Nuclear Power

IMONY OF
JOINT CONTENTI(

Dr. Branagan, what is the purpose of this testimony?

The purpose of this testimony is to address Joint Contention Il

subpart (c). Joint Contention II (c) as originally admitted states:

Joint Contention 11

The long term somatic and genetic health effects of radiation
releases from the facility during normal operations even where such
releases are within existing guidelines, have been serioucly
underestimated for the following reasons: (c) the work of Gofman
and Caldicott shows that the NRC has erroneously estimated the
health effects of low-level radiation by examining effects over an
arbitrarily short period of tim: compared to the length of time
the radionuclides actually will "2 causing health and genetic

damage.

8406110040 840531
;DR ADOCK 05000;83




> P

The Board modified this contention in it's Order of January 27,
1984 (pp 39-41). This modification focused on the following issues:
(1) Whether the environmental impact statement should
ﬁ}ovide the total risk associated with exposure to
radioactive effluents from normal operations for the
40-year life of the plant; and (2) whether the environ-
mental impact statement should take into account the
incremental impact on people who live near the plant

for many years.

Q.3. Over what time period did the Staff estimate radiological impacts
from exposure to effluents releas2d from Shearon Harris during
normal operation?

A.3. The time period for evaluating doses is described in the FES,

page 5-26, as fo]]ous:l/

When an individual is exposed through one of these
pathways, the dose is determined in part by the amount
of time le/she is in the vicinity of the source, cr the
amount of time the radioactivity inhaled or ingested is
retained in his/her body. The actual effect of the
radiation or radioactivity is determined by calculating
the dose commitment. The annual dose commitment is
calculated to be the total dose that would be received
over a 50-year period, following the intake of radio-
activity for 1 year under the conditions existing

20 years after the station begins operation. (Calcu-
lation for the 20th year, or midpoint of station
operation, represents an average exposure over the life
of the plant.) However, with few exceptions, most of
the internal dose commitment for each nuclide is given
during the first few years after exposure because of
the turnover of the nuclide by physiological processes
and radioactive decay.

1/ As utilized in this testimony, “dose" refers to the “duse equiva-
lent" for an individual and the "collective dose-equivalent
commitment" for a population.
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Did the staff present “"the total risk represented by the life of
the plant" in the FES?

No. Radiological impacts from exposure to effluents released from
Shearon Harris during normal operations were presented on an

annual basis in Section 5.9.3 and Appendix D of the FES.

Why were radiological impacts presented on an annual basis, rather
than summed over the 1ife of the plant?

There are several reasons. First, applicable regulations (i.e.,
10 CFR 20; and 10 CFR 50, Appendix 1) contain <onual limits or
design objectives, rather than cumulative limits or design
objectives. Second, the benefits from operating the plant were
expressed on an annual basis in the FES. Integrating the impacts
over the lifetime of the plant would be counterbalanced by

integrating the benefits over the lifetime of the plant.

Can the Staff provide an upper bound estimate of the incremental
impact on people who live near the plant for many years as a

result of exposure to radioactive effluents from normal operations?

"Yes. The Staff has estimated the incremental impact on people who

live near the plant for many years (hereinafter referred to as the
cumulatiQe impact) in the following manner. First, the Staff

conservatively estimated the dose to the total body that a member
of the public might receive from exposure to radioactive effluents

from one year of normal operations. Second, the Staff multiplied
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the dose from one year of operations by 40 years of reactor opera-
tions to estimate the cumulative dose for 40 years. Finally, the
Staff estimated the risk of potential fatal latent cancers to the
expogéd individual by multiplying the cumulative dose by health

risk estimators.

For the purpose of estimating cumulative risk, how did the Staff
estimate the dose that a member of the public might receive from
exposure to radioactive effluents from normal operations of Shearon
Harris Unit 17

In Appendix D of the FES, the Staff presented its analysis which
showed that the Shearon Harris plant had sufficient waste treatment
systems to meet the dose design objectives in Appendix I of 10 CFR
Part 50.3/ Operation of the Shearon Harris facility will be governed
by operating license Technical Specifications that will be based on
the dose-design objectives of Appendix I to 10 CFR 50. Because
these design-objective values were chosen to permit flexibility of

operation while still ensuring that doses from plant operations are

"as low as reasonably achievable," the actual radiological impact

of plant operation may result in doses cluse to the dose-design
objectives. For the purpose of this testimony, the Staff based its

dose estimate to a maximally exposed individual on the annual

Some of the estimates in the FES pertain to operation of a two-unit
facility. Since Unit 2 has been cancelled, the Staff in this
testimony has provided cumulative risk estimates for operation cf
one unit at the Harris site.
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dose-design objectives in Appendix I of 10 CFR Part 50 for exposure

to the various types of radioactive effluents.

What Ere the dose design objectives in Appendix 1?
Appendix 1 of 10 CFR Part 50 provides numerical guidance on
dose-design objectives for lightwater reactors to assure that

doses to the public are as low as reasonably achievable.

The annual dose-design objectives in Appendix I for all
unrestricted areas are as follows: 3 mrem/yr per reactor to the
total body or 10 mrem/yr per reactor to any organ from all pathways
of exposure from liquid effluents; 10 mrads/yr per reactor gamma
air dose, or 20 mrads/yr per reactor beta air dose from noble
gaseous effluents or 5 mrems/yr per reactor to the total body or

15 mrems/yr per reactor to the skin from noble gaseous effluents
whichever is more limiting; and 15 mrems/yr per reactor to any
organ from a1l pathways of exposure from airborne effluents that

include the radioiodines and particulates.

What dose did the Staff use in estimating the possible risk to an

individual in the public?

The Staff has assumed that a hypothetical individual will be exposed
to 5 mrems/yr to the total body. For 40 years of plant operation,
the cumulative dose would be 0.2 rems. This is a conservative
estimate of the dose to an individuzl, because it is unlikely :hat

an individual will be simultaneously exposed at the dose-design
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objective levels from gaseous and liquid effluents to the same body
organs for 40 years. Actual doses to reai individuals in the near
vicinity of the site are expected to be a fraction of the dose of
0.2 rems. In order to obtain a dose of 0.2 rems, an individual
would have to spend almost all of his or her time at the site
boundary, and obtain almost all of his or her food grown at an
offsite location where the highest concentrations of radionuclides
are expected. The average dose to an individual within 50 miles of
the site is expected to be about 500 times less than the preceding

value. (FES, Table D-7, p. D-10).

How did the Staff calculate the risk to an individual from this
dose (i.e., 0.2 rems)?

The Staff estimated the risk of fatal cancers to the individual by
multiplying a conservative estimate of the dose to tne total body
of an individual exposed to radiocactive effluents from 40 years

of operations by somatic (i.e., cancer) risk estimators.

What risk estimators were used by the Staff in estimating

potential health effects?

The follquing risk estimators (see FES, Section 5.9.3.1.1) were
used to estimate potential health effects: 135 potential deaths
from cancer per million perso .-rems and 258 potential cases of all
forms of genetic disorders per million person-rems. The cancer
fatality risk estimetors used in this testimony are based on the

"absolute risk" model described in BEIR I. Higher estimates can be
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developed by use of the "relative risk" model along with the assump-
tion that risk prevails for the duration of 1ife. This would
produce risk estimates up to about four times greater than those
used.in this testimony. The Staff regards this as a reasonable
upper limit to the range of uncertainty. The lower limit of the
range would be zero because health effects have not been detected

at doses in this dose-rate range. The number of potential cancers
would be approximately 1.5 to 2 t mes the number of potential fatal

cancers. (BEIR III, 1980).

Values for genetic risk estimators range from 60 to 1500 potential
cases of all forms of genetic disorders per million person-rems
(derived from BEIR I, page 57). The value of 258 potential cases
of all forms of genetic disorders is equal to the sum of the
gecmetric means of the risk of specific genetic defects and the

risk of defects with complex etiology.

Q.12. What would be the cumulative risk of cancer fatalities to an
individual due to 40 years of plant operation?

A.lZ..Hultiplying the preceding somatic .3k estimator (i.e., 135
potential fatal cancers per million person-rems) by a conservative
dose estimate of 0.2 rems, the Staff estimates that the risk of
potential premature death from cancer to an individual exposed to
radioactive effluents from 40 years of reactor operation is about
3 chances in one hundred thousand. This risk is a small fraction

of the current incidence of actual cancer fatalitiec (about 20%,
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American Cancer Society, 1978). As indicated ir »¢sponse to

question 9, an individual would have to spend almost all of his or
her time at the site boundary, and obtain almost ali of his or her
food grown at an offsite location where the highest cor_entrations
of radionuclides are expected in order to obtain a dose of 0.7 rems

over the plants lifetime,

. How does the Staff's estimate of the cumulative dose to an indi-

vidual exposed to radioactive effluents for the plants lifetime
compare with the dose from exposure to natural background
radiation?

Exposure to natural background radiation in the United States
varies from about 0.07 rems/yr to about 0.3 rems/yr depending on
geographical location (Oakley, 1972). Assuming an average annual
exposure of about 0.1 rems to natural background radiation for the
State of North Carolina (Oakley, 1972), the dose to an individual
exposed to radioactive effluents for the plants lifetime (i.e.,
0.2 rems) is conservatively estimated to be abcut 3 percent of
the dose from exposure to natural background radiation (i.e.,

about 7 rems over a 70-year lifetime).

. Has the Staff estimated the number of potential genetic disorders

that may occur as a result of exposure to radioactive effluents
from normal operations?
Yes. The Staff estimated the number of potential genetic disorders

associated with exposure cf the general public to radioactive
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effluents from normal operations in the following manner. First,
the Staff estimated the collective dose-equivalent commitment

(hereinafter referred to as the population dose) to the population

within 50 miles of the plant from exposure to radioactive effluents

from one reactor-year of normal operations to be about 15 person-
rems to the total body (FES, Table D-7, p. D-10). The cumulative
population dose would be about 620 person-rems for 40 years of
operation, Second, the Staff multiplied the cumulative population
dose by genetic risk estimators to obtain the number of potential

genetic disorders.

. What are the Staff estimates of the number of potential genetic
disorders due to exposure to radiocactive effluents?

. Multiplying the cumulative population dose from exposure to
radiocactivity attributable to the normal operations (ihat is,

620 person-rems) by the preceding genetic risk estimator, the Staff
estimates that about 0.16 of a potential genetic disorder may occur.
The value of 0.16 is the sum of the number of potential genetic
disorders that may occur over all future generations of the exposed
.population (within 50 miles) due to exposure to radioactive efflu-
ents from 40 reactor-years of operation. This value is small
compared with the current incidence of actual genetic i11 health in
each generation (about 11%, BEIR III (1980)) of the population of

about 1,750,000 persons within 50 miles of the plant.
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What do you conclude with respect to the issue raised in the
Board's modification of Joint Contention 1I(c)?

I conclude that potential "long term somatic and genetic effects
of radiaticn releases from the facility during normal operation®
were estimated over an appropriate pericd of time. The risk of
long term somatic and genetic effects of radiation releases from
the facility during normal operation are a small fraction of the
current incidence of actual cancer fatalities and actual genetic
i11 health in each generation. Estimation of cumulative risk

instead of annual risk would not change that conclusion.
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PROFESSIONAL QUALIFICATIONS

from April 1879 to the present, ] have been employed in the Radiological
pcsessment Branch in the Office of Nuclear Reactor Regulation of the
U.S. Nuclear Regulatory Commission (KRC). As a Senior Radiobiologist
with the Radiological Assessment Branch, 1 am responsible for evaluating
the environmental radiological impacts resulting from the operation of
nuclear power reactors. In paiticular, 1 am responsible Tor evaluating
redioecological models and health effect models for use in reactor
1icensing.

In 2ddition to my duties involving the evaluation of radiclogical impacts
from nuclear reactors, my duties in the Radiological Assessment Branch
have included the following: (1) I managed and was the principal author
of a report entitled "Staff Review of '‘Radioecological Assessment of the
Wyhl Kuclear Power Plant'” (NUREG-DEEB); (2) 1 served as a technical
contazct on an NRC contract with Argonne Nationa)l £aboratory involving
development of a computer program to calculate health effects from
radiation; (3) 1 served as the project manager on an NRC contract with
1daho National Engineering Laboratory involving estimated and mezsured
concentrations of radionuclides in the environment; (4) 1 served as the
project manager on an NRC contract with Lawrence Livermore Laboratory
concerning a literature review of values for parameters in terrestrial
radionuclide transport models; and (5) 1 served as the project manager
on an NRC contract with Oak Ridge National Laboratory concerning a
statistical analysis of dose estimates via food pathways.

From 1576 to April 1979, 1 was employed by the NRC's Office of Nuclear
Materials Safety and Safeguards, where 1 was involved in project manage-
ment and technical work. 1 served as the project manager for the NRC in
connection with the NRC's estimation of radiation doses from radon-222
and radium-226 releases from uranium mills, in coordination with Oak
Ridge National Laboratory which served as the NRC contractor. As part
of my work on NRC's Generic Environmental Impact Statement on Uranium .
Milling (GE1S), 1 estimated health effects from uranium mill tailings.
Upon publication of the GEIS, 1 presented a paper enti'.led "Health
gffects of Uranium Mining and Milling for Cormercial Nuclear Power™ at
a Conference on Health Implications of New Energy Technologies.

1 received 2 B.A. in Physics from Catholic University in 1969, a M.A. in
Science Teaching from Catholic University in 1970, and a Ph.D. in
Radiation Biophysics from Kansas University in 1976. While completing
my course work for my Ph.D., 1 was an instructor of Radiation Technology
at Haskell Junior College in Lawrence, Kansas. My doctoral research
work was in the area of DNA base damage, and was supported by a U.S.
Public Health Service traineeship; my doctoral dissertation was entitled
"Nuclear Magnetic Resonance Spectroscopy of Garma-1rradiated DNA Bases.®

1 am a menber of the Health Physics Society.
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