesn't know.

JUDGE GLEASON: He didn't say he
didn't know. He says he guessed about 50 or
thought about 50,

Can you make it any more accurate
than that?

THE WITNESS: (Witness Paddleford) On
a number basis I can't give you more than I have
given you, except that many plants have only a
spray system and don't have accident fan coolers.

Q. I am Coitecit, am 1 not, that you
stated previously you haven't analyzed the risk

reduction potential of these design features, is
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i | that correct?

2 A, (Witness Paddleford) In general

3 that's true, but a couple of them we have analyzed
4 them, he risk reduction significance.

S Q. would one of those features be the

N

risk reduction potential from having two recirculation

7 pumps inside containment?
8 A, {(Witness Paddleford) No, we did not.
9 0. However, was the existence of these
10 two pumps taken into account in the PRA analysis
11 itself?
: 12 A. (Witness Paddleford) Yes. We took
L
E 13 credit for the two recirculation systems in the
14 IPSS study.
15 Qs And the fan coolers were also taken
16 into account, were they not?
17 A, (Witness Paddleford) That's correct.
18 Q. What about the S signals? Were they
19 taken into account in the PRA?
20 A, (Witness Bley) We talked about this,
21 I think, under question 1. I am not sure if it
22 showed up specifically in the documentation of
23 IPSS. It was considered and it was included in
24 the evaluation of how likely it would be that the
25 containment would remain unisolated if the venting
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were in process,

S0 it was considered, we discussed it
in our testimony. I am not sure if it actually
shows up in the IPSS documentation itself,
quantitatively,

Qe And was the containment weld channel
pressurization system considered in the PRA?

A (Witness Bley) Only in the same
respect that T just mentioned. I don't think it
is specifically there but it was considered and
weighed in the evaluation of possible containment
bypass,

Q. Arc you aware whether the Zion
facility, for example, has a containment cooling
feature which Indian Point does not have?

A. (Witness Paddleford) Yes., The Zion
plant does have an additional spray pump.

Q. Is it independent of the AC system?

Ae (Witness Paddleford) No., From the

standposint of -- it has its own diesel as far as

driving the spray puvmp but it is not independent

from the the electrical system through a cooling
mode,
A. (Witness Bley) Two reasons., It needs

AC power for cooling and AC power to operate
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valves in the system,

Q. In your discussion of the service
water system in the component cooling water, is
the interconnectiveness of the service system
achieved by the use of a common header?

A, (Witness Bley) Essentially, yes, it
is possible to arrange any of the pumps on to any
headers. There are separate headers in the case
of service water, but they can be cross connected
or isolated. It is possible to align them in any
configuration,

Q. And what about the component cooling
water system?

A. (Witness Bley) It can be arranged so
any pump can provide any cooling through a common
header arrangement, yes,

0. Was the existence of this common
header, the disability taken into account in the
PRA?

A. (Witness Bley) Yes.

Q. Was it determined whether the
existence of such a common header would render the
system susceptible to failure from one pipe break?

| (Witness Bley) T am afraid this moves

into an area that is in our continuing work. It
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. 1 was considered and further work, especially on the
2 component cooling system, has shown that while
3 there are several places where a large break could !
4 disable the system, the chance of that happening ‘
l
5 is extremely remote because of the quality piping ‘
6 system, the pressures involved, the make-up 1
7 capability of the systems and the energy required ‘
8 to actually puncture or shear one of the major
9 pipe lines,
10 So we did consider it originally more
11 recently, and it is not in the work that's been
12 submitted to the board, it is not fully completed.
»
13 We have looked even further the further work
14 supports our view that such breaks are extremely
15 unlikely.
16 Q. I believe you state in your testimony
17 that one fan cooler is sufficient to maintain
18 containment cooling, is that correct?
19 A, (Witness Paddleford) That's correct.
20 Q. Is the basis for this statement
21 documented in the PRA?
22 A. (Witness Richardson) I am not sure if
23 it is specifically in the PRA but the basis of it
. 24 is that one cmponent is adequate for removal of
25 the decay heat.
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JUDGE GLEASON: I didn't hear the
response., 1 diédn't hear the second part.

THE WITNESS: (Witness Richardson)
This was supported by work that we at Westinghouse
had done after the submittal of the PRA, and the
basis for it is that one component is adequate for
removal of the decay heat,

M5, MOORE: I have no further
questions, your Honor.

JUDGE GLEASON: Are you going tec have
redirect, Mr. Brandenburg? How much redirect do
you have?

MR. BRANDENBURG: Just a couple of
questions.

JUDGE GLEASON: All right, I am
trying to take a recess, but let's go ahead.
REDIRECT EXAMINATION
BY MR, BRANDENBURG:

Q. Now, on cross~exanination Mr. Blum
asked you to identify plants which had either a
smaller veluwe =-=- excuse me, a larger volume
containment or a higher failure pressure,

I would like to ask you in a more
global sense if you are aware of plants which have

containment with either lesser volumes or lower
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. 1 failure pressures by general design category, and
2 things of that sort?
3 A (Witness Paddleford) Yes. In PWRs
4 the ice condensers all have smaller volume and

N

smaller pressure,

5 In BWRs, all the Mark 1s and Mark 2s
7 have smaller volume. Some of those have higher

g pressure, but across the board I think they have

Q smaller volumes,

10 MR. BRANDENBURG: That's the only

11 question I have, Mr. Chairman,

12 MR, COLARULLI: No redirect, your

*

13 Honor.

14 JUDGE GLEASON: Gentlemen, you are C
15 excused, Thank you very much,

16 MR. COLARULLT: Your Honor, just one
17 matter, This is the last time that Mr. Richardson
18 will be =--

19 JUDGE CLEASON: Is this a correction
20 of testimony, or what?

21 MR, COLARULLT: This is a2 question

22 that Judge Shon raised during the questioning to
23 the testimony. He raised it on 6449 of the

‘ 24 transcript.

25 At that point in the proceeding there
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was a discussion of steam generators and two
ruptures and the further work that had been done
on it, The wiitnesses had begun talking about
guillotine type breaks for a tube,

Judge Shon, on 5449, asked a question
concerning a2 situation in which there was a
guillotine type rupture of a major pipe in the
system and a steam generated tube rupture at the
same time. He asked both Mr, Richardson and
myself to check into that to see if any analysis
had been done.

Mr. Richardson has a brief response
to that question,

JUDGE GLEASON: Is that the transcript
reference, 64497

MR, COLARULLI: Yes.

JUDGE GLEASON: CTo ahead, Mr.
Richardson.

THE WITNESS: (Witness Richardson)
Westinghouse has in the past performed analyses of
a postulated event consisting of a simultaneous
steam generator tube rupture and &z large
loss-of-coolant accident. Postulating such an
event constitutes a double failure. As such, the

ECCS acceptance criteris embodied in 10CFRS50.46
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. 1 and the requirements of the Appendix X model, with

N

the inherent conservatisms, can mask the expected
3 response of the reactor coolant system and core to

4 postulated tube leakage during a large LOCA,

w

Therefore, conservéetive better estimate

5 calculations are performed to determine the

7 potential impact of a secondary to primary steam

8 jenerator tube leakage.

o The design criteria for the steam

10 generator tubes, the existing inspection program

11 and the tube plugging criteria are designed to

12 guard against the probability of tube ruptures in
®

13 the event of a LOCA.

14 These better estimate calculations of

15 a postulated large break LOCA have been performed

16 with and without secondary to primary steam

Y7 generator tube leakaqge, for a typical W plant.

18 The calculation was performed for a double-ended

19 cold leqg guillotine break, The result of that

20 calculation was that less than a 10 degree

21 increase in the peak fuel cladding temperature

22 occurred when a 250 gpm secondary to primary leak

23 was modeled, This leak rate is consistent with a
. 24 postulated do you believe-ended break of a steam

25 generator tube, This calculated increase in peak
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clad tenperature was due to the increase in steam
binding in the reactor coolant loops.

Steam binding is a phrase denoting
the resistance to venting steam generated in the
core to the break. Increasing steam binding
retards the reflooding of the core by the ECCS
following 2 large break LOCA.

The ten degree change in peak
cladding temperature fcr a single double-ended
steam generator tube rupture combined with the
calculated peak clad temperature for the case
studied of 1567 F would indicate that a very large
number of tubes would need to have double-ended
ruptures before the peak clad temperatures would
approach the limit of 10CFRS0, Appendix K.

If a plant specific analysis were to
be done for Indian Point, usino the assumptions
ocutlined above, the calculated effect would be
comparable.

JUDGE SHON: Thank you. That's
exactly what I wanted to find out. There vould
have to be many tubes ruptured before you would
exceed Appendix K.

THE WITNESS: (Witness Richardson)

Yes.
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JUDGE SHON: Thank you.

(There was a pause in the proceeding.)

JUDGE GLEASON: We will start with Mr.
Shelly tomorrow morning.

We could take a couple of minutes to
argue, if you want to, Ms, Fleisher, your motion
on excluding the testimony that came in the past
week from the two counties. Do you want to argue
that now?

Do you want it decided now?

We will let the other parties argue it,

ME. FLEISHER: I understand, It would
be hard for me to argue it any further than the
paper I turned in without understanding the
circumstances around the request of the subpoena.
It would appear that the subpoena doesn't make it
clear to you that they have not otherwise
attempted to reach these people and ask them when
they testified.

That's what they ''estified when we
asked them about it, It seems to me, therefore,
that issuing a subpoena was cnly used a2s a device
80 they could question these people and that is
unfair, misleading, and a whole bunch of other

adjectives.
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JUDGE GLEASON: T didn't really ask

for you to argue it again -- I didn't intend to
suggest that because your mution was fairly
complete, I just wanted to find out whether you
concurred in hearing arguments on it and getting
some decision. That's all.

MS, FLEISHER: I asked MR, Lewis if
there was anything in the way of notes on the form
which one signs. I remember when I got the
subpoena for Mr, Fisher, Judge Carter put me
through quite a grilling as to why I wanted it,
Perhaps even though there is no such thing now,
one should put on that form some request or some
note that states that you have otherwise tried to
reach the person.

JUDGE GLEASON: Thank you for your
suggestions, Ms, Fleisher.

Mr. Levin,

MR, LEVIN: We are prepared to argue
Ms. Fleisher's motion and obviously we oppose it.

First of all I would like to point
the board to page 11125 of the transcript. That
date was March 23, 1983,

At that point the Chairman was

speaking, and this goes to the question of whether
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. 1 or not there was notice of the appearance of these
2 witnesses in advance of their appearance, At that
3 page, 1 believe it is the Chairman speaking,
4 saying, "Thirdly, I would just note for the record

(9, ]

a request for a subpoena which was made by the

¥y

Power Authority te have the appearance in this

o Michael Scalpi, Office of Civil Defense, Putnam

7 proceeding of Mr, Philip Schmer from the Orange

e County National Disaster and Civil Defense and

10 Cﬁunty. I just wanted to note that,"

11 "MR, CZAJA: Maybe we should note for

12 the record that the subpoenas will be returned 2
]

13 o'clock p.ms. on March 30 and we will anticipate on

14 that date that we will be able to put Messrs.

15 Scalpi and Schmer on the stand at that time."

16 So as to whether there was official

17 notice on the record as to the apparance of those

18 witnesses, there most certainly was.

19 I do not know whether Ms, Fleisher

20 was present at that time, although the -=-

21 MS, FLEISHER: T tried searching the

22 notice, too. It doesn't seem to me there is

23 anything in the CFR that talks about the notice of
. 24 a subpoena,

25 MR. LEVIN: Your Honor, if you would
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let me finish my arqument,

JUDGE GLEASON: Let him finish, Ms.
Fleisher,

MR. LEVIN: There was notice on the
recor.d, point one.

Point two, Ms. Fleisher claime that -~
1 believe this is at page 2 of her motion, "I
asked if they would have testified without a
subpoena; they said yes." Then she cites the
transcript at page 12181,

Looking a2t 12181 of the transcript 1
find absolutely no such statement. I find a
question by Ms, Fleisher and T quote, "Mr. Schmer,
why was it necessary for you to have a subpoena to
appear here today?

ok, 1 I couldn't answer that question, I
have no idea,

"Q. Had you been asked to come to testify
voluntaiily?

g . Other than that subpoena, no."

So there is no concession that had
the witness been asked to come voluntarily that he
would.

Point three, these are public

officials, not under the control of the Power
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Authority of either licensee. The only assurance

that we had, regardless of what they might affirm
to us in person, the only assurance we had that
they would be here was by way of a subpoena,

1 further note that is not a novel
process for this or any other proceeding. New
York City Council, for example, called by subpoena
sumeone they arqguably woula rave had much more
control over, Inspectsr Littlejohn., He appeared
by subpoena, gave direct testimony, just as did
these witnesses, and was cross-examined

Having said al) that and a-guing that
there is absolutely no basis to strike this
testimony, I would like for the board to know that
the Power Authority has no objection whatsoever to
these witnesses being recalled for whatever
further cross-examination Ms, Fleisher, or any
other intervencr [eels {5 necessary. Although,
with the cav~at, that we would not concede that
any of that time should come from the time that we
have allotted for cross-examination during the
final week of e¢mergercy planning testimony.

MS., FLEISHER: Your Honor, we have
called many punlic officials and they have come.

I think that to state that a public official can't
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be depended to come and that a subpoena is pretty

much of a strong statement forcing them to come,

I was not present, I1f I was present
I was out of the room at the time of his quotation.

Now, I understand that we can't go
around chasing each other and giving notice.
There has been a great laxity of notice at times
in these hearings. I feel there are plenty of
people who don't know what the schedule is this
week because they didn't happen to be here late
last Thursday.

Tt is hard on those of us who haven't
the forces and haven't the great dough to provide
people sitting here 211 the time. This hearing
was originally started by the Union of Concerned
Scientists' application. Al) of you must have
known that you were going to have to deal with a
bunch of hams that don't have any money and don't
have the privilege of having somebody here to
watch for such notice.

If Mr., Levin was so concerned about
getting these people here and all, he might have
let us know. I know that Mr, Schmer's name would
have electrified me if I had heard it because 1

know him and T have spoken to him before and T
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would have wished to be more prepared.

Evidently I was in possession of the
Orange County plan which the state had sent to all
of us, but I didn't think to bring it that day.

You can see that I come pretty well
loaded sometimes, If I would have known about him,
I would have prepared for it him,

JUDGE GLEASON: I regret very much is
that you were surprised by the appearance of those
witnesses here, I did bring to the attention of
those in attendance that an application for a
subpoena had been made. There is an obligation on
the part of all parties to be present during these
proceedings. Under the rules the chairman and the
board does not have much discretion with respect
to the issuance of subpoenas.

As far as the relevance of the
testimony, I don't think there is any question in
our minds that that testimony or the testimony
from those two counties was at least relevant in
these proceedings. At least some of us had asked
in our own minds off the record as to why there
was not somebody here from those two counties
since parts of those counties are in the EPZ.

Let me just say if there is any time
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in the schedule, and I can not assure that because,

as you know, we are on a very tight schedule, we
will try to provide the these witnesses for
further cross-examination., But I can't give you
that assurance,

MS. FLEISHER: I feel that the past
record is a mess and I really resent that we
should have to sit on that recH )rd when we were so
unaware of what was happening.

I don't think that we had a proper
explanation yet of why they resorted to subpoena.
And also why it was even beholden to Con Ed and
the Power Authority to bring these people in. 1f
these people were such an important part of the
general picture, they should have been invited by
the board.

I mind this very much. I don't feel
a bit satisfied by what has been said by Con Ed
and PASNY people.

JUDGE GLEASON: I don't know whether
anything that I would say would satisfy you, Ms.
Fleisher. All I can say is what it is in my mind
to say, and I say that you have an obligation to
be here and we have tried to be fair to all

parties, and 2and I think we have been. And if the
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. ] record is deficient, it has certainly not been
2 because there hasn't been an allocation of time
3 granted by this board to the intervenors.
6 The motion is denied and we stand in
5 recess until 2 o'clock tomorrow morning.

i (Hearing recessed at 4:40 p.m.)
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