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- July 24, 1984 !
'

UNITED STATES OF AMERICA C

NUCLEAR REGULATORY COMMISSION

'84 Ji.l. 27 til; :;7

BEFORE THE ATOMIC SATETY AND LICENSING BOARD ,,

In the Matter of )
)

Carolina Power & Light Company and ) Docket No. 50-400 CL
North Carolina Eastern Municipal )
Power Agency )

)
(Shearon Harris Nuclear Power ) ,

Plant Unit 1) )

,

JOINT INTERVENORS' TINDINGS OF FACT ON
JOINT CONTENTIONS II(e) AND II(c)

Pursuant to an oral order made by the Board on June 19, 1984, now

comes the Joint Intervenors (Kudsu Alliance, Wells Eddleman, C.H. A.N.C.E.,

and the Conservation Council) with proposed findings of fact and conclusions

of law concerning Joint Contentions II(e)--Concentration of radionuclides

through interaction with fine particles--and II(c)--Calculations of radio-
,

logical doses from normal releases. By telephone, Chairnan Kelley granted

an extension on the filing of these findings until July 24, 1984.

The purpose of litigating these environmental contentions is primarily
r to disclose fairly the reasonable risks associated with the operation of

the Shearon Harris Nuclear Power Plant. These findings are to assist the

Board in preparing its order relating to the environmental part of the'

Operating License. -

Joint Contention II(e)--Fine Particles

Both the Applicants and the Staff have underestimated the detrimental

health effects arising from the normal operation of the Harris plant as

$
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they idof t'oPaccura'tely model the concentration of radioactive nuclides assoc-
a ~ -

ist with fine airporne. particles. The following are findings of fact which

nepporgithispositIon: #
s

,

,

f

~ ;1. -Jeint Conte'ntion II(e) states:
ss,+

.'"Thef. longterm somatic and genetic health effects of radiation
,

,%

( A releasah from the facility during normal operations, even
where such releases arq within existing guidelines, have been'

s
" seriously underestinated for the follcwing reasons: (e) The

..

radionuclide concentration models used by Applicants and thev
, s' ' NRC are inadequate because they underestimate or exclude the

fcilowing means :of' concentrating radionuclides in the environ-w

. ;]s '7 " ment. ,. radionuclides absorbed in or attached to fly ash from
,

.x
.<c.qe1 plants which are in the air around the SHNPP si te. ."'t .

(af ter modification in the Board's^

' -Order of January 27, 1984).w
<

.

'

,2.Applicani.bsubnitted..testimonybyDrs.JohnJ.MauroandStevenA.-

. -
... . ,

' Schaff er,' both of the 'Env.ironsphere Division of Ebasco Services, which is
'

~ , - . ,.
the architect /eugineer for the Harris plant (Tr. 1610). The NRC Staff

presented Edward F. Eranagan, Jr. , Senior Radiobiologist within the Office
~

s
.. 4

~

of>Hucle'r' Reactor.Regulati6n. Dr. Mauro re't'urned to the stand to responda

to-questions raised py the. Board and cross-examination.

3. A copy of a paper by 6. I.. Fischeit and D. F. S. Natusch, titled
-,;.

"T.ize rependence of .the: Physicci .and Chenical Properties of Fly Ash" had

been filed as Eddleman Exhibit No. I relating to Eddleman Contention 8f(1)--

~Kealth effects of coal particles. This paper is als, relevant to this

contention as referenc e was nade to it at several places in the hearing

(Tr. 161'7 and 1647) and to some extent Joint Contention II(e) and Eddleman
I

Contention 8f(1) deal with 'related matters. .

'
. ,

'

4.. Normsl~ releases of radiation from the Harris plant causes radio '

nuclides to attach themselves on airborn particles or fly ash by adsorption,
,

absorption,.ionizEtion, and nucleation. Applicants' witnesses did not address

;the differences in 'the mechanics of these dif ferent processes and in f act
-

.
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"were not that concerned about the mechanists of the a ttachment" (Tr. 1664).

5. 98%'of inhalable radioactive material is' Tritium (Applicants'

testimony, p. 4 top) so any increase would substantially raise the whole

body dose (Tr. 1680). As Tritium has a half-life of approximately 12 years,

it is possible to calculate the disintegrations of it per second (Tr.1679).

Tritium is primarily present as tritiated water vapor and often acts similarly

to water vapor. In a process termed " nucleation", Applicants witnesses stated,

" coal particulates can grow in size due to the water attaching to it" (Tr. 1669).
Applicants did not take " electrostatic phenomena" into account (Tr.1675).
When taken into the body, Tritium is rapidly absorbed into body fluids (Tr.1763).

Tritium accounts for all or almost all of the radioactivity to the total body,

GI tract, liver, kidney, and skin, and a substantial contributor to the lung

and thyroid (Applicants' testimony, Table following p. 13). Applicants'

witnesses did not address the increase of Tritium attaching to particles, only

as water vapor (Tr. 1691). Tritium has a specific activity of 10' curies

- per gram "at the off-site location with the highest annual average Chi over Q"

(Tr. 1746).

6. Applicants did not squarely address Tritium in its conclusions yet

at one point treated Tritium as a wet particle (Tr.1682). After Tritium is

absorbed 'it delivers a radiological dose to the whole body, and in discussing

this process,LApplicants' witness stated, "it's more detrimental to deliver

the dose to .the whole body than to localize and deliver the dose to the lung"-

(Tr. 1689).

7. .The Ebasco model presented by Applicants makes the following assumptions:

a) 757. of the inhaled particles is deposited in the lung (Tr. 1711; Appli-

. cants' testimony, 'p. 7); of which one-third stays in the deep lung (Tr.1839);'

b)- the annual average of fine particles is determined to be 100 pg/m'-

'

(PEDCo 1982; Applicants' testimony, Att. 2, p. 2-3);
.

|
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.c) the deposition velocity for fly ash is 0.21 cm/sec based on a median

. size. particle ~of 2 pm (Applicants' testimony, p. 15);

d) half of the insoluble particles deposited in the deep lung are

removed'within 24 hours (Applicants' testimony, p. 7);

e) soluble particles pass through the lung into the body fluids (~ testimony, p. 9)

f)'the plume pattern from the Harris plant will concentrate into a

standard Gaussian distribution (Tr. 1793).

8. Most of the above assumptions were found deficient upon cross-examination.

'_The ' amount of inhaled material which is deposited varies between 10 and 1007.

depending on the size of the particle (Applicants' testimony, p. 8) with a

mininum of 30 to 60 7. being deposited into the deep lung (Tr. 1839; reference

to EPA document). There was no effort made to determine what the size range

-of particles is in the vicinity' of the Harris plant or what the composition is

.of the discharge from the Cape Fear plant which is 12 miles up-wind from the

-Harris plant to the south-southwest -(Tr. 1819). Particles from the Cape Fear

plant, which burns coal, ~would - reach the Harris plant within one hour (Tr.1800).

Neither of Applicants' witness had experience in precipitator technology (Tr.

'1806) or how precipitator efficiency could effect the distribution (Tr. 1828)
_

or resistivity. of the fly ash (p. 1828). There was uncertainty as to the

assumed de' position and clearance patterns (Tr. 1795). Deposition

f velocity of particles ranged from 0.12 cm/see to 1.81 cm/sec (Tr.1798; Reg Guide

1.111) or from 0.015 cm/see to 4.0 cm/sec (EPA 1982). There has been no

site-specific study (Tr. 1790) and there is also the need to go back with
.

an environmental surveillance program to confirm the model (Tr. 1798). The

PEDCo study relied upon by the Applicants contains a discrepancy in the amount

of fine particles found in North Carolina; one table states that there is

56 pg/m* of particles less than 15 microns, another states that there is 56
.
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pg/m' of particles less than 2.5 microns, a substantial difference (Tr. 1736).

9. There was no study done of adsorption or absorption of noble gases

onto coal particulates (Tr. 1837) by the Applicants or by the Staff (Tr. 1882).

The Staff relies on UN Repert (Appendix C, cite on Tr. 1912) which does not

mentien noble gases or whether they were looked for in association with

radioactive nuclides on fly ash (Tr. 1924).

10. Applicants' witnesses state that newer models of determining the

radiological doses from airborne particulates are more precise as they are

based on new information and research (Tr. 1720 - 1724). L'itness Mauro

cannot state specifically whether the new models would produce dif ferent results

but states that "it is more realistic treatment of the behavior of radio-

nuclides" (Tr. 1724 - 1725). Applicants have not used the newer models in

preparing their testimony (Tr. 1728 - 1729).

11. Although radioactive material deposited in the lungs may go to the

lymph nodes via macrophages (Tr. 1701, 1705 ett seq.), dose conversion factors

were not given for the lymph nodes (Tr. 1726; see table following Applicants'

testimony p. 13).

12. Figure 1 (Applicants' testimony following p. 9; also EPA Fig. 11-9

on p. 11-28) portrays an " eye-fit" or judgmental band consisting of the results

of various' studies of the deposition of monodisperse aerosols of varying

diameters (For discusion, see Tr. 1620 et seq.). A substantial nu.nber of

test data results exceed the uppermost *imit of the band which may be increased

when one looks at the ranges of Altshuler et al. (1967) which portrays normal

breathing in volume (500 ml) and rate (15 breaths / minute) Lad Salhofen et al.

(1981) which portrays slow, moderate breathing (Tr. 1633). The percentage of

particles deposited varies considerably upon mouth vs. nose breathing, shallow

vs. deep, rapid vs. slow, and as a composition of these, whether one is awake

. .
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.or asleep. The use of a monodisperse aerosol in these tests disregards the

possibility for the agglomeration of the particles and may prove irrelevant

: to this proceeding as e result (Tr. 1625).

13. The testimony prepared by the staf f acsumes that 1007. of the

inhale. particles remain in the lung, while in the FES it was assumed that

751 would remain (Staff testimony, p. 4). The Staff assumes no difference

between the deep lung and the upper lung (Tr. 1877). The Staff bases its

entire analysis on the thyroid, which it considers the maximally exposed

organ although it is not the most sensative organ to radiation (Tr. 1947).

Releases of radiation which effect the thyroid are primarily radioactive

iodine and radioactive particulates (which includes Tritium) (see FES,

Table D-7 on p. D-10). Dose conversion factors for other organs are

readily available and are discussed in Staff testimony (pp. 3 - 4).

The Staff concludes that af ter recalculation, "the dose to the thyroid of the

maximally exposed individual from inhalation of iodines and particulates

.would be increased from 0.2 mrems/ year to about 0.3 mrems/ year. These

dose estimates are based on inhalation of iodines and particulates from

the reacor and do not include exposure to naturally occuring radionuclides

in coal fly ash" (Staff testimony, p. 4).
.

Joint Contention II(c)--Calculations of radiological doses

Both the Applicants and the Staff have underestimated the longterm

health' effects of normal radiation releases as they examine the effects over

an arbitrarily short period of time and disregard certain health effects.

The following are findings of fact which support this position:

14. Joint Contention II(c) states:

. _ -. ._ .- . - - --
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"The longterm somatic and genetic health effects of radiation
releases from the facility furing normal operations, even
where such releases are within existing guidelines, have been
seriously 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 time compared to
the length of time the radionuclides will be causing health
and genetic damage." (see Board's Order of January 27, 1984).

15. Applicants submitted testimony by Dr. John J. Mauro and Mr. Stephen

'F. Marschke, cn engineer, both of the Environmshpere Division of Ebasco

Services, . which is the architect / engineer for the Harris plant. The NRC

Staff presented Edward F. Branagan, Jr., Senior Radiobiologist within the

Office of Nuclear Reactor Regulation.

16. Applicants demonstrate radiological doses and the resultant risks
,

to the population'within a 50-mile (80 kilometer) radius around the plant

(see Applicants' testimony p. 4). The doses to this population occur

through ingestion of fish in the main reservoir and Cape Fear River,

external' exposure from air submersion and deposited radioactivity, and

internal exposure from inhalation and ingestion of contaminated food

(Applicants' testimony pp. 4 - 5). Exposure to the entire US population

occurs primarily through the dispersion of airborne gases, most notably

Krypton-85 (Tr. 2023). Table 1 (Applicants' testimony p. 6) shows that
,

approximately 94% of the total annual whole body person-rems for the US

consists of gaseous emissions from.the plant.

17. Applicants show that annual whole body doses due to normal

releases from the plant are deternined to be 15.4 person-rems (50-mile radius)

and 25.7. person-rems (US as a whole). 40-year whole body doses are deter-

-mined.to be 624 person-rems (50-mile) and 1738 person-rems (US). An

additional 8 person-rems (50-mile) and 706 person-rems (US) would be

added over the 100-year period following the shutdown of the plant (Applicants''
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testimony pp._6 - 7, incl. Table 1). This " residual dose" increases the
/

total dose to the US population over the life of the plant by approximately

40% yet is -disregard in determining the total risk from the plant (Tr. 1991 -

1992; Applicants' testimony, Attachment 3, Table B, p. 3-6). Staff witness

Branagan said it would be reasonable to include the residual dose in the

FES (Tr. 2063).

18. Cumulative absolute risk of fatal cancers was determined to be

.10 (50-mile) and .25 (US) using risk coefficients and the methodology

presented in BEIR I (Applicants' testimony, p.13; Attachment 6 for details).

Cumulative relative risk was determined to be approximat :ly four-fold higher,

'that is, .40 (50-mile) and 1.0 (US) (Tr. 2049; Staff concurs, Tr. 2104).
.

Both absolute risk and relative risk are found in the BEIR report (Tr.1999).

19. Maximum individual doses for the life of the plant was determined

-5to be about 2 X 10 This was also calculated using the age specific cancer.

risk coefficients and the methodology presented in BEIR I (Applicants' testimony,

p. 13; Attachment 6). This did not address the risk from conception to birth

of the fetus which would increase this by approximately 5% (Tr. 1987). The

risk to the fetus of radiological doses is higher than to an adult (Tr. 1979

etiseq.).

20. This risk of not having the p1' ant in operation is zero (0.0) and

risks should be compared to no plant rather than to background levels (Tr. 2129).

Studies of actual background levels of radiation purported to be conducted by

Applicants will not be made part of this record so the Board should disregard

the discussion of them on Tr. pp. 2002 - 2010. The FES at Table 9.1 presents

background levels of radiation at 87.8 mrems/ year but does not include

internal. doses from naturally occuring Potassium-40 which would add an addi-

tional 20 mrems/ year (Tr. LOO 3).
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21. - Nonfatal cancers can be determined by multiplying the risk of

. fatal cancers by approximately two times (An.plicants, Tr. 2040) or

- by 1.5 to 2.0 times (Staff testimony, p.7; BEIR III, 1980).

22. The Applicants analysis assumes that there are no gender-b sed

differences (Tr..- 1976 - 1977). It is not correlated to any actual exposure

. to any individual or individuals (Tr. 1988). It assumes a constant population

in the 50-mile radius around the plant and for the US (Applicants' te s timony ,

p. 8) although doubling the population or increasing the food production

would significantly increase the amount of person-rems (Tr. 2041).

, ,
23.. Staff analysis assumes a 5 mrem / year exposure to the whole body to

- the maximally exposed individual (Staff testimony p. 5; Tr. 2100). Staff

- witness declared this to be a conservative risk (Tr. 2090) as this person

"would have to spend almost.all or his or her time at the site boundary, and

obatin'almost all of his or her food grown at an off-site location where thei

highest concentrations of radionuclides are expected in order to obtain a

dose of 0.2 rems .over the plants (sic) life"(Staff testimony, p. 8 top).

- This-person would also get additional exposure due to gaseous and liquid

effluents which would give that person a dose greater than 8 mrems/ year,

. (Tr. 2087). There was basis given for the Staff assumption of 5 mrem / year

(Tr. 2099 - 2100).

24. - Staff witness declared that it was conservative to assume that

releases of' radiation from the Harris plant would not exceed the dose design

objectives found.in Appendix 1 of 10 CFR 50 (Tr. 2082). He states in his

- profiled testimony that "the Staff based its dose estimates to a maximally

exposed individual on the annual dose design objectives for exposure to

. various types of effluents (Staff testimony, p. 4; Tr. 2066). The values

' in the FES (Appendix D) are however less than the dose design objectives
* *

.
.
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(Tr. 2064 ) . This is not realistic as there is nothing to insure that the

plant will not surpass its dose design objectives. The review of emissions

f rom other operating plants found in. Table 4-1 (Applicants' Attachment 4)

shows that some of the releases from operating plants are much higher than

the average and likely exceed the dose design objectives (Tr. 2071 et seq.).

The conversion of curies per reactor per year into person-rems can be performed

by the GASPAR computer program (NUREG- 0597)[Tr.10F0

25. Although Staff declares that relative risk gives an upper reasonable

limit to the range of uncertainty of risk estimates (Tr.2 /04), others, most

notably Drs. John Gofman and Carl Morgan, give substantielly higher risks

associated with exposure to radionuclides (Tr. 2|lk).

26. The Staff uses a figure of 258 cases of all forms of genetic disorders

per million person-rens (Staff testimony p. 7). A reasonable upper limit would

be approximately six times that or approximately 1500 cases (Tr. 2119).

27. 'Neither the Staff or Applicants made any study or other calculations

of fetal losses (Applicants, Tr. 2040; Staff, Tr. 2130). The Applicants did

not calculate the genetic defects which would arise from the plant's operation

(Tr. 2037) and the Staff did not perform any study on the radiation-caused

effects on the fetus which might result in birth defects, learning or other

cognitive damage (Tr. 2130).

28. Neither the Applicants or the Staff made any analysis of the risk

of the plant's operation to the world population (Applicants, Tr. ; Staff,

Tr. 2124). Judge Foreman stated that the world population is approximately

4 billion (although the figure is closer to 4.75 billion) so the cumulative

risk of cancers and genetic defects could be figured out and should be included.

29. An understandable method would be to list all rish figures over

'the 40-year life of the plant rather than annually.
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Conclusion

30. In regards to Joint Contention II(e), the Applicants' analysis is

inadequate because, among other reasons discussec above, it disregards effects

from Tritium which attach to particles present around the plant, it makesL

several assumptions which unnecessarily minimize the risk, it does not

address.the mechanics of how radioactive material is attached to the particles

or how different size particles effect body organs, and it is not based on any~

_

site-specific analysis of the area. Staff analysis is also inadequate as it

assumes an additional 33% increase in the amount of particles which remain

in the lung over what is stated in the FES, it makes no analysis of noble
4

gases or their daughters, and it only analyzes risks to the thyroid which

is not-the most sensative organ.

31. In regards to Joint Contention II(c), the Applicants' analysis is

inadequate because, among other reasons discussed above, it ignores residual

doses to the US population in its risk assessment, it does not analyze the

additional danger to the fetus, and it relies solely on absolute risk rather

than a range including relative risk. Staff analysis is also inadequate

because it assumes without any basis that the maximally exposed individual

will receive 5 arem/ year exposure to the whole body, it assumes that the
,

,

; Harris plant will not exceed its dose design objectives, and it views relative

risk to be the upper limit. Neither Staff or Applicants did any analysis on

all aspects of genetic disorders or fetal losses.

32. As a result, modifications must be made in both the ER and the FES

which show the reasonable risks associated with the operation of the Harris

plant. More accurate and complete analyses must be conducted in erder to

I
.. .
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correct the flaws mention above. The Board's Order should include a
'

: realistic time-table for completing the'needed analysis.<

. . -

-

Respectfully submitted,

/ /,

/dohn Runkle
for the Joint Intervenors

.

This is.the 24th day of July, 1964
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CERTIFICATE OF SERVICE

I hereby certify that copies of JOINT INTERVENORS' FINDINGS OF FACT ON JOINT
CONTENTIONS II(e) AND II(c) have been served on the following by deposit in
the U.S. mail, first class postage prepaid, or by hand-delivery on this 24th
day of July, 1984.

James L. Kelley Daniel Read
Atomic Safety and Licensing Board PO Box 2151
US Nuclear Regulatory Commission Raleigh, NC 27602

Washington, D.C. 20555
Robert P. Gruber

Glenn O. Bright Executive Director

same address Public Staff--NCUC
PO Box 991

Dr. James H. Carpenter Raleigh, NC 27602

same address
Dr. Linda Little

Ruthanne G. Miller' Governor's Waste Management Board
same address 513 Albermarle Building

325 N. Salisbury Street

Charles Barth Raleigh, NC 27611

-Janice E. Moore
Office of the Executive Legal Directer
US Nuclear Regulatory Commission
Washington, D.C. 20555

Richard E. Jones
Associate General Counsel ." )
Carolina Power & Light Company
PO Box 1551 y

Raleigh, NC 27602 John Runkle
Counsel for Joint Intervenors

Thomas A. Baxter
Shaw, Pittman, Potts & Trowbridge
1800 M Street, N.W.
Washington, D.C. 20036

I "'
Bradley W. Jones DOCN8d8
Regional Coonsel gg [{t MCWh]
US'NRC, Region 11

'" '
,hd ggga a A 3 30 gg

g 7/tf[6 YRichard D. Wila.pn, M.D.

729 Hunter Street
. Apex, NC. 27502

Travis Payne
PO Box 12643
Raleigh, NC 27605

' Wells Eddleman
718-A Iredell Street
Durham, NC 27705
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