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I. PRESENTATION AND QUALIFICATIONS OF PANEL MEMBERS

My name is Dennis C. Bley, Ph.D. I am a consultant at
Pickard, Lowe and Garrick, Inc., in reliability, risk, and
decision analysis for electrical generating plants. I was a
principal investigator on the Indian Point Probabilistic
Safety Study. A statement of my professional qualifications
is attached.

My name is Donald F. Paddleford. I am an Advisory
Engineer in the Risk Assessment Section of the Nuclear
Safety Department of the Nuclear Technology Division of
Westinghouse Electric Corporation. I was a principal
investigator on the Indian Point Probabilistic Safety
Study. A statement of my professional qualifications is
attached.

My name is Thomas E. Potter. I am a consultant at
Pickard, Lowe and Garrick, Inc., in public health conse-
quence analysis of radioactive releases. I was a principal
investigator on the Indian Point Probabilistic Safety Study.
A statement of my professional qualifications is attached.

My name is Dennis C. Richardson. I am the Risk Assess-
ment Technology Manager in the Nuclear Safety Department of
the Nuclear Technology Division of Westinghouse Electric
Corporation. I was a principal investigator on the Indian
Point Probabilistic Safety Study. A statement of my profes-

sional qualifications is attached.



II. 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 ' ight 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-
poin.. Population distribution and plant characteristics
affect these indices differently. 1In 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
pr
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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 (IPPSS) (Reference 2), are
cor pared to the results of site and plant specific proba-
bilistic 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. Spec’ fically, (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 fatulities 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 iu 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.

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 pcsed by

other nuclear power plants.

III. 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
Plants. 48 Fed. Reg. 10,772 (1983). The preliminary safety
goals and design objectives apply to both 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 safety
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



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

B should not exceed one-

vicinity of a nuclear power plant
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 people 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 Point is well within
this goal, by a factor of approximately 70 for Indian Point
Unit 2 and a factor of approximately 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 pecple per year (2 x 103 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 7.0
for Indian Point Unit 3.

C. Core Melt Freguency

Table 1 also shows the comparison of the Indian Point
Units 2 and 3 median core melt freguencies with the

Commission's preliminary s ety goal. Because the Zion PRA



TABLE 1

COMPARISON OF RISKS FROM

INDIAN POINT PLANT, WITH NRC SAFETY GOALS

Average Early Fatality
Risk Within 1 Mile as
a Fraction of Other
Accident Fatality Risk
Within 1 Mile

Average Latent Cancer
Fatality Risk Within 50
Miles as a Fraction of
Other Cancer Fatality
Risks Within 50 Miles

Core Melt Frequency (per
year of reactor operation)
internal plus external

Core Melt Frequency (per

year of reactor operation)
internal only

*Median Frequency

Indian Point 2 Indian Point 3 NRC Goal
1.4 x. 103 1.3 x 10™3 1 x 10”7
6.0 x 10”6 1.4 x 10°6 1 x 10”3
1.4 x 10™4* 5.0 x 10" 1 x 1074
5.0 x 102" 3.0 x 107°"  no explicit

goal stated



(Reference 3) and the IPPSS are the only risk assessments of
which we are aware that give comprehensive treatment to
external events, Table 1 also includes the median core melt
fregquency 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 plants
against the preliminary goals, tﬂ;\V!iuqaisf\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, Board Question 1l.., and 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 frequency. On the other hand, core
melt frequency is a useful indicator of economic risk to 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.



IV. PRA COMPARISONS

Another way to compare the risks posed by the Indian
Point plants with those posed by other nuclear power plants
is to 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,
comparable 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 compariscns on an intfrnal initi-
ator basis have been made.

2, 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 evclving rapidly over the last 10
years. The various published studies, therefore, differ

considerably in certain rerpects. Thus, when comparing the

l. While the Big Rock Point PRA did consider fires, it
did not evaluate other external initiating events.
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results of IPPSS with those of other PRA 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 Ccmmission'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 i-'tiating events only to avoid an erroneous
comparison 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 frequency is within the range of
other estimates presented in the table, and the freguency of
a major release compares favorably with the estimates for
the other plants in the table.

Another valuable comparison is the fregquency 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
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TABLE 3

COMPARISON OF INTERFACING SYSTEMS LOCA MEDIAN FREQUENCIES

Recurrence Interval

Median (Nurber of
Study PWR Plant Freguency Reactor Years) Reference
RSS Surry 4 x 107 250,000 6
IPPSS Indian Point 2 4 x 1078 25,000,000 2
1PPSS Indian Point 3 4 x 1078 25,000,000 2
zZrss Zion 3 x10°° 33,000,000 3
RSSMAP Oconee 7 x 1072 14,000 7
RSSMAP Sequoyah 5 x 10°° 200,000 7
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
from 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 and
2. The results from the German Biblis B risk study are
included 1in 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
1 testimony included both internal and external events.)
Figure 1 shows the median risk curves for early fatalities
as presented in the vario:s 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 Reference
Indian Point 2 2
Indian Point 3 2
surry 6
Peach Bottom 6
Zion 3
Biblis B 9
Big Rock Point 10
Limerick 11




MEDIAN FREQUENCY OF EXCEEDANCE (PER REACTOR YEAR)

GERMAN RISK
STUDY (B)

10~7 SURRY (A)

PEACH BOTTOM (C)

LIMERICK (D) —

108

10°°— INDIAN POINT 2 OR 3 (E) /A\

10k
10
ZION (F) /
DATA SOURCES
CURVE | REFERENCE | FIGURE
11 A 6 513
10 8 9 813
c - 53
D 11 51
E 2 8.23a & 6a
b 3 8.6-52
10° 10" 102 103 104 10

EARLY FATALITIES

Figure 1. Comparison of PRA Median Risk Curves
for Early Fatalities (Internal Risk Only)



MEDIAN FREQUENCY OF EXCEEDANCE (PER REACTOR YEAR)

1073

10“% \
. X
P

‘0‘5 - —

BIG ROCK POINT (G) GERMAN RISK STUDY (B)

PEACH BOTTOM (C)

SURRY (D)

1078

—

—
_—_— e
—

—

107~ INDIAN POINT 2 OR 3(E)
ZION (F)
DATA SOURCES
108~ | cunve REFERENCE | FIGURE
A 11 52
g 9 8-14
c 6 55
) 6 5.5
o0 - E 2 8.2.3d
F 3 8.6-5d
G 10 8.1°
*ALSO TABLE 5.6
10-10 !1 !2 ! '
‘Oo 10 10 103 10‘

LATENT CANCER FATALITIES

Figure 2. Comparison of PRA Median Risk Curves
for Latent Fatalities (Internal Risk Only)

105
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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 beinw 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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SPECIAL DESIGN FEATURES AT INDIAN POINT

V.

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 surrcunding 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
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

6



(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 adci-
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 unique 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 unigue to
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, it would be restored
to its correct position. This feature
reduces the likelihood of bypassing the
containment.

The containment weld channel pressur-
ization system and the isolation valve
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seal water system help to assure that
the containment leaktightness is main-
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 tc 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 reductions afforded by some of the design fea-
tures discussed above have been quantified using information
from the IPPSS. For example, the freguency of late over-
preéiure containmeng, 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 considered, 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 provide 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 Indian 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 occurrence.

Special design features, together with standard nuclear
power plant safety systems, result in very low early and

latent fatality risk at Indian Point Units 2 and 3.

VI. CONCLUSIONS

Each of the several comparisons used in this testimony
to address Commission Question Five supports the conclusion
that Tndian 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, including Indian Point, is
very low. The Indian Point early fatality risk is low
because, based on the strength of the containments, the low
frequency interfacing systems LOCA is the only contributor
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 Poiat accident scenario.

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 N
values of latent fatality consequences, based on the generic
work reported in NUREG/CR-2239 (Reference 12). This report
shows that the range of latent fatality consequences, given
a specified release, is relatively narrow. See Licensees'
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 freguent
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
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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 and narrower with
reductions in scurce terms. Therefore, no additional
mitigation features are necessary to bring Indian Point
within the range of risks posed by other nuclear power

plants.
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Kansas State !nivarsity, B.S. (1960) and M.S. (1962) in Nuclear
Enagineering

Post Graduate Courses in Enaineering at UCLA, SMU, MIT

Mr. Paddleford is an Advisory Enagineer in the Risk Assessment
Section »f the Nuclear Safety Department at the Westinghouse
Nuclear Technology Division. Since joining Westinghouse PWR
Systems Division in 1965, Mr. Paddleford has held a variety of
positions in areas of increasing responsibility related to PWR
plant safety, licensing, reliability, safety standards develop-
ment, transient analysis, including core melt behavior, and
probabilistic risk assessment. Most recently he has been encaged
in the management and analysis of dearaded core related issues,
including test programs. He is currently active on AIF and IEEE
Committees on Development of Risk Criteria and Utilization of PRA
methods and is one of the principle authors of the Technical
Writing Group which prepared the Industry/NRC "PRA Procedures
Cuides" under sponsorship of ANS and IEEE. He is a member of the
[DCOR Technical Advisory Group and several IDCOR Expert Review
Groups.

In +the early 1970's his experience and responsibility included
lead on research projects to develop a probabilistic approach to
safetv analysis, includinag systems reliability and data,
probabilistic fracture mechanics models, core migration assess-
ment, and probabilistic modeling of consequences associated with
major fission product releases. Additional pertinent experience
has included development of methods for parameter uncertainty
propacation throuah design analysis computer codes and analysis
of ™I and alternative scenarios at the request of the Kemeny
Commission. Prior to joinina Westinghouse, Mr. Paddleford was at
Atomics International where he worked in areas of reactor physics
and transient analysis in support of the SNAP 2/10 safety
development.

Mr. Paddleford is a mamber of ANS and Sigma Xi and is a
reaistered Professional Engineer. He is author or co-author of a
number of papers on reactnr safety and risk assessment.
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M.S., Envirommental Science, University of Michigan, 1972.
3.5., Chemisery, University of Pittsburgn, 1563.

PROFISSIONAL EXPERIZNCE

General Summary

Consultant on healsh and safety aspects of nuclear power. Performiig
environmental dose assassments for nuclear power plant safety analysis,
anvironmenzal reports and operating reports. Assisting clienss in design
and imolementation of ragiclogical or environmenzal monitoring programs
and interpretation of resuylts. Providing independens review of in=plant
racdiological protection programs and effluent analys's programs.

censultant in radiological nealsn aspects of nuclear power. Prepared
riciological nealsh section af safety analysis resorts and environmental
monitoring programs and evaluated dasa from shose programs. Devslopes a
matnematical model to predict radiation doses from nuclear power plant

effluents.

License agministrator, plutonium fuel facility neaith and safety
supervisor. Proviced'radiological safety review of major facility
modifications. Us2a these analyses and nuclear criticalicy analyses
perfomec Dy others to prepare AZZ svecial nuclear maserials and byproduct
license applicasions. Served 25 Corporacta contact with AZZ in matsers
related ¢o iicensing. Organized and supervised a radiological prosacsion
orogram for a plutsnium fuels fadbricazian facility and net cel}

facility. Instituted personnel monitoring programs using
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